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RECENT TABLE UPDATES

March 30, 2022/April 1, 2022

Monoclonal Antibodies —
= FDA restricts use of sotrovimab in areas where the BA.2 variant causes >50% of COVID-19 cases

lvermectin —
= Randomized, double-blind, placebo-controlled trial in high-risk outpatients found no benefit of ivermectin use

mRNA Vaccines -
" FDA authorizes second booster doses of the Pfizer/BioNTech and Moderna vaccines for persons 250 years old and certain immunocompromised persons

February 28, 2022

Monoclonal Antibodies —
= FDA amends EUA for tixagevimab and cilgavimab to increase the recommended dose of each drug from 150 mg to 300 mg

mRNA Vaccines —

" CDC issues new guidance allowing for an interval of up to 8 weeks between the 15t and 2" primary doses of an mRNA vaccine in certain patients 12-64 years old, especially males 12-
39 years old

February 17, 2022

Monoclonal Antibodies —
= FDA issues EUA for bebtelovimab for IV treatment of mild to moderate COVID-19 in patients 212 years old who weigh 240 kg and are at high risk of progressing to severe disease,
including hospitalization and death, and for whom alternative treatment options are unavailable or inappropriate; bebtelovimab is active against the Omicron variant of SARS-CoV-2

Adenovirus-Vectored Vaccines —
= CDC recommends immunocompromised persons who received the J&J vaccine for their primary series should receive 1 dose of Pfizer/BioNTech or Moderna (100 mcg) vaccine >4
weeks after initial J&J vaccine dose; a booster dose with an mRNA vaccine (Pfizer/BioNTech or Moderna [50 mcg]) should be given 22 months after the additional mRNA dose

mRNA Vaccines —
= CDC recommends immunocompromised persons can receive a booster dose >3 months after completion of a 3-dose mRNA vaccine primary series

- Indicates change in selected section from last version in Table of Contents on next page
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Antivirals
FAVIPIRAVIR

REMDESIVIR
MOLNUPIRAVIR
Nirmatrelvir (PF-07321332)/Ritonavir

Convalescent Plasma

Intravenous Immune Globulin (IVIG

Monoclonal AntibOdIES..........ceviiiiiiiiiccee e,
LY-CoV555 (bamlanivimab) and LY-CoV016 (etesevimab)

REGN-COV-2 (REGEN-COV)
CASIRIVIMAB (REGN10933) and IMDEVIMAB (REGN10987)
AZD7442
Tixagevimab (AZD8895) and Cilgavimab (AZD1061)
VIR-7831 (Sotrovimab)
LY-CoV1404 (Bebtelovimab)
GM-CSF INNIDITOT.....eeiiiiiiiiiiiiee e

Lenzilumab

Glutathione and N-acetylcysteine
Stem Cell Therapy
MESENCHYMAL STEM CELL THERAPY

Vasoactive Intestinal Peptide
AVIPTADIL

Oleandrin
OLEANDRIN

Corticosteroids (systemic)
Inhaled Corticosteroids
IL-6 Inhibitors

SARILUMAB
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TOCILIZUMAB

IL-1 Receptor Antagonists
ANAKINRA

CANAKINUMAB

Bruton Tyrosine Kinase (BTK) Inhibitor
ACALABRUTINIB

Janus Kinase (JAK) INhiDItOrs..........ooovvvviiiiiiiiiiee
BARICITINIB

RUXOLITINIB
TOFACITINIB

TNF Inhibitors
TNF INHIBITORS

Anti-CD6 Monoclonal Antibody
ITOLIZUMAB

C5 Complement Inhibitor
RAVULIZUMAB

Antimalarials
CHLOROQUINE

HYDROXYCHLOROQUINE

Macrolide Antibiotic
AZITHROMYCIN

HIV Protease INNiDItOrS. ... ....oeeeeee e
ATAZANAVIR

DARUNAVIR/COBICISTAT
LOPINAVIR/RITONAVIR

Interferons and Ribavirin
INTERFERON BETA-1B

INTERFERON BETA-1A —
INHALED (SNG001)
INTERFERON ALPHA-2b (inhaled)

ANTPATASITIC.....ccovviiiiiiiiiiiii
IVERMECTIN
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Bradykinin Inhibitor ...
ICATIBANT

(0] [od o Tod [ [ S

Dipeptidyl Peptidase-4 (DPP-4) Inhibitors..............ccooeeeeeeeeeeenn.

Sodium-Glucose Co-Transporter 2 (SGLT2) Inhibitors ..............

H2-Receptor Antagonists (H2RAS) ......ceviiieiiiiiiiiiiiieeeeeeeeviin,
FAMOTIDINE

Selective Serotonin Reuptake Inhibitor (SSRI) ...........cccccceee.
FLUVOXAMINE

PrOgESIEIONE . ... i
Progesterone

= L] FS RPN
Atorvastatin

RV 417> 11 1SR
ASCORBIC ACID
ZINC
VITAMIN D
THIAMINE

ASPITIN (ASA) e
ASPIRIN

Nasal Saline Irmigation ..........coooeeeeieiieee e
MEIATONIN. ..ot
Benzalkonium ChIoride.........coooeeiiiiiiiiiiii e,
PovidoNe-10dINe ........cooiiiiiiiiiieeee e

Unfractionated Heparin (UFH) ........cccoooeiiiiiiiee e,
Heparin

Low Molecular Weight Heparin (LMWH) ..........ccccoeiiiiiiiniiiiiinnnnn.
Enoxaparin

Dalteparin

Factor Xa INNIDITON .. ... - 180 -

Fondaparinux

Renin-Angiotensin System (RAS) Inhibitors ...........c.ccccceeeeeeen. - 182 -
ANGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS

ANGIOTENSIN RECEPTOR BLOCKERS (ARBS)

Nonsteroidal Anti-inflammatory Drugs (NSAIDS) .............euvvveennes -191 -

Proton Pump INhibitors (PPIS) .......coviieeiiiiiiiceie e, -192 -

BIigUANIAE ... - 194 -
METFORMIN

Adenovirus-Vectored VacCiNeS...........ceeivieeiiieeiiiiiie e eeeeeciiiiinn - 196 -
CHIMPANZEE ADENOVIRUS-VECTORED COVID-19 (ChAdOx1 nCoV-19)
VACCINE (AZD1222)

RECOMBINANT ADENOVIRUS TYPE-5 (Ad5)-VECTORED COVID-19 VACCINE

ADENOVIRUS SEROTYPE 26 (Ad26) VECTOR-BASED COVID-19 VACCINE
(Ad26.COV2.5)(INJ-78436735)

MRNA VACCINES ...ttt e e e e e e aeenee - 215 -
MRNA-1273

BNT162b1 and BNT162b2

Adjuvanted Recombinant Nanoparticle Vaccine................cc........ - 282 -
NVX-CoV2373
INactivated VaCCINe ......ccoieeeiiiieiiiieie e - 286 -

Whole-Virus Inactivated SARS-CoV-2 Vaccine (WIV04 strain)
Whole-Virus Inactivated SARS-CoV-2 Vaccine (WIV04 strain)

DNA VACCINE ..ottt - 288 -
INO-4800
Adjuvanted Recombinant Protein-Based Vaccine....................... - 288 -

Adjuvanted Recombinant Protein-Based Vaccine
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INVESTIGATIONAL DRUGS

DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

FAVIPIRAVIR — AVIGAN
(FUJIFILM)

(updated 9/24/2020)

Dosage:
= 1600 mg PO bid on day 1, then 600
mg bid on days 2-71

= Some suggest a dosage of 2400-
3000 mg bid on day 1, then 1200-
1800 mg bid?

Q Cai et al. 2020!

Population: hospitalized, non-
severe (n=80)

Design: open-label, non-
randomized

Results: shorter viral clearance
time (4 vs 11 days) and
improvements in chest CT (91.4%
vs 62.2%) with favipiravir vs
lopinavir/ritonavir; results should
be interpreted with caution?

Chen et al. 20203

Population: hospitalized patients

(n=236)

Design:

= randomized, open-label

= favipiravir vs arbidol (an influenza
drug not available in the US); both
in addition to standard therapy

Results:

= clinical recovery rate at day 7 was
similar for favipiravir and arbidol
(51.67% vs 61.21%; p=0.1396)

= in patients with moderate disease,
clinical recovery rates were higher
with favipiravir than arbidol
(71.43% vs 55.86%; p=0.0199)

Limitations:

= not peer-reviewed

Ivashchenko et al. Clin Infect Dis
2020° (added 8/9/2020)

Adverse Effects:

= Elevated LFTs, diarrhea, nausea,
vomiting, chest pain and elevated
serum uric acid

Drug Interactions:

= May increase serum concentrations of
some drugs such as acetaminophen,
penicillins, tazobactam, repaglinide,
pioglitazone and rosiglitazone,
oseltamivir, theophylline, and
progestins

= Not FDA-approved and not available
yet in the US

= Approved in other countries for
treatment of influenza

= Russian Ministry of Health granted
conditional marketing authorization for
favipiravir (Avifavir) (added 8/9/2020)

= Viral RNA polymerase inhibitor

= Limited data available to date; may be
less effective for patients with more
severe disease

= Randomized controlled trial of
favipiravir alone and in combination
with tocilizumab ongoing in China

Pregnancy:
= Contraindicated for use in pregnant
women*

= Teratogenic effects in animal studies

= Men taking the drug should avoid
intercourse with pregnant women
during treatment and for at least 7 days
after the last dose

Medical
Lett
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS

Population: hospitalized patients

FAVIPIRAVIR (continued) with moderate COVID-19 pneumonia

in
Russia; 25% on supplemental oxygen
and 75% on ambient air (n=60)
Design: adaptive, multicenter,
randomized, open-label trial; results
from 60 patients in phase Il trial
presented
Favipiravir 1600 mg BID on day 1,
then 600 mg bid days 2-14,
favipiravir 1800 mg BID on day 1,
then 800 mg bid days 2-14, or
standard of care (75% received
hydroxychloroquine or
chloroquine)
Mean 6.7 days from start of
symptoms
Results:
Viral clearance (2 negative PCR
tests with at least a 24-hour
interval) was achieved by day 5 in
62.5% of patients taking favipiravir
vs 30.0% of those who received
standard of care (p=0.018)
Viral clearance by day 10 was
achieved in 92.5% of favipiravir-
treated patients vs 80.0% on
standard of care (p=0.155)
Limitations: interim results

Phase 3 Trial 2020%(added
9/24/2020)

Population: COVID-19 patients with
non-severe pneumonia in Japan
(n=156)

Design: randomized, placebo-
controlled, single-blind phase 3 trial
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS

Results: recovery time was 11.9 days
with favipiravir vs 14.7 days with
placebo (p=0.0136)

Limitations: preliminary data; trial
not yet published

Q Cai et al. Experimental treatment with favipiravir for COVID-19: an open-label control study. Available at :
https://www.researchgate.net/pulication/340000976_experimental_treatment_with_favipiravir_for_covid-19_an_open-label_control_study. Accessed April 2, 2020.

JM Sanders et al. Pharmacologic treatment for coronavirus disease 2019 (COVID-19). A review. JAMA 2020 April 13 (epub).

C Chen et al. Favipiravir versus arbidol for COVID-19: a randomized clinical trial. Available at: https://www.medrxiv.org/content/10.1101/2020.03.17.20037432v2.article-info. Accessed April
1, 2020.

FG Hayden and N Shindo. Influenza virus polymerase inhibitors in clinical development. Curr Opin Infect Dis. 2019; 32:176.

AA Ivashchenko et al. Avifavir for treatment of patients with moderate COVID-19: interim results of a phase II/Ill multicenter randomized clinical trial. Clin Infect Dis 2020 August 9 (epub).
Press release. Anti-influenza drug Avigan Tablet meets primary endpoint in phase Ill clinical trial in Japan for COVID-19 patients. Fujifilm. Available at:
https://www.fujifilm.com/jp/en/news/hq/5451. Accessed September 24, 2020.
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DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

REMDESIVIR -
VEKLURY (GILEAD)

(updated 1/24/2022)
Dosage!: (updated 1/24/2022)

Hospitalized:
Patients 212 years old or 240 kg:
200 mg IV on day 1, then 100 mg IV
once/day for a total of 5 days (not
on invasive mechanical ventilation
or ECMO) or 10 days (on
mechanical ventilation or ECMO)?

Pediatric patients weighing 3.5 kg-
<40 kg: 5 mg/kg on day 1, then 2.5
mg/kg once daily for 5 or 10 days

Outpatient:
Patients 212 years old or 240 kg:

200 mg IV on day 1, then 100 mg IV
once/day for a total of 3 days

Pediatric patients weighing 3.5 kg-
<40 kg: 5 mg/kg on day 1, then 2.5
mg/kg once daily for 3 days

Infuse over 30-120 minutes

Not recommended if eGFR <30
ml/min or ALT >10x ULN;
discontinue if signs and symptoms
of liver inflammation are observed

Monitor eGFR, hepatic function,
and prothrombin time before
starting and periodically during
treatment

Beigel et al. NEJM 20203 (added
5/4/20; updated 10/8/20)
Population: 1062 hospitalized
patients with evidence of lower
respiratory tract infection (85.0%
had severe disease)
Design:
randomized, double-blind,
placebo-controlled trial in US,
Europe and Asia
200 mg on day 1, then 100 mg
once/day days 2-10 or until
discharge or death
median time from symptom onset
to randomization was 9 days
Results :
recovery time shorter with
remdesivir (10 days vs 15 days with
placebo; 95% Cl 13 to 18)
the median number of days
between symptom onset and
randomization was 9; the benefit
of remdesivir was larger when
given earlier in the illness
Kaplan-Meier estimates of
mortality by day 29 were 11.4%
with remdesivir vs 15.2% with
placebo (HR 0.73; 95% Cl 0.52 to
1.03)
Effect appeared to be greatest in
hospitalized patients requiring
oxygen (baseline ordinal score of 5;
this category had largest sample
size); mortality difference between
remdesivir and placebo groups
appeared smaller in patients who
did not require oxygen (ordinal
score of 4) and in those who
required mechanical ventilation
(ordinal score of 6)

Adverse Effects: (updated 11/9/2020)

Elevated liver enzymes, increased
prothrombin time, hypokalemia,
headache, and infusion-related
reactions, including hypotension,
nausea, vomiting, sweating, and
shivering

European Medicine’s Agency is
evaluating cases of acute kidney injury
in patients treated with remdesivir, but
a causal relationship has not been
established; COVID-19 itself can also
cause kidney injury; the
Pharmacovigilance Risk Assessment
Committee (PRAC) safety review
concluded there is no evidence to
indicate remdesivir is associated with
kidney injury (updated 2/16/2021)

PRAC is investigating cases of sinus
bradycardia in patients taking
remdesivir after the Italian Medicines
Agency raised a safety signal (updated
2/16/2021)

Drug Interactions: (updated 6/18/2020)

No human drug trial conducted

Substrate for CYP2C8, CYP2D6, and
CYP3A4, and for Organic Anion
Transporting Polypeptides 1B1
(OAPT1B1) and P-glycoprotein (P-gp)

transporters in vitro.? Strong inducers of

these enzymes/transporters may
decrease serum concentrations of
remdesivir>® and inhibitors of these

Broad-spectrum nucleotide analog
prodrug that inhibits viral RNA
replication by blocking RNA-dependent
RNA polymerase

Has in vivo and in vitro activity against
Ebola virus and coronaviruses (MERS
and SARS) and in vitro activity against
SARS- CoV-2

Remdesivir FDA approved for
treatment of COVID-19 in hospitalized
patients 212 years old weighing >40
kg?? (updated 10/22/2020); indication
expanded to include patients with mild
to moderate COVID-19 who are not
hospitalized and are at high risk for
progression to severe COVID-19,
including hospitalization or death
(added 1/24/22)

To ensure continued availability of the
drug for pediatric patients, FDA revised
its Emergency Use Authorization (EUA)
to allow use of remdesivir for
treatment of COVID-19 in hospitalized
pediatric patients weighing >3.5 kg-<40
kg or < 12 years of age weighing 23.5
kg??? (updated 10/22/2020); indication
expanded to include patients with mild
to moderate COVID-19 who are not
hospitalized and are at high risk for
progression to severe COVID-19,
including hospitalization or death
(added 1/24/22)

NIH guidelines state there are
insufficient data to recommend for or

-8-
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DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

REMDESIVIR (CONTINUED)

NIH guidelines recommend a
duration of 5 days or until hospital
discharge’

Limitations: unclear if earlier use of
remdesivir would improve
outcomes; not powered to detect
differences in subgroups

J Grein et al. NEJM 20204
Population: 53 hospitalized patients
in US, Canada, Europe and Japan
with Sa0; £94% on O, or room air
(n=61)
57% on mechanical compassionate
ventilation
Design:
report on use
Results:
median follow-up 18 days
68% had improvement in O;
support class; 57% were
extubated; 47% discharged; 18%
died

JD Goldman et al. NEJM 2020°
Population: hospitalized patients
w/oxygen saturation <94% on
ambient air, radiologic evidence of
pneumonia
Design:
randomized, open-label (n = 397)
remdesivir x 5 days vs 10 days
Results:
baseline clinical status significantly
worse in patients in the 10-day
group
no significant differences between
5 and 10 days of treatment were
reported
64% in the 5-day group and 54% in
the 10-day group achieved clinical
improvement of 22 points on a 7-
point ordinal scale by day 14

enzymes/transporters could potentially
increase the risk of toxicity such as
hepatotoxicity4

Inhibitor of CYP3A4, OATP1B1,
OATP1B3, BSEP, MRP4, and NTCP

Clinical relevance has not been
established

FDA warns that coadministration of
remdesivir and chloroquine or
hydroxychloroquine may decrease the
antiviral activity of remdesivir;
concurrent use is not recommended??
(added 6/18/2020)

Pregnancy: (updated 11/9/2020)
In 86 pregnant and postpartum women
with severe COVID-19 who were
treated with compassionate-use
remdesivir, the rate of serious adverse
events was low’

No adverse effects on embryo-fetal
development were observed in animals

against routine use of remdesivir in
hospitalized patients who do not
require supplemental oxygen; use of
remdesivir may be appropriate for
patients who are at high risk for
diseases progression’ (updated
7/12/2021)

NIH guidelines recommend use of
remdesivir in hospitalized patients who
require supplemental oxygen, but it is
not routinely recommended in patients
who require mechanical ventilation’
(updated 12/6/2020)

NIH guidelines recommend that
patients recently hospitalized (i.e.,
within the previous 3 days) with COVID-
19 who have rapidly increasing oxygen
needs, require high-flow oxygen
therapy or noninvasive ventilation and
have increased markers of
inflammation receive dexamethasone
with or without remdesivir, plus either
tocilizumab or baricitinib. For patients
hospitalized who require invasive
mechanical ventilation or ECMO,
dexamethasone is recommended; for
those who were admitted to the ICU
<24 hours previously and require
invasive mechanical ventilation or
ECMO, dexamethasone plus
tocilizumab is recommended’ (updated
7/12/2021)

IDSA guidelines suggest use of
remdesivir in hospitalized patients with
severe, but not critical, COVID-19
(Sp025£94% on room air); they suggest
against routine initiation of remdesivir

-9-
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DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

REMDESIVIR (CONTINUED)

in a post-hoc analysis, among
patients on mechanical ventilation
or ECMO at day 5, 40% in the 5-day
group died by day 14 vs 17% in the
10-day group
Limitations: open-label, no placebo
group®®

Spinner et al. JAMA 2020'%16
(updated 8/23/2020)
Population: hospitalized patients
with moderate COVID-19
(pneumonia, but not reduced
oxygen levels) (n = 584)
Design: randomized, open-label;
remdesivir x 5 days or 10 days in
addition to standard care or
standard care alone
Results:
median duration of symptoms
before day 1 was 8 days in the
remdesivir groups and 9 days in
the standard care group
median duration of treatment was
5 days in the 5-day group and 6
days in the 10-day group
on day 11, the odds of a better
clinical status distribution on a 7-
point ordinal scale was significantly
higher in those treated with
remdesivir for 5 days than with
standard care (OR 1.65; 95% Cl
1.09-2.48; p=0.02); clinical
importance unclear
treatment with remdesivir x 10
days did not reach statistical
significance
Limitations: open-label; median
symptom duration at start of trial
was 8 days; only 38% of remdesivir

in patients on invasive ventilation
and/or ECMO; suggested duration of
treatment is 5 days in patients on
supplemental oxygen, but not
mechanical ventilation or ECMO and 10
days in patients on mechanical
ventilation or ECMO; they recommend
against routine use in hospitalized
patients not on supplemental oxygen'®
(updated 7/12/2021)

The manufacturer has initiated a phase
1a trial of an inhaled, nebulized
solution of remdesivir in healthy
volunteers; this trial is intended to form
the basis for further clinical studies of
this formulation in outpatients with
COVID-19*3 (added 7/9/2020)

In a case report, occurrence of a
mutation in RdRP polymerase following
failure of remdesivir in a patient with B-
cell immunodeficiency was described?!®
(added 9/28/2020)

NIH starting a trial (ACTIV-5 Big Effect
Trial) to evaluate use of remdesivir in
combination with the monoclonal
antibodies risankizumab or
lenzilumab?! (added 10/19/2020)

European Society of Intensive Care
Medicine expected to recommend
against routine use of remdesivir in
patients requiring critical care in
upcoming recommendations (added
11/13/2020)

FDA issued an Emergency Use
Authorization (EUA) for use of

-10-
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EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

REMDESIVIR (CONTINUED)

10-day group received the drug for
10 days

Olender et al. Clin Infect Dis 2020*%

(added 7/31/2020)
Population: hospitalized adults with
severe COVID-19 (oxygen saturation
<94% on room air or requiring
supplemental oxygen and pulmonary
infiltrates) (n=312 remdesivir; n=818
non-remdesivir)
Design: comparative analysis of 2
ongoing studies
a randomized, open-label phase 3
trial comparing 2 courses of
remdesivir and a retrospective
cohort study in patients receiving
standard-of-care
Results:
74.4% of remdesivir-treated
patients recovered at day 14 vs
59.0% of non-remdesivir-treated
patients (adjusted OR 2.03;
p<0.001)
7.6% of remdesivir-treated
patients died vs 12.5% in non-
remdesivir-treated patients
(adjusted OR 0.38; p=0.001)
Limitations: comparative analysis of
interim data sponsored by
manufacturer

Wang et al. Lancet 2020%3

(added 11/9/2020)

Population: hospitalized patients
with severe COVID-19 in China
(n=237; 453 planned)

Design: randomized, double-blind,
placebo-controlled multicenter trial

baricitinib, in combination with
remdesivir, for treatment of COVID-19
in hospitalized patients >2 years old
who require supplemental oxygen,
invasive mechanical ventilation or
ECMO?* (added 11/20/2020)

American College of Physicians (ACP)
practice points recommend remdesivir
should not be started in patients on
mechanical ventilation or ECMO (these
patients likely past the viral stage of the
illness); remdesivir for 5 days can be
considered for treatment of
hospitalized patients not on mechanical
ventilation or ECMO; use of remdesivir
for up to 10 days can be considered in
patients who require mechanical
ventilation or ECMO within the 5-day
course® (added 2/10/2021)

The manufacturer has stopped a trial of
IV remdesivir in high-risk non-
hospitalized patients; the trial was not
stopped for efficacy or safety reasons,
but because the manufacturer believes
outpatient administration of a
treatment that requires multiple days
of an IV infusion addresses an unmet
need (added 4/13/2021)

-11-
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REMDESIVIR (CONTINUED)

Remdesivir vs placebo x 10 days
Patients were also allowed to
received corticosteroids,
lopinavir/ritonavir, and interferon
Results:
Median time from symptom onset
to randomization 9 days with
remdesivir and 10 days with
placebo
Trial stopped before target
enrollment reached
No difference in time to clinical
improvement between groups (18
vs 23 days; HR 1.23, 95% Cl 0.87-
1.75)
The time to clinical improvement
was numerically, but not
statistically significantly, faster in
patients who received remdesivir
within 10 days of symptom onset
(HR 1.52, 95% Cl 0.95-2.43)
Limitations: small sample size; trial
stopped before enrollment reached

Inhaled Remdesivir (added
7/9/2020)
The manufacturer has initiated a
phase 1a trial evaluating
remdesivir in an inhaled, nebulized
formulation in healthy volunteers'?

NIH Adaptive COVID-19 Treatment
Trial 3 (ACTT 3) (added 8/9/2020)

A randomized, double-blind trial
comparing remdesivir plus

interferon beta 1a to remdesivir
alone has begun
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REMDESIVIR (CONTINUED)

Expected to enroll >1000 adults

NIH Adaptive COVID-19 Treatment

Trial 2 (ACTT-2) 2020 (added

9/18/2020)

Population: hospitalized patients

with COVID-19 (n>1000)

Design: Phase 3 randomized,

double-blind, placebo-controlled

trial
remdesivir plus baricitinib 4 mg vs
remdesivir alone

Results:
mean recovery time was about 1
day shorter with the combination
of remdesivir plus baricitinib
compared to remdesivir alone, a
statistically significant difference
the combination improved
outcomes at day 15 on an ordinal
scale compared to remdesivir
alone

Limitations: limited data available;

not yet published or peer reviewed

WHO SOLIDARITY 2020%(added
10/19/20; updated 12/2/2020)
Population: hospitalized patients with
COVID-19 at 405 hospitals in 30
countries (n=11,330 patients
randomized; n=2750 to remdesivir)
Design: randomized, open-label trial
evaluating remdesivir,
hydroxychloroquine,
lopinavir/ritonavir, and interferon-
beta 1a compared to local standard of
care
Results:

Remdesivir did not reduce mortality,

need for ventilation, or duration of

hospitalization
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REMDESIVIR (CONTINUED)

death rate ratio with remdesivir was
0.95 (95% C1 0.81-1.11; 301/2743
active vs 303/2708 control; p=0.50)
ventilation initiated after
randomization in 295 patients in the
remdesivir group vs 284 in the
control group
69% of patients who received
remdesivir were still hospitalized at
day 7 vs 59% in the control group
Limitations: interim analysis; open-
label; conducted in many varied
settings around the world; timing of
treatment initiation not standardized

BT Garibaldi et al. JAMA Netw Open
2021%8 (added 3/29/2021)
Population: consecutive adults
admitted with COVID-19 (n=2483)
Design: retrospective comparative
effectiveness study in a hospital
system in Baltimore, MD and
Washington, DC
Patients who received remdesivir
matched to individuals who did not
receive the drug
Results:
342 patients received remdesivir;
184 also received corticosteroids and
128 received remdesivir alone
80.7% of patients who received
remdesivir self-identified as non-
White race/ethnicity
Time to clinical improvement was
shorter in those treated with
remdesivir compared to matched
controls (5 days vs 7 days; adjusted
hazard ratio 1.47, 95% Cl 1.22-1.79)
28-day mortality rate was 7.7% (22
death) in remdesivir recipients and
14.0% (40 deaths) in matched
controls, the difference was not
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REMDESIVIR (CONTINUED)

statistically significant (adjusted
hazard ratio 0.70, 95% Cl 0.38-1.28)
Limitations: retrospective data

Gilead 2021
(added 6/29/2021)
Population: hospitalized patients with
COVID-19 (n=~100,000)
Design: data from 3 retrospective
studies
Results:
Lower risk for mortality in patients
given remdesivir compared to
controls in all 3 studies
Increased likelihood of hospital
discharge in patients given
remdesivir in 2 studies
Limitations: retrospective data; not
yet published

Barratt-Due et al. NOR-Solidarity Ann
Intern Med 20213%

(added 7/15/2021)

Population: hospitalized adults with
confirmed SARS-CoV-2 at 23 hospitals
in Norway (n=185)

Design: independent, add-on,
randomized controlled trial to WHO
Solidarity trial

Patients given remdesivir,
hydroxychloroquine, or standard of
care

Results:
No significant difference in mortality
during hospitalization between
groups
There was a decrease in SARS-CoV-2
oropharyngeal viral load during the
first week after randomization in all
groups; the decreases in viral load
and 10-day viral loads were similar
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REMDESIVIR (CONTINUED)

among remdesivir,
hydroxychloroquine, and standard of
care groups
Limitations: no placebo group, small
sample size

Ohl et al JAMA Netw Open 20213
(added 7/23/2021)
Population: US veterans hospitalized
with COVID-19 (n=2344)
Design: cohort study
Patients who initiated remdesivir vs
controls who did not
Results:
30-day mortality 12.2% in remdesivir
recipients and 10.6% in controls (log
rank p=.26)
Median time to hospital discharge 6
days in remdesivir recipients and 3
days in controls (p<0.001)
Limitations : retrospective data

Ader et al. DisCoVeRy Lancet Infect

Dis 202132

(added 9/20/2021)

Population: hospitalized adults with

COVID-19 iliness of any duration and

clinical evidence of hypoxemic

pneumonia or required oxygen

(n=857)

Design: phase 3, open-label, adaptive,

multicenter, randomized trial
Remdesivir 200 mg infusion on day
1, then 100 mg infusions once daily
x up to 9 days plus standard care vs
standard care only

Results:

At day 15, distribution on WHO scale

(remdesivir vs standard care alone):
Not hospitalized, no limitations on
activities (15% vs 17%)
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REMDESIVIR (CONTINUED)

Not hospitalized, no limitation on
activities (31% vs 32%)
Hospitalized, not requiring
supplemental oxygen (12% vs 7%)
Hospitalized, requiring
supplemental oxygen (18% vs 16%)
Hospitalized, non-invasive
ventilation or high-flow oxygen (4%
vs 3%)
Hospitalized, on invasive mechanical
ventilation or ECMO (15% vs 19%)
Death (5% vs 6%)
Difference between treatment
groups not statistically significant
(OR 0.98, 95% CI 0.77-1.25)
Limitations: open-label, not placebo-
controlled, variations in standard care

RL Gottlieb et al. (PINETREE) NEJM
202133,41
(added 9/23/2021; updated
12/23/2021)
Population: non-hospitalized patients
212 years old with COVID-19 with
symptom onset within the previous 7
days at high risk for disease
progression (n=562)
Design: phase 3, randomized, double-
blind, placebo-controlled trial
IV remdesivir x 3 days vs placebo
Results:
The primary endpoint of COVID-19
related hospitalization or death from
any cause by day 28 occurred in
0.7% (2/279) of patients treated with
remdesivir compared to 5.3%
(15/283) of those who received
placebo (hazard ratio 0.13, 95% ClI
0.07-0.56; p=0.008)
A COVID-19-related medically
attended visit by day 28 occurred in
1.6% (4/246) of patients given
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remdesivir and 8.3% (21/252) of
those given placebo (hazard ratio
0.19; 95% Cl 0.07-0.56)
No patients died by day 28
In a subgroup of 126 patients who
completed the FLU-PRO Plus
guestionnaire at baseline, 34.8% of
patients in the remdesivir group had
alleviation of symptoms by day 14
compared to 25.0% of those in the
placebo group
There were no significant differences
between the two groups in viral load
reduction
Limitations: limitations in
representation of groups potentially at
risk for severe COVID-19 in the trial
population; excluded vaccinated
patients; conducted before Delta or
Omicron; trial stopped early

MOLNUPIRAVIR
(Ridgeback Biotherapeutics/Merck)
(updated 12/23/2021)
Dosage:
800 mg (4 200-mg capsules) PO
twice daily x 5 days
Should be started as soon as

possible after diagnosis and within
5 days of symptom onset

Phase 2/3 efficacy and safety trials
underway in outpatients and
hospitalized patients; manufacturer
plans to continue to phase 3 trials in
outpatients, but not inpatients
(updated 4/15/2021)

Ridgeback/Merck 202126

Population: 202 outpatient adults with
confirmed COVID-19 with signs or
symptoms within 7 days
Design: phase 2a randomized, double-
blind, placebo-controlled trial
200, 400, or 800 mg of molnupiravir
or placebo
Results:
At day 5, infectious virus was
recovered on nasopharyngeal swab
from 0% of molnupiravir-treated
patients and 24% of placebo-treated
patients

No serious adverse events considered
related to the study drug were reported
in the phase 2a trial

Headache, nausea, diarrhea, and rash
were among the adverse effects reported
in a phase 1 trial?’

In the phase 3 trial (MOVe-OUT), the
most common adverse effects (occurring
in 6.3% of molnupiravir-treated patients
and 9.6% of placebo-treated patients
were COVID-19 pneumonia, diarrhea,
bacterial pneumonia; the most common
adverse effects deemed related to
molnupiravir were diarrhea, nausea, and
dizziness®” (updated 12/20/2021)

In the phase 3 MOVe-OUT trial, adverse

events were reported in 30.4% of patients

in the molnupiravir group and 33.0% of

Ribonucleoside analog that inhibits
replication of RNA viruses, including
SARS-CoV-2

Prodrug of the synthetic nucleoside
derivative B-D-N4-hydroxycytidine;
targets viral RNA polymerase, introducing
copying errors during viral RNA
replication

Merck/Ridgeback filed for FDA
emergency use authorization (EUA)
based on interim results of phase 3 trial
(MOVe-OUT) (added 10/11/2021)

UK Medicines and Healthcare products
Regulatory Agency (MHRA) authorized
molnupiravir for treatment of mild to
moderate COVID-19 (added 11/7/2021)
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Limitations: not yet published or peer
reviewed, phase 2a; small sample size

Al Bernal et al. (MOVe-OUT) NEJM
202134,37
(added 10/4/2021; updated
12/6/2021; updated 12/20/2021)
Population: non-hospitalized,
unvaccinated adults with mild to
moderate COVID-19 with symptom
onset <5 days before randomization
and 21 risk factor for poor disease
outcome (obesity, age 260 years,
diabetes, heart disease) (n=1433)
Design: phase 3 randomized, double-
blind, placebo-controlled trial
Molnupiravir 800 mg PO bid x 5 days
vs placebo
Results:
Trial stopped early based on interim
results
At the interim analysis, the risk of
hospitalization for any cause or
death through day 29 was 7.3%
(28/385) with molnupiravir vs 14.1%
(53/377) with placebo (difference -
6.8 percentage points; 95% ClI -11.3
to -2.4; p=0.001)
At the final analysis the risk of
hospitalization or death was 6.8%
(48/709) with molnupiravir vs 9.7%
(68/699) with placebo (difference
-3.0 percentage points; 95% CI -5.9
to-0.1)
1 death was reported in the
molnupiravir group and 9 deaths in
the placebo group through day 29
Efficacy appears similar among
Gamma, Delta, and Mu variants
In subgroup analyses, patients with
previous SARS-CoV-2 infection, low
baseline viral load, or diabetes did

patients in the placebo group® (updated
12/20/2021)

FDA issued an emergency use
authorization (EUA) for molnupiravir for
oral treatment of mild to moderate
COVID-19 in patients 218 years old who
are at high risk for progression to severe
disease and for whom alternative COVID-
19 treatment options authorized by the
FDA are not accessible or clinically
appropriate** (added 12/23/2021)

Not authorized for treatment in patients
hospitalized due to COVID-19%** (added
12/23/2021)

Not authorized for use in patients <18
years old because it may affect bone and
cartilage growth*>** (added 12/23/2021)

Pregnancy:

Molnupiravir may cause fetal harm and is
not recommended for use during
pregnancy

Molnupiravir caused embryofetal
lethality and teratogenicity in animal
studies

Females of childbearing potential should
use a reliable method of birth control
during treatment with molnupiravir and
for 4 days after stopping the drug

Males of reproductive potential who are
sexually active with females of
childbearing potential should use a
reliable method of birth control during
treatment with molnupiravir and for at
least 3 months after the last dose
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not appear to have better outcomes
with use of molnupiravir compared
to placebo
Pregnant patients were excluded
from the trial
Limitations: only unvaccinated
persons included; enrollment stopped
early based on interim results

Breastfeeding is not recommended
during treatment and for 4 days after the
last dose

Nirmatrelvir (PF-
07321332)/Ritonavir
(Paxlovid; Pfizer)

(Updated 12/22/2021)

Dosage:*°
Nirmatrelvir 300 mg (2 150-mg
tablets) plus ritonavir 100 mg PO
twice daily x 5 days

Should be started as soon as
possible and within 5 days of
symptom onset

Available as daily blister cards
containing 4 150-mg nirmatrelvir
tablets copackaged with 2 100-mg
ritonavir tablets

Moderate renal impairment (eGFR
>30 to <60 mL/min): reduce dose to
150 mg of nirmatrelvir and 100 mg
of ritonavir bid

Pfizer EPIC-HR Trial 20213536
(added 11/7/2021; updated
12/14/2021)
Population: non-hospitalized adults
with laboratory confirmed SARS-CoV-2
infection with mild to moderate
symptoms and at least 1 condition
associated with risk of severe illness
(n=2246)
Design: phase 2/3 randomized,
double-blind trial

Paxlovid or placebo bid x 5 days
Results:
Interim analysis (11/7)

n=1219

Trial stopped early for efficacy

In patients treated within 3 days of
symptom onset: 0.8% of patients
who received Paxlovid were
hospitalized (3/389 hospitalizations;
0 deaths) compared to 7.0% of
patients who received placebo and
were hospitalized or died (27/385
hospitalizations; 7 deaths) (p<0.001)

Adverse Effects:
In EPIC-HR trial, treatment emergent
adverse effects reported in 19% of
patients treated with Paxlovid and 21% of
those given placebo®?

Impaired sense of taste, diarrhea, high
blood pressure, muscle aches

Hepatotoxicity; hepatic transaminase
elevations, clinical hepatitis, and jaundice
have occurred with ritonavir

Use in patients with uncontrolled or
undiagnosed HIV infection may lead to
HIV-1 drug resistance

Drug Interactions:
Paxlovid is a CYP3A inhibitor

Contraindicated for use with drugs highly
dependent on CYP3A for clearance and
for which elevated concentrations are
associated with serious or life-threatening

SARS-CoV-2 protease inhibitor that blocks
the activity of SARS-CoV-2-3CL protease,
and enzyme needed for viral replication

Coadministration with ritonavir slows
metabolism of PF-07321332

Administered orally

FDA issued an emergency use
authorization (EUA) for nirmatrelvir
copackaged with ritonavir (Paxlovid) for
treatment of mild to moderate COVID-19
in patients 212 years old and 240 kg at
high risk for progression to severe COVID-
193839 (added 12/22/2021)

Pregnancy:
No available human data on use of
nirmatrelvir during pregnancy

Reduced fetal body weights observed
after oral administration of nirmatrelvir
to pregnant rabbits at systemic
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Severe renal impairment (eGFR <30
mL/min): not recommended

Severe hepatic impairment (Child-
Pugh Class C): not recommended

In patients treated within 5 days of
symptom onset: 1.0% of patients
who received Paxlovid were
hospitalized (6/607 hospitalizations;
0 deaths) compared to 6.7% of
patients who received placebo and
were hospitalized or died (41/612
hospitalizations; 10 deaths)
(p<0.001)

Final Analysis (12/14)
n=2246
In patients treated within 3 days of
symptom onset, hospitalization or
death occurred in 0.7% of patients
given Paxlovid (5/697 hospitalized/0
deaths) vs 6.5% of those given
placebo (44/682 hospitalized/9
deaths) (p<0.0001)
In patients treated within 5 days of
symptom onset, hospitalization or
death occurred in 0.8% of patients
given Paxlovid (8/1039
hospitalized/0 deaths) vs 6.3% of
those given placebo (66/1046
hospitalized/12 deaths) (p<0.0001)
In patients =65 years old,
hospitalization or death occurred in
1.1% of patients given Paxlovid (1/94
hospitalized/0 deaths) vs 16.3% of
those who received placebo (16/98
hospitalized/6 deaths) (p<0.0001)
In a subgroup analysis of 499
patients, Paxlovid reduced viral load
aout 10-fold relative to placebo

Limitations: not yet published or peer-

reviewed

Pfizer EPIC-SR Trial 20213¢

(added 12/14/2021)
Population: unvaccinated adults at
standard risk and vaccinated adults

reactions (see fact sheet for table of drug
interactions)*°

Nirmatrelvir and ritonavir are CYP3A
substrates; Paxlovid is contraindicated for
use with potent CYP3A inducers which
may reduce plasma concentrations of
nirmatrelvir or ritonavir and result in loss
of virologic response or possible
resistance (see fact sheet for table of drug
interactions)*°

exposures 10x higher than authorized
human dose

Ritonavir may reduce efficacy of
combined hormonal contraceptives; an
alternative contraceptive method or
additional barrier method should be used

-21-

Rl The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.



DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS

with 21 risk factor for progressing to
severe disease (n=673)
Design: phase 2/3 trial
Paxlovid vs placebo
Results:
Did not meet the primary endpoint
of self-reported, sustained
alleviation of all symptoms for 4
consecutive days, compared to
placebo
Paxlovid reduced hospitalization by
70% compared to placebo, a
secondary endpoint
10-fold decrease in viral load
compared to placebo
Limitations: not yet published or peer
reviewed
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CONVALESCENT PLASMA
(updated 12/22/2021)
Dosage:
Only high titer convalescent plasma

should be used

One or two 200-ml infusions®

Case series of 5 critically ill patients
with COVID-19 and ARDS in China;
administration of convalescent
plasma improved clinical status
(e.g., body temperature
normalized, viral load decreased,
antibody titers increased, ARDS
resolved, weaning from
mechanical ventilation).?

Case series of 10 patients with
severe COVID-19; clinical
symptoms improved within 3 days
and improvement in lung lesions
reported within 7 days3

Li et al. JAMA 20207(added
8/16/2020)
Population: hospitalized patients in
China with severe or life-threatening
COVID-19 (n=103)
Design: open-label, multicenter,
randomized trial
Convalescent plasma plus standard
treatment vs standard treatment
alone
Plasma units with an S-RBD—
specific I1gG titer of at least 1:640
were used
Median time from symptom onset
to randomization: 30 days
Results:
Trial stopped early
Clinical improvement within 28
days occurred in 51.9% of patients
treated with convalescent plasma
vs 43.1% of those given standard

Adverse Effects:
No severe adverse effects were
reported in case series

Risks expected to be similar to those of
other transfusions

Transfusion-transmissible infection risk
is very low in the US

Allergic transfusion reactions,
transfusion associated circulatory
overload (TACO), and transfusion
related acute injury (TRALI)

Theoretical risk of antibody-dependent
enhancement (ADE) presumably due to
antibodies from previous infection with
other coronaviruses

May lower natural immune response
when given for prophylaxis

In an evaluation of 20,000 hospitalized
patients administered convalescent
plasma under the US FDA expanded
access program, serious adverse events
included transfusion reactions (n=89,
<1%), thromboembolic or thrombotic
events (n=87, <1%), and cardiac events
(n=680, ~3%); 37 TACO events, 20 TRALI
events, and 26 severe allergic reactions
occurred; mortality rate was higher in
more critically ill patients'® (added
10/1/2020)

Passive antibody therapy by infusion of
convalescent plasma may prevent
infection or reduce severity of illness?

Used previously for treatment of SARS-
CoV-1, MERS, Ebola, and HIN1
influenza

Most likely to be effective when given
as prophylaxis or early in the course of
disease

Clinical trials underway in the US

NIH guidelines recommend against use
of low-titer COVID-19 convalescent
plasma* (updated 4/23/2021)

NIH guidelines recommend against use
of convalescent plasma in mechanically
ventilated patients* (updated
4/23/2021)

NIH guidelines recommend against use
of high-titer convalescent plasma for
treatment of patients who do not
require mechanical ventilation, except
in a clinical trial* (updated 4/23/2021)

NIH guidelines state there are
insufficient clinical data to recommend
either for or against use of high-titer
convalescent plasma in hospitalized
patients with COVID-19 who have
impaired immunity*'! (updated
4/23/2021)
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CONVALESCENT PLASMA (continued)

treatment alone, not a statistically
significant difference (p=0.26)
In those with severe disease,
clinical improvement occurred in
91.3%
with convalescent plasma vs 68.2%
with standard care alone (p-0.03)
and in those with life-threatening
disease in 20.7% vs 24.1% (p=0.83)
28-day mortality was 15.7% with
convalescent plasma vs 24.0% with
standard care (p=0.30)
Negative conversion rate of viral
PCR at 72 hours was 87.2% with
convalescent plasma vs 37.5% with
standard care (p<0.001)
Limitations: trial stopped early
before full enrollment reached; open
label; time from symptom onset 30
days

A Gharbharan et al. ConCOVID,
MedRxiv 2020*3(added 10/14/2020)
Population: hospitalized patients in
the Netherlands (n=86)

Design: open-label, randomized trial
convalescent plasma vs standard
care

Results:

Trial stopped early; SARS-CoV-2
neutralizing antibody titers of
participant and convalescent
plasma were comparable
53/66 patients tested had SARS-
CoV-2 antibodies at baseline;
symptomatic for 10 days at the
time of inclusion

No difference in mortality,
duration of hospitalization, or
disease severity

Surviving Sepsis Campaign guidelines
suggest against routine use of
convalescent plasma in critically ill
adults®

IDSA guidelines recommend use of
convalescent plasma in ambulatory
patients with mild-to-moderate COVID-
19 only in the context of a clinical trial;
they recommend against use in
patients hospitalized with COVID-19*?
(updated 4/15/2021)

FDA issued an Emergency Use
Authorization for convalescent
plasma®® (added 8/19/2020)

NIH released statement following FDA
EUA (Sept 1, 2020) stating insufficient
data to recommend for or against use
of convalescent plasma for COVID-19,
Serious adverse effects infrequent, but
long-term risks, including whether use
of convalescent plasma attenuates the
immune response to SARS-Co-V-2
making patients more susceptible to
reinfection, are unknown

FDA EUA revised to limit use to only high
titer convalescent plasma for treatment
of hospitalized patients early in the
disease course and to those hospitalized
patients who have impaired humoral
immunity and cannot produce and
adequate antibody response” (added
2/10/2021)

WHO recommends against use of
convalescent plasma for treatment of
non-severe COVID-19 patients; it should
only be used in clinical trial for severe
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CONVALESCENT PLASMA (continued)

Limitations: trial stopped early; not
peer reviewed

A Agarwal et al. PLACID, BMJ

2020 (updated 10/26/2020)
Population: hospitalized patients in
India with moderate COVID-19
(Pa02/FiO2 ratio 200-300 mm Hg or
respiratory rate > 24/min with
oxygen saturation £93% in room air)
(n=464)

Design: open-label, multicenter,
phase 2, randomized controlled trial
convalescent plasma (2 doses of

200 mL each, transfused 24 hrs
apart) plus standard care vs
standard care alone
administered within 3 days of
symptom onset

Results:
Composite outcome (progression
to severe disease or all-cause
mortality at 28 days) was 19% with
convalescent plasma vs 18% with
standard care (risk difference
0.008, 95% Cl -0.062-0.078; risk
ratio 1.04, 95% Cl 0.71-1.54)
More patients treated with
convalescent plasma had
resolution of shortness of breath
(76% vs 66%; 95%) and fatigue
(73% vs 60%) at day 7 compared to
standard care; differences in
resolution of fever and cough were
not significantly different between
groups
Negative conversion of SARS-CoV-2
RNA at day 7 was higher in patients
given convalescent plasms

and critical COVID-19 patients; according
to WHO, current evidence shows it does
not improve survival or reduce the need
for mechanical ventilation, but has
significant costs?? (added 12/10/2021)

Pregnancy:
Clinical trials ongoing evaluating use in
pregnant women
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CONVALESCENT PLASMA (continued)

compared to those who were not
(68% vs 55%; 95% Cl 1.04-1.5)
83% had detectable neutralizing
antibodies at enroliment
Limitations: open-label; presence
and level of neutralizing antibodies
not measured before administration

MJ Joyner et al NEJM 20203
(added 8/17/2020; updated
1/18/2021)
Population: hospitalized patients
>18 years old in the US who had or
were at high risk of progressing to
severe or life-threatening COVID-19
(n=3082)
Design: open-label exploratory
analysis of patients who received
convalescent plasma through an
Expanded Access Program in the US
Results:
52.3% of patients in ICU; 27.5% on
mechanical ventilation
Death within 30 days after plasma
transfusion occurred in 115 of 515
patients (22.3%) in the high-titer
group, 549 of 2006 (27.4%) in the
medium-titer group, and 166 of
561 (29.6%) in the low-titer group
Transfusion with high-titer plasma
was associated with a lower risk of
death than low-titer plasmain
patients not on mechanical
ventilation (relative risk 0.66; 95%
C10.48-0.91)
There was no effect on the risk of
death in patients who were on
mechanical ventilation (relative
risk 1.02; 95% Cl1 0.78-1.32)

The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.

-27 -



DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS COMMENTS

CONVALESCENT PLASMA (continued)

30-day mortality was lower in
patients who received a
transfusion within 3 days after
diagnosis than in those who
received a transfusion >4 days
after diagnosis
Limitations: retrospective, no
control arm; only limited amount of
total data available at the time of
this analysis

VA Simonovich et al. PlasmAr. NEJM

2020% (added 11/28/2020)
Population: hospitalized adults in
Argentina with severe COVID-19
pneumonia (Sa02<93% on ambient
air, Pa02:Fi02 <300 mm Hg, SOFA or
mSOFA score of 22 points above
baseline) (n=334)
Design: randomized, double-blind,
placebo-controlled multicenter trial
convalescent plasma or placebo in
addition to usual therapy
Results:
Median time from onset of
symptoms to enrollment was 8
days
>95% of transfused convalescent
plasma units had a total anti-SARS-
CoV-2 antibody titer of at least
1:800
No significant difference in clinical
status after 30 days between the
two groups (p=0.46)
Overall mortality was 10.96% and
11.43% in the convalescent plasma
group and placebo group,
respectively
Infusion reactions occurred in 4.8%
of patients given convalescent
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CONVALESCENT PLASMA (continued)

plasma vs 1.9% of those given
placebo
Limitations: only in patients with
severe disease; usual therapy not
standardized

P Janiaud et al. JAMA 2021

(added 2/27/2021)
Population: patients with COVID-19 in
any treatment setting treated with
convalescent plasma or control
(n=1060)
Design: meta-analysis of 4 peer-
reviewed, published, randomized
clinical trials
Results:
Risk ratio for mortality was 0.93
In a secondary analysis, with
addition of 6 unpublished trials
(n=10,772), risk ratio for mortality
was 1.02
Convalescent plasma was not
associated with improvement in
length of hospitalization, mechanical
ventilation use, clinical
improvement, or clinical
deterioration
Limitations: meta-analysis; reporting
of clinical outcomes inconsistent
across trials; data too limited for
analysis of high-titer plasma

R Libster et al. NEJM 20218
(added 2/28/2021)
Population: older adults with mild
COVID-19 within 72 hours after
symptom onset (n=160)
Design: randomized, double-blind,
placebo-controlled trial
High-titer convalescent plasma vs
placebo
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CONVALESCENT PLASMA (continued)

Results:
Severe respiratory disease
developed in 16% of patients who
received convalescent plasma vs
31% who received placebo (RR 0.52;
95% Cl 0.29-0.94, p=0.03)
Trial stopped early at 76% of
projected sample size due to lack of
patient enrollment after local COVID-
19 infection rates dropped
Limitations: trial stopped early; only
mild cases

RECOVERY Group Lancet 2021%°

(added 5/19/2021)

Population: hospitalized patients with

COVID-19 in the UK (n=11558)

Design: randomized, controlled, open-

label, platform trial
High-titer convalescent plasma plus
usual care vs usual care alone

Results:
28-day mortality rate ratio was not
significantly different between the
convalescent plasma and usual care
groups (24% vs 24%; rate ratio 1.00,
95% Cl 0.93-1.07 p=0.95)
There was no significant difference
between groups in the proportion of
patients discharged from the
hospital within 28 days (66% vs 66%;
rate ratio 0.99, 95% Cl 0.94-1.03;
p=0.57)
The proportion of patients who were
not on invasive mechanical
ventilation at baseline meeting a
composite endpoint of progression
to invasive mechanical ventilation or
death was 29% in the convalescent
plasma group and 29% in the usual
care group (rate ratio 0.99, 95% ClI
0.93-1.05; p=0.79)
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CONVALESCENT PLASMA (continued)

There were no differences in

mortality noted in any subgroup

analyses including duration of

symptoms before randomization
Limitations: only hospitalized patients
studied

Korley et al. SIREN-C3PO NEJM 2021%°

(added 9/8/2021)
Population: patients treated in the
emergency department for COVID-19
symptoms (<7 days after symptom
onset) who were 250 years old or had
>1 risk factor for disease progression
(n=511)
Design: randomized, multicenter,
single-blind trial
Patients received 1 unit of high-titer
convalescent plasma or placebo
Results:
Disease progression within 15 days
after randomization occurred in 77
patients (30.0%) treated with
convalescent plasma and 81 patients
(31.9%) given placebo (risk
difference, 1.9 percentage points;
95% credible interval -6.0 to 9.8;
posterior probability of superiority of
convalescent plasma 0.68)
Limitations: single-blind trial; failure
could have resulted from conditions
other than COVID-19; optimal timing,
dose, patient population for
convalescent plasma unknown

REMAP-CAP JAMA 2021%

(added 10/12/2021)

Population: critically ill patients with
COVID-19 (n=2011)

Design: international, open-label,
adaptive platform, randomized clinical
trial
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CONVALESCENT PLASMA (continued)

2 units high-titer convalescent
plasma vs no convalescent plasma
Results:
Median number of organ support-
free days with convalescent plasma
was 0 (IQR -1 to 16) and 3 (IQR -1 to
16) with no convalescent plasma
In-hospital mortality rate was 37.3%
with convalescent plasma and 38.4%
without convalescent plasma
Median-adjusted OR was 0.97 (95%
credible interval 0.83-1.15) and the
posterior probability of futility (OR
<1.2) was 99.4% for convalescent
plasma compared to no
convalescent plasma
Trial was stopped when prespecified
criteria for futility was met
Limitations: open-label; critically ill
patients only; days from symptom
onset unknown; 85.6% of patients in
treatment group received treatment
per protocol and 0.6% in no treatment
group received treatment

DJ Sullivan et al. medRxiv 2021

(added 12/22/2021)

Population: outpatient adults with

COVID-19 with symptom onset <8 days

before enrolment (n=1225

randomized patients; 1181 transfused
patients pre-specified modified ITT
analysis)

Design: randomized, double-blind trial
High-titer convalescent plasma
(greater than 1:320 SARS-CoV-2
spike protein titers) vs placebo
control plasma

Results:

In ITT analysis, COVID-19-related
hospitalization within 28 days
occurred in 2.9% (17/592) patients
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infused with convalescent plasma
and 6.3% (37/589) of those who
received placebo control plasma
(relative risk 0.46; one sided 95%
upper bound confidence interval
0.733; p=0.004)
Limitations: not yet published or peer
reviewed; outcome only evaluated
hospitalization not deaths;
hospitalization rate in control group
lower than US average

ARDS = acute respiratory distress syndrome
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WHO recommends against the use of convalescent plasma to treat COVID-19. 7 December 2021. Available at: https://www.who.int/news/item/07-12-2021-who-recommends-against-the-
use-of-convalescent-plasma-to-treat-covid-19. Accessed December 10, 2021.

DJ Sullivan et al. Randomized controlled trial of early outpatient COVID-19 treatment with high-titer convalescent plasma. medRxiv 2021 December 21 (epub). Available at:
https://www.medrxiv.org/content/10.1101/2021.12.10.21267485v1. Accessed December 22, 2021.

-33-
The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.


https://covid19treatmentguidelines.nih.gov/
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-process-cber/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/vaccines-blood-biologics/investigational-new-drug-ind-or-device-exemption-ide-process-cber/recommendations-investigational-covid-19-convalescent-plasma
https://www.fda.gov/media/141477/download
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7368917/pdf/main.pdf
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.medrxiv.org/content/10.1101/2020.07.01.20139857v1
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma-reflect-new-data
https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma-reflect-new-data
https://www.who.int/news/item/07-12-2021-who-recommends-against-the-use-of-convalescent-plasma-to-treat-covid-19
https://www.who.int/news/item/07-12-2021-who-recommends-against-the-use-of-convalescent-plasma-to-treat-covid-19
https://www.medrxiv.org/content/10.1101/2021.12.10.21267485v1

DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

Intravenous Immune Globulin (IVI

INTRAVENOUS IMMUNE GLOBULIN
(IVIG)
(added 6/8/2020)

Dosage:
= Optimal dosage for COVID-19
unclear

= Phase 3 trial of Octagam will use a
dosage of 0.5 g/kg IV infusion over
2 hours x 4 days

W Cao et al. Open Forum Infect Dis
2020*

Population: Hospitalized patients in
China with severe disease and
deteriorating course (n = 3)

Design: Case series; patients
received IVIg at the start of
respiratory distress

Results: all 3 patients had clinical
improvement; no fever within 1-2
days, alleviation of breathing
difficulties in 3-5 days

Limitations: small case series, 2
patients also received antivirals, 1
received steroids

Xie et al. J Infect 20202

Population: ICU patients with severe
or critical illness in Wuhan, China
(n=58)

Design: retrospective review of 58
cases

Results: administration of IVIG
within 48 hrs of hospital admission
was associated with reduced 28-day
mortality, shorter hospital stay, and
reduced ventilator use compared to
administration after 48 hours
Limitation: small retrospective study

Shao et al. 20203

Population: Hospitalized severely
and critically ill patients (n=325)
Design: multicenter retrospective

Adverse Effects: rarely can case
anaphylaxis, aseptic meningitis, renal
failure, thromboembolism, hemolytic

reactions, transfusion-related lung injury

= Used for treatment of immune

disorders and as an adjunct for
treatment of severe pneumonia in
influenza patients; modulates immune
inflammation, improves passive
immunity

Existing IVIG product unlikely to
contain antibodies against SARS-CoV-2

FDA approved an investigational new
drug application (IND) for a phase 3
trial with Octagam 10% in COVID-19
patients with severe disease
progression (Sp02<93%, requiring
oxygen supplementation)*

Surviving Sepsis Campaign guidelines
suggest against routine use of standard
IVIG in critically ill adults®

NIH guidelines recommend against use
of non-SARS-CoV-2-specific IVIG
outside of the context of a clinical trial
for treatment of COVID-19; they state
this should not preclude use of IVIG
when otherwise indicated for
treatment of complications arising
during the course of COVID-19 illess®

NIH guidelines state there are
insufficient data to recommend for or
against use of SARS-CoV-2
immunoglobulins® (added 7/22/2020)

= Shortages have been an issue (even
prior to COVID-19)

cohort study
Results:
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IVIG not associated with improved
INTRAVENOUS IMMUNE GLOBULIN 28- or 60-day mortality compared
(IVIG) (CONTINUED) to no IVIG in overall cohort
Duration of hospitalization and
disease were longer in patients
treated with IVIG than in those
who were not
In a subgroup analysis, IVIG was
associated with reduced 28-day
mortality in critically ill patients
Limitation: not peer reviewed, IVIG
group more likely to have coronary
heart disease and severe COVID-19

1. W Cao et al. High-dose intravenous immunoglobulin as a therapeutic option for deteriorating patients with coronavirus disease 2019. Open Forum Infect Dis 2020; 7:0faal02.

2. Y Xie et al. Effect of regular intravenous immunoglobulin therapy on prognosis of severe pneumonia in patients with COVID-19. J Infec 2020 April 10 (epub).

3. Shao et al. Clinical efficacy of intravenous immunoglobulin therapy in critical patients with COVID-19: a multicenter retrospective cohort study. 2020 April 13. Available at
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3576827. Accessed June 17, 2020.

4. FDA approves Octapharma USA investigational new drug application for severe COVID-19 patients. Press release May 20, 2020. Available at: https://www.octapharma.com/news/press-
release/2020/fda-approves-octapharma-usa-investigational-new-drug-application/. Accessed June 8, 2020.

5. W Alhazzani et al. Surviving Sepsis Campaign: guidelines on the management of critically ill adults with COVID-19. Crit Care Med 2020 March 27 (epub). Available at:
https://journals.lww.com/ccmjournal/abstract/onlinefirst/surviving_sepsis_campaign__guidelines_on_the.95707.aspx. Accessed June 8, 2020.

6. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed July 22, 2020.
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LY-CoV555 (bamlanivimab) and LY- NIH ACTIV-21 Infusion reactions (pruritis, flushing, LY-CoV555 and LY-CoV016 are
CoV016 (etesevimab) Phase 2 trial rash, facial swelling) investigational monoclonal antibodies

(Eli Lilly/AbCellera)
(updated 1/25/2022)

**FDA has limited bamlanivimab and
etesevimab for use only in patients
likely to have been infected with or
exposed to a variant susceptible to
these treatments; bamlanivimab and
etesevimab are highly unlikely to be
effective against the Omicron variant
and are not authorized for use in the
US at this time (updated 1/25/2022)

Bamlanivimab:” (EUA for
bamlanivimab alone revoked
4/16/2021)
(added 11/23/2020)
Single 700 mg IV infusion given over
at least 60 minutes

Patients should be monitored for
hypersensitivity reactions during
infusion and for at least 1 hour after
completion

Should be given as soon as possible
after a SARS-CoV-2 positive test
result and within 10 days of COVID-
19 symptom onset

Patients should be treated in facility
staffed and equipped to manage
anaphylaxis

Expected to enroll 200 outpatients
with mild to moderate COVID-19
symptoms for < 10 days
LY-CoV555 vs placebo

BLAZE-4 Trial® (added 1/29/2021)
Randomized, double-blind, phase 2
trial in patients with mild to
moderate COVID-19
Trial expanded to evaluate
bamlanivimab in combination with
VIR-7831, a monoclonal antibody
that binds to a different region of
the spike protein than
bamlanivimab
VIR-7831 is being developed by
GSK and Vir Biotechnology
The manufacturer states VIR-7831
has a high barrier to resistance

ACTIV-3/TICO LY-CoV555 Study
Group. NEJM 2020 (NIH ACTIV-3)*
(updated 1/1/2021; updated
3/14/2021)
Trial stopped based on review of
data that suggested the antibody is
unlikely to improve clinical
outcomes in hospitalized patients
Population: hospitalized patients
with COVID-19 without end-organ
failure (n=314)
Design: Randomized, platform trial
of therapeutic agents
LY-CoV555 7000 mg vs placebo;
both groups received standard

Hypersensitivity reactions including
anaphylaxis have occurred

Clinical worsening of COVID-19 has
been reported after administration of
bamlanivimab; it has not been
established if these events were related
to use of bamlanivimab use or COVID-
19 (added 2/10/2021)

Adverse effects reported with
bamlanivimab and etesevimab given
together include nausea, dizziness,
pruritis, and rash (added 2/10/2021)

for treatment of COVID-19

Discovered in a blood sample from a
recovered COVID-19 patient

LY-CoV555 and LY-CoV016 bind
different regions of the SARS-CoV-2
spike protein

FDA updated the emergency use
authorization (EUA) for bamlanivimab
(LY-CoV555) for treatment of mild to
moderate COVID-19 in adults and
pediatric patients, including newborns
(previously authorized only in persons
>12 years old ), who test positive for
SARS-CoV-2 and who are at high risk for
progressing to severe COVID-1971843;
FDA revoked EUA for bamlanivimab
when administered alone based on
sustained increase of SARS-CoV-2 viral
variants resistant to bamlanivimab
alone?* (updated 12/5/2021)

FDA EUA updated to authorize use of
bamlanivimab and etesevimab for post-
exposure prophylaxis for COVID-19 in
adults and pediatric patients, including
newborns (previously authorized only
in persons 212 years old), who are at
high risk for progression to severe
COVID-19, who are not fully vaccinated
or who are not expected to mount an
adequate immune response (e.g.,
people with immunocompromising
conditions or taking
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Bamlanivimab and Etesevimab?®®
(added 12/5/2021)
700 mg of bamlanivimab and 1400
mg of etesevimab given together as
a single IV infusion (for adults 218
years old and <18 years old who
weigh >40 kg)
>20 mg to <40 kg: 350 mg
bamlanivimab and 700 mg
etesevimab
>12 kg to 20 kg: 175 mg
bamlanivimab and 350 mg
etesevimab
1 kgto 12 kg: 12 mg/kg
bamlanivimab and 24 mg/kg
etesevimab

Authorization of the 700/1400 mg
dose was based on analysis of pre-
clinical, clinical, and virologic data
and pharmacokinetic/
pharmacodynamic modeling
suggesting it would have similar
clinical effects to a 2800/2800 mg
dose of bamlanivimab and
etesevimab

Patients should be monitored for
hypersensitivity reactions during
infusion and for at least 1 hour after
completion

Should be given as soon as possible
after a SARS-CoV-2 positive test
result and within 10 days of COVID-
19 symptom onset

Patients should be treated in facility
staffed and equipped to manage
anaphylaxis

care including remdesivir, oxygen,
steroids

Results:
Data safety and monitoring board
recommended stopping
enrollment for futility after 314
patients were randomized and
received an infusion (163 to LY-
CoV555 and 151 to placebo)
Median interval since onset of
symptoms was 7 days
Distribution of patients across 7
categories of the pulmonary
ordinal outcome were similar
between groups at day 5
50% (81/163) who received LY-
CoV555 vs 54% (81/151) who
received placebo were in 1 of the 2
most favorable categories
The odds ratio of being in a more
favorable category in the LY-
CoV555 group than in the placebo
group was 0.85 (95% Cl 0.56-1.29;
p=0.45)
The percentage of patient with the
primary safety outcome
(composite of death, serious
adverse events, or clinical grade 3
or 4 adverse events through day 5)
was similar between the groups
(19% LY-CoV555 group vs 14%
placebo group; OR 1.56, 95% ClI
0.78-3.10, p=0.20

Limitations: preliminary report; trial

stopped early; wide CI for safety

endpoint

BLAZE-2Y(updated 1/24/2021)
Population: residents and staff of
nursing homes who tested negative

immunosuppressants), and who have
been in close contact with a person
with SARS-CoV-2 or who are at high risk
for exposure because of occurrence of
SARS-CoV-2 in other persons in the
same institutional setting (e.g., nursing
homes, prisons)*** (updated
12/5/2021)

Bamlanivimab and etesevimab not
authorized for use in patients who are
hospitalized or require oxygen therapy
for COVID-19; monoclonal antibodies
may be associated with worse clinical
outcomes when administered to
hospitalized patients with COVID-19
requiring high flow oxygen or
mechanical ventilation (added
2/10/2021)

NIH guidelines recommend against use
of bamlanivimab monotherapy &
(updated 4/12/2021)

NIH guidelines recommend against use
of bamlanivimab plus etesevimab due
to an increase in the proportion of
Gamma (P.1) and Beta (B.1.351), which
have reduced susceptibility to
bamlanivimab and etesevimab®
(updated 7/12/2021)

NIH guidelines recommend use of
casirivimab plus imdevimab or
sotrovimab for treatment of patients
with mild to moderate COVID-19 not
requiring hospitalization or
supplemental oxygen who are at high
risk of clinical progression® (updated
7/12/2021)
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

for SARS-CoV-2 at baseline (n=965;

299 residents and 666 staff)

Design: ongoing randomized, phase

3 trial evaluating bamlanivimab for

COVID-19 prophylaxis
Bamlanivimab 4200 mg vs placebo

Results:
Frequency of symptomatic COVID-
19 at 8 weeks was significantly
lower with bamlanivimab than
placebo (odds ratio 0.43;
p=0.00021); for the subgroup of
nursing home residents OR was
0.20 (p=0.00026)
4 deaths occurred in the placebo
group and 0 in the treatment
group

Limitations: interim results; not

peer-reviewed or published

Chen et al. NEJM (BLAZE-1)
2020%*5(updated 10/29/2020)
Population: outpatients with mild to
moderate COVID-19 (n=452)
Design: phase 2 randomized,
double-blind, placebo-controlled
Monotherapy cohort: LY-CoV555
700 mg, 2800 mg, or 7000 mg vs
placebo
Combination cohort: LY-CoV555
plus LY-CoV016; 2800 mg of each
antibody (n=112) vs placebo
(n=156)
Results:

Monotherapy Cohort (Chen et al
NEJM 2020): (updated 10/29/2020)
Infusion given median of 4 days
after onset of symptoms (>80%

had mild symptoms)

In situations where logistical constraints
exist and eligible patients must be
triaged, NIH guidelines suggest:®
(added 9/7/2021)
Treatment of COVID-19 be prioritized
over post-exposure prophylaxis
Prioritizing unvaccinated or
incompletely vaccinated persons at
high risk of progressing to severe
COVID-19 and vaccinated persons
not expected to mount an adequate
immune response (e.g.,
immunocompromised persons) over
vaccinated persons who are
expected to mount an adequate
immune response

IDSA guidelines suggest
bamlanivimab/etesevimab or
casirivimab/imdevimab or sotrovimab
among ambulatory patients with mild
to moderate COVID-19 at high risk for
progression to severe disease; local
variant susceptibility should be
considered in choosing an agent'®
(updated 7/12/2021)

NIH ACTIV-3 trial of LY-CoV555 in
hospitalized patients, which was
previously paused because of a
potential safety concern, has now been
stopped because of insufficient
evidence that the antibody improved
clinical outcomes; no significant
differences in safety outcomes were
reported in updated dataset (updated
10/27/2020)
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

Change from baseline in viral load
at day 11 was statistically
significant compared to placebo
with the 2800 mg dose only (-0.53;
95%Cl -0.98 to -0.08; p=0.02)
Complete viral clearance by day 11
was achieved by most patients,
including those in the placebo
group
In additional analysis, LY-CoV555
improved viral clearance at day 3
Hospitalization or ER visit occurred
in 1.6% of patients taking LY-
CoV555 vs 6.3% taking placebo
Slightly lower severity of symptoms
was reported in patients who
received LY-CoV555 compared to
those who received placebo on
days 2-6
Combination Cohort Results:
Reduced viral load at day 11
compared to placebo (p=0.011)
Complete viral clearance by day 11
was achieved by most patients,
including those in the placebo
group
Reduced viral levels at day 3
(p=0.016) and day 7 (p<0.001)
Reduced symptoms vs placebo
Lowered the rate of COVID-19-
related hospitalization and ER visits
vs placebo (0.9% vs 5.8%)
Limitations: interim data; unclear if
earlier evaluation of viral clearance
would have shown a difference at
lower dosages; unclear if RT-PCR is
accurate measure of viral
neutralization

Department of Health and Human
Services (HHS) will stop distribution of
bamlanivimab alone because of
sustained increase in SARS-CoV-2 viral
variants in the US that are resistant to
bamlanivimab; the FDA Fact Sheet has
been updated to reflect resistance data
(updated 3/24/2021)'®

FDA/DHHS has now re-authorized use
of bamlanivimab and etesevimab
nationwide; they state the combination
is expected to retain activity against
the Delta variant; its use was previously
restricted because of a high frequency
of variants expected to be resistant to
the combination (e.g., Gamma, Beta,
Lambda)?7:343839 (updated 9/5/2021)

Does not appear to maintain efficacy
against Omicron variant**>° (added
12/22/2021)

Pregnancy: (updated 11/23/2020)
Insufficient data on the use of
bamlanivimab during pregnancy

Human IgG1 antibodies can cross the
placenta; therefore, bamlanivimab has
the potential to be transferred from
the mother to the fetus

NIH guidelines state bamlanivimab
should not be withheld from pregnant
women who have conditions that pose
a high risk of progression to severe
disease if the clinician thinks the
potential benefit outweighs the risk
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

RL Gottlieb et al. JAMA 2021

(BLAZE-1)*3(added 1/24/2021)

Population: adult outpatients with
mild to moderate COVID-19
presenting within 3 days of first
positive test result (n=577)
Design: phase 2 portion of a
multicenter, randomized, double-
blind phase 2/3 trial
Patients randomized to receive
bamlanivimab 700 mg,
bamlanivimab 2800 mg,
bamlanivimab 7000 mg,
bamlanivimab 2800 mg plus
etesevimab 2800 mg, or placebo
Results:
Change in viral load from baseline
at day 11 was -3.72 with
bamlanivimab 700 mg, -4.08 with
2800 mg, -3.49 with 7000 mg, -4.37
with bamlanivimab plus
etesevimab, and -3.80 with
placebo; only the reduction in viral
load with bamlanivimab plus
etesevimab was statistically
significantly lower than with
placebo
The proportion of patients who
required hospitalization or ED visit
due to COVID-19 at day 29 was
1.0% with 700 mg, 1.9% with 2800
mg, 2.0% with 7000 mg, 0.9% with
combination therapy, and 5.8%
with placebo; the only difference
that was statistically significant
was with combination therapy
Limitations: primary endpoint may
have been too late to detect
differences; only 1 combination dose
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

Dougan et al. BLAZE-1 NEJM
202117,35
(added 2/5/2021; updated
7/23/2021)
Population: adult and adolescent
outpatients with mild to moderate
COVID-19 presenting within 3 days
of first positive test result who were
at high risk of progressing to severe
COVID-19 and/or hospitalization
(n=1035)
Design: phase 3 portion of a
randomized, double-blind, placebo-
controlled phase 2/3 trial
Bamlanivimab 2800 mg plus
etesevimab 2800 mg vs placebo
Results:
The primary endpoint of COVID-19-
related hospitalization or death
occurred in 2.1% (11/518) of
patients taking bamlanivimab plus
etesevimab compared to 7.0%
(36/517) of those taking placebo
(relative risk difference 70%;
p<0.001)
10 deaths (9 related to COVID-
19)occurred in the placebo group
and 0 in the treatment group
(p<0.001)
Reduction from baseline in viral
load at day 7 was statistically
significantly greater in the
treatment group than in the
placebo group
Limitations: small percent of non-
White patients; small percent of
adolescent patients; small percent of
patients with common coexisting
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

conditions or immunosuppressed;
5% of patients had symptoms for > 8
days

BLAZE-1 Phase 3 Lilly 2021%*
(added 3/15/2021)
Population: outpatients 212 years
old with mild to moderate COVID-19
presenting within 3 days of first
positive test result who were at high
risk of progressing to severe COVID-
19 and/or hospitalization (n=769)
Design: new cohort of a phase 3,
randomized, double-blind, placebo-
controlled trial
Bamlanivimab 700 mg mg plus
etesevimab 1400 mg vs placebo
Results:
4 events of COVID-19-related
hospitalization or death occurred
in patients taking bamlanivimab
plus etesevimab compared to 15
events in those taking placebo; an
87% risk reduction (p<0.0001)
4 COVID-19-related deaths
occurred in the placebo group and
0 in the treatment group
Limitations: not published or peer
reviewed

MS Cohen et al. BLAZE-2 JAMA
20213(added 6/5/2021)

Population: residents and staff at US
skilled nursing and assisted living
facilities with at least 1 confirmed
SARS-CoV-2 index case and who
were negative at baseline for SARS-
CoV-2 infection and serology (n=966)
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LY-CoV555 (bamlanivimab) and LY-
CoV016 (etesevimab) (continued)

Design: randomized, double-blind
phase 3 trial evaluating efficacy for
post-exposure prophylaxis
Single IV dose of bamlanivimab
4200 mg or placebo
August-November 2020
Results:
Incidence of COVID-19 was 8.5%
among those treated with
bamlanivimab and 15.2% with
placebo (OR 0.43 95% Cl 0.28-0.68;
p<0.001)
Limitations: trial conducted before
widespread vaccination and before
variants circulating

BLAZE-1 <18 years old Package
Insert 2021
(added 12/5/2021)
Population: pediatric patients with
mild to moderate COVID-19 who
were not hospitalized and at high
risk of progressing to severe disease
(n=125)
Design: phase 2/3 randomized
controlled trial
Bamlanivimab plus etesevimab
(700/1400 mg for patients >40 kg;
weight-based dosing used for <40
kg)
Results:
No pediatric subjects died or
required hospitalization due to
COVID-19
Change in viral load by day 7 was
-4.23 with 700 mg bamlanivimab/
1400 mg etesevimab and -4.23 for
subjects receiving weight-based
dosing with bamlanivimab/
etesevimab
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= Median time to complete symptom
resolution was 7 days for subjects
treated with bamlanivimab 700 mg/
etesevimab 1400 mg and 5 days for
subjects treated with weight-based
dosing of bamlanivimab/etesevimab

Limitations: small pediatric

population evaluated in trial
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REGN-COV-2 (REGEN-COV)
CASIRIVIMAB (REGN10933) and
IMDEVIMAB (REGN10987)

(Regeneron)
(updated 1/25/2022)

**EDA has limited casirivimab and
imdevimab for use only in patients
likely to have been infected with or
exposed to a variant susceptible to
these treatments; casirivimab and
imdevimab are highly unlikely to be
effective against the Omicron variant
and are not authorized for use in the
US at this time (updated 1/25/2022)

Dosage:’

(updated 8/2/2021)
Dosage for treatment or
prophylaxis: 1200 mg (casirivimab
600 mg and imdevimab 600 mg)
administered together as a single IV
infusion over at least 60 minutes or
by SC injection

For treatment, the FDA strongly
recommends IV infusion; SC
administration is an alternative
when IV infusion is not possible or
would delay treatment

For post-exposure prophylaxis, the
drug can be administered by IV
infusion or SC injection

Clinical trials ongoing
Two phase 2/3 trials in hospitalized

and non-hospitalized patients
Phase 3 RECOVERY trial

Phase 3 prevention trial with NIAID
and NIH

Regeneron 2020%5° (added
9/29/2020; updated 11/23/2020)
Population: outpatients with COVID-
19 (n=799)
Design: ongoing, randomized,
double-blind phase 2/3 trial
REGN-COV2 plus standard-of-care
vs placebo plus standard-of-care
Results:
Significantly greater reduction in
viral load though day 7 with REGN-
COV-2 vs placebo
Most benefit appears to be in
seronegative patients and/or
patients with higher baseline viral
loads
Reduced COVID-19 related medical
visits (2.8% REGN-COV-2 vs 6.5%
placebo; p=0.024)
Also reduced COVID-19 related
medical visits in patients with risk
factors (>50 years of age, BMI>30,
CV, metabolic, lung, liver or kidney
disease, or immunocompromised)
Post-hoc analysis: 2% of antibody-
treated patients and 4% of
placebo-treated patients were
hospitalized or visited the
emergency department within 28
days after treatment; percentages
were 3% and 9% in patients at
higher risk for hospitalization

Infusion reactions and hypersensitivity
reactions, including anaphylaxis, have
been reported

Investigational combination of 2 SARS-
CoV-2 neutralizing antibodies that bind to
the spike protein

Partnered with Roche

FDA issued an emergency use
authorization (EUA) for casirivmab and
imdevimab to be administered
together for treatment of mild to
moderate COVID-19 in adults and
pediatric patients 212 years old who
weigh >40 kg and are at high risk for
progression to severe disease or
hospitalization® (added 11/23/2020)

Not authorized for use in patients who
are hospitalized or require oxygen
therapy for COVID-19; monoclonal
antibodies may be associated with
worse clinical outcomes when
administered to hospitalized patients
with COVID-19 requiring high flow
oxygen or mechanical ventilation
(added 11/23/2020)

FDA EUA updated: dosage decreased
from 2400 mg to 1200 mg and SC
administration authorized when IV
infusion not possible or would delay
treatment (added 6/5/2021)

FDA EUA updated to authorize use of
REGEN-COV for post-exposure
prophylaxis for COVID-19 in adults and
children (212 years old weighing 240
kg) who are at high risk for progression
to severe COVID-19, who are not fully
vaccinated or who are not expected to
mount an adequate immune response
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REGN-COV2 (continued)

Repeat doses for post-exposure
prophylaxis: after an initial dose of
600 mg of casirivimab and 600 mg
of imdevimab, repeat doses of 300
mg of casirivimab and 300 mg of
imdevimab every 4 weeks can be
given to persons who remain at risk
of exposure for >4 weeks and who
are not expected to mount an
adequate immune response to full
SARS-CoV-2 vaccination

Available in separate vials or a co-
formulated vial containing both
casirivimab and imdevimab

Patients should be monitored for
hypersensitivity reactions during
infusion and for at least 1 hour after
completion

Should be given as soon as possible
after a SARS-CoV-2 positive test
result and within 10 days of COVID-
19 symptom onset

Patients should be treated in facility
staffed and equipped to manage
anaphylaxis

Median time to symptom
improvement was 5 days with the
antibody combination and 6 days
with placebo.
Limitations: preliminary data from
an ongoing trial

Weinreich et al. NEJM 2020:1!

(added 12/18/2020)

Population: nonhospitalized patients

with COVID-19 (n=275)

Design: ongoing, randomized,

double-blind, phase 1-3 trial
data presented here are of first
275 patients in Regeneron trial
described above
Patients randomized to 2.4g REGN-
COV2, 8.0 g REGN-COV?2, or
placebo

Results:
Least-squares mean difference
(combined REGN-COV2 dose
groups vs placebo group) in time-
weighted average change in viral
load from day 1-7 was -0.56 logio
copies/mL among serum antibody-
negative patients and -0.41 logio
copies/mL in the overall trial
population
3% of patients in the combined
REGN-COV2 dose groups reported
at least 1 medically attended visit,
compared to 6% of those in the
placebo group
Among serum antibody-negative
patients the percentages were 6%
vs 15% (with placebo)
Safety was similar between groups

(e.g., people with
immunocompromising conditions or
taking immunosuppressants), and who
have been in close contact with a
person with SARS-CoV-2 or who are at
high risk for exposure because of
occurrence of SARS-CoV-2 in other
persons in the same institutional
setting (e.g., nursing homes, prisons)3®
(added 8/2/2021)

NIH guidelines recommend use of
casirivimab plus imdevimab or
sotrovimab for treatment of patients
with mild to moderate COVID-19 not
requiring hospitalization or
supplemental oxygen who are at high
risk of clinical progression® (updated
7/12/2021)

NIH guidelines recommend against use
of casirivimab plus imdevimab in
patients hospitalized for COVID-19
outside of a clinical trial® (added
12/2/2020)

NIH guidelines recommend use of
casirivimab plus imdevimab SC or IV as
post-exposure prophylaxis for people
who are at high risk for progression to
severe COVID-19 if infected with SARS-
CoV-2 AND who are not fully
vaccinated or not expected to mount
an immune response to vaccination
AND who had a recent exposure to
someone with COVID-19 (within 6 feet
of an infected person for a cumulative
total of 215 minutes over 24 hours) or
at high-risk of exposure due to recent
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REGN-COV2 (continued)

Limitations: interim analysis; no
formal hypothesis testing performed
to control type | error

Regeneron 2020%2(added 1/1/2021)
Initial data from ongoing phase
1/2/3 trial in hospitalized,
seronegative patients on low-flow
oxygen suggests treatment may be
beneficial; lower risk of death or
mechanical ventilation reported
Trial to continue based on these
preliminary data

MP O’Brien et al. NEJM 2021152537

(added 1/27/2020; updated

4/20/2021, 8/5/2021)

Population: individuals 212 years old

enrolled within 96 hours after a

household contact was diagnosed

with SARS-CoV-2 (n= 1505)

Design: randomized, double-blind,

placebo-controlled phase 3 trial
REGEN-COV (casirivimab and
imdevimab) 1200 mg SC injection
vs placebo

Results:
Symptomatic infection through day
28 occurred in 11/753 patients
(1.5%) who received REGEN-COV
and 59/752 patients (7.8%) who
received placebo (relative risk
reduction 81.4%; p<0.001)
Among patients who developed
symptomatic infection, median
time to symptom resolution was
1.2 weeks with REGEN-COV and 3.2
weeks with placebo

SARS-CoV-2 infection in others in the
same institutional setting (e.g., nursing
homes, prisons); they state there is
insufficient evidence to recommend for
or against repeat dosing every 4 weeks
for those who received post-exposure
prophylaxis and continue to have high-
risk eposures® (added 8/19/2021)

In situations where logistical
constraints exist and eligible patients
must be triaged, NIH guidelines
suggest:® (added 9/7/2021)

o Treatment of COVID-19
be prioritized over post-
exposure prophylaxis

o Prioritizing
unvaccinated or
incompletely vaccinated
persons at high risk of
progressing to severe
COVID-19 and
vaccinated persons not
expected to mount an
adequate immune
response (e.g.,
immunocompromised
persons) over
vaccinated persons who
are expected to mount
an adequate immune
response

IDSA guidelines suggest
bamlanivimab/etesevimab or
casirivimab/imdevimab or sotrovimab
among ambulatory patients with mild
to moderate COVID-19 at high risk for
progression to severe disease; local
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REGN-COV2 (continued)

Duration of high viral load was 0.4
weeks with REGEN-COV and 1.3
weeks with placebo
There were no hospitalizations or
emergency department visits in
the antibody group, compared to 4
in the placebo group
Limitations: primary analysis in
seronegative patients

Regeneron 2021%

(added 3/29/2021)

Population: high-risk outpatients

with COVID-19 (n=4567)

Design: randomized, double-blind,

placebo-controlled phase 3 trial
REGN-COV2 1200 mg IV or 2400
mg IV vs placebo

Results:
Risk of hospitalization or death was
reduced by 70% with the 1200 mg
dose of REGN-COV2 and by 71%
with the 2400 mg dose compared
to placebo
Median time to symptom
resolution was 10 days with either
dose of REGN-COV2 and 14 days
with placebo, a statistically
significant difference

Limitations: data not yet published

or peer reviewed

RECOVERY Trial 202132

(added 6/16/2021)

Population: hospitalized patients
with severe COVID-19 (n=9785)

variant susceptibility should be
considered in choosing an agent'®
(updated 7/12/2021)

Enrollment of hospitalized patients who
require high-flow oxygen or mechanical
ventilation was suspended at the
recommendation of an independent data
monitoring committee due to a potential
safety signal and unfavorable risk/benefit
profile (added 11/2/2020); after review,
it was recommended that the trial can
continue enrollment in all arms (updated
11/17/2020)

Intranasal delivery of the antibody
therapy via adeno-associated virus
vectors is being investigated (added
12/6/2020)

Neutralizing titers against the India
variant (B.1.617) were decreased about
5-fold in an in vitro study?® (added
5/20/2021)

Does not appear to maintain efficacy
against Omicron variant**>° (added
12/22/2021)

Pregnancy: (updated 11/23/2020)

Insufficient data on use during
pregnancy

Human IgG1 antibodies can cross the
placenta; therefore, casirivimab and
imdevimab have the potential to be
transferred from the mother to the
fetus
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Design: phase 3 randomized,

controlled trial
REGEN-COV 8000 mg plus usual
care vs usual care alone

Results:
All-cause mortality reduced by 20%
in seronegative patients with
addition of REGEN-COV to usual
care vs usual care alone (24% of

REGN-COV2 (continued) patients in REGEN-COV group died
vs 30% in the usual care group by
day 28; rate ratio 0.8 95% Cl 0.70-
0.91; p=0.001)
When seropositive patients (and
those with unknown status) were
included, there was no significant
difference in 28-day mortality
between the groups (20% of
patients in REGEN-COV group died
vs 21% in the usual care group;
rate ratio 0.96; 95% Cl 0.86-1.03;
p=0.17)

Limitations: not yet published or

peer-reviewed
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AZD7442
Tixagevimab (AZD8895) and
Cilgavimab (AZD1061)

Evusheld (AstraZeneca)

(updated 2/28/2022)

Dosage*’: (updated 2/28/2022)
300 mg of tixagevimab and 300 mg
of cilgavimab given IM (as
consecutive injections as separate

sites) every 6 months while SARS-
CoV-2 is in circulation

FDA authorized increased dosage

from 150 mg to 300 mg
patients who have already
received 150-mg doses of the
two drugs should receive an
additional 150 mg of each as
soon as possible

Preferred administration site is the
gluteal muscle

Monitor in a healthcare setting for
at least 1 hour after injection

Supplied in cartons containing one
150 mg/1.5 mL vial of tixagevimab
and one 150 mg/1.5 mL vial of
cilgavimab

Phase 1 dose-escalation trial
ongoing in the UK3

Phase 3 trials underway: 1 trial for
prevention of COVID-19 is expected
to enroll ~5000 participants and
another trial for post-exposure
prophylaxis and pre-emptive
treatment is expected to enroll
~1100 subjects; additional trials for
treatment expected to enroll ~4000
subjects (updated 11/29/2020)

STORM CHASER 202133
(updated 6/16/2021)
Population: unvaccinated adults
with confirmed exposure to a person
with SARS-CoV-2 infection in the
previous 8 days (n=1121)
Design: phase 3 randomized,
double-blind, placebo-controlled
trial
Single IM dose of AZD7442 vs
placebo for post-exposure
prevention of COVID-19
Results:
Risk of developing SARS-CoV-2
infection was reduced 33% with
AZD7442 compared to placebo,
not a statistically significant
difference (95% Cl -26, 65)
23 cases (23/749) occurred in the
treatment group vs 17 cases
(17/372) in the placebo group
In a planned subgroup analysis of
PCR negative participants, the risk
of developing SARS-CoV-2 was
reduced 73% compared to placebo
(95% Cl 27, 90)

The most common adverse effects in
phase 3 trial were headache (6%) and
fatigue (4%)

Rates of overall and serious adverse
events in antibody and placebo groups
were similar

In a post-hoc analysis there were more
serious cardiac adverse events (e.g.
myocardial infarction, cardiac failure,
arrhythmia) in the antibody group than
in the placebo group (0.6% vs 0.2%); 1
person in the antibody group died of
myocardial infarction; no clear temporal
relationship between drug
administration and adverse cardiac
events; causality not established

Investigational combination of 2 SARS-
CoV-2 neutralizing antibodies (AZD8895
[tixagevimab] and AZD1061 [cilgavimab])
that bind to distinct parts of the SARS-
CoV-2 spike protein

Discovered at Vanderbilt University
Medical Center

AstraZeneca proprietary technology
being used to extend the half-life

FDA issued Emergency Use Authorization
(EUA) for tixagevimab and cilgavimab
(Evusheld) administered together for pre-
exposure prophylaxis (of COVID-19 in
adults and children 212 years old and 240
kg who are moderately to severely
immunocompromised and may not
mount an adequate response to COVID-
19 vaccination or have a history of severe
adverse reactions to a COVID-19 vaccine
and/or components of those vaccines; it
is not authorized for use in persons with
current SARS-CoV-2 infection or in
persons recently exposed to an individual
infected with SARS-CoV-2%¢ (added
12/10/2021)

Effective against Delta variant

Does not appear to maintain efficacy
against Omicron variant*®% (added
12/22/2021)

In vitro data showed decreased
neutralizing activity against Omicron
variants BA.1 (by 12- to 30-fold vs the
ancestral virus) and BA.1.1 (by 176-
fold) and BA.2 (by 5.4-fold); FDA
recommended increased dosage (to
300 mg) based on this data*’ (added
2/27/2022)
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AZD7442
Tixagevimab/cilgavimab (continued)

In a post-hoc analysis of PCR-

negative subjects, the risk

reduction was 51% up to 7 days

following dosing and 92% more

than 7 days after dosing
Limitations: not yet published or
peer reviewed

AstraZeneca/FDA Fact Sheet

PROVENT 2021424347

(added 10/4/2021; updated

12/10/2021)

Population: adults at increased risk

for inadequate response to

immunization or increased risk for

SARS-CoV-2 infection; at screening

participants were unvaccinated and

had a negative SARS-CoV-2 serology

test (n=5197)

Design: phase 3, randomized,

double-blind, placebo-controlled
Subjects randomized 2:1 to
tixagevimab 150 mg plus
cilgavimab 150 mg IM x 1 dose or
placebo for prevention of COVID-
19

Results:
Median follow-up 83 days
Symptomatic COVID-19 within 183
days of randomization occurred in
8 patients (0.2%) who received the
antibodies and 17 (1.0% who
received placebo (HR 0.23; 95% ClI
0.10-0.54)
Post-hoc analysis with median
follow-up of 6.5 months (0.3% with
antibodies vs 1.8% with placebo;
HR 0.17; 95% Cl 0.09-0.34)
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AZD7442
Tixagevimab/cilgavimab (continued)

No severe or critical COVID-19
events in antibody group vs 5 in
placebo group
Limitations: not peer reviewed or
published

AstraZeneca TACKLE 2021%

(added 10/11/2021)

Population: adult outpatients with

mild to moderate COVID-19 who

were symptomatic for <7 days

(n=903)

Design: phase 3, randomized,

double-blind, placebo-controlled

trial
AZD7442 600 mg IM x 1 dose vs
placebo

Results:
Risk of severe COVID-19 or death
from any cause reduced 50% with
AZD7442 vs placebo; 18 events
reported in AZD7442 group and 37
events reported in placebo group
In patients who were treated
within 5 days of symptom onset
risk was reduced by 67%; 9 events
occurred in AZD7442 group and 27
events occurred in placebo group

Limitations: not published or peer

reviewed
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VIR-7831 (Sotrovimab)
(Vir Biotechnology/GSK)
(updated 3/29/2022)
Dosage:
500 mg IV infusion over 30 minutes

Patients should be monitored for
hypersensitivity reactions during
infusion and for at least 1 hour after
completion

Should be given as soon as possible
after a SARS-CoV-2 positive test
result and within 10 days of COVID-
19 symptom onset

Patients should be treated in facility
staffed and equipped to manage
anaphylaxis

COMET-ICE 2021%° (added
3/14/2021; updated 3/26/2021;
updated 10/30/2021)
Population: outpatient adults with
symptomatic COVID-19 (<5 days
after the onset of symptoms) at high
risk of hospitalization (n=583)
Design: ongoing, randomized,
double-blind, phase 3 trial
VIR-7831 single 500 mg infusion vs
placebo
Results:
Independent data monitoring
committee recommend stopping
early for efficacy
Disease progression leading to
hospitalization or death occurred
in 3 patients (1%) in patients
treated with sotrovimab and 21
patients (7%) given placebo
(relative risk reduction 85%;
97.24% confidence interval 44-96;
p=0.002)
Death from any cause occurred in
1 patient in the placebo group and
0 patients in the sotrovimab group
Limitations: interim analysis, not
large enough to detect rare adverse
events; only 3 hospitalizations in
treatment group so not possible to
determine reasons for treatment
failure

Infusion reactions and hypersensitivity
reactions, including anaphylaxis, have
been reported?

Rash (2%) and diarrhea (1%) reported in
COMET-ICE?®

Monoclonal antibody against SARS-CoV-
2; may block viral entry into healthy cells
and clear infected cells

Binds to an epitope that is shared by
SARS-CoV-1 and -2; may have a higher
barrier to resistance

Designed to achieve high lung
concentrations

Intramuscular formulation in
development

FDA has restricted sotrovimab use; it is
not authorized for use in regions where
the BA.2 (Omicron) variant of SARS-CoV-2
causes >50% of COVID-19 cases. As of
3/29/2022, this was the case in HHS
Regions 1 (New England) and 2 (New
York, New Jersey, Puerto Rico, US Virgin
Islands)** (added 3/29/2022)

FDA issued an emergency use
authorization (EUA) for sotrovimab for
treatment of mild to moderate COVID-
19 in adults and pediatric patients >12
years old weighing >40 kg with results
of direct SARS-CoV-2 viral testing and
who are at high risk for progression to
severe COVID-19, including
hospitalization or death?® (added
5/27/2021)

Not authorized for use in patients who
are hospitalized or require oxygen
therapy for COVID-19; monoclonal
antibodies may be associated with
worse clinical outcomes when
administered to hospitalized patients
with COVID-19 requiring high flow
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VIR-7831 (Sotrovimab) (continued)

oxygen or mechanical ventilation?®
(added 5/27/2021)

NIH guidelines recommend use of
casirivimab plus imdevimab or
sotrovimab for treatment of patients
with mild to moderate COVID-19 not
requiring hospitalization or
supplemental oxygen who are at high
risk of clinical progression® (updated
7/12/2021)
In situations where logistical constraints
exist and eligible patients must be
triaged, NIH guidelines suggest:®
(added 9/7/2021)
Treatment of COVID-19 be prioritized
over post-exposure prophylaxis
Prioritizing unvaccinated or
incompletely vaccinated persons at
high risk of progressing to severe
COVID-19 and vaccinated persons not
expected to mount an adequate
immune response (e.g.,
immunocompromised persons) over
vaccinated persons who are expected
to mount an adequate immune
response

IDSA guidelines suggest
bamlanivimab/etesevimab or
casirivimab/imdevimab or sotrovimab
among ambulatory patients with mild
to moderate CO VID-19 at high risk for
progression to severe disease; local
variant susceptibility should be
considered in choosing an agent'®
(updated 7/12/2021)

In vitro data suggest VIR-7831 may retain
activity against UK, South Africa, and
Brazil variants?? (added 3/26/2021)
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Neutralization potency of sotrovimab
against Omicron variant decreased but
preclinical findings suggest it may still
maintain efficacy against Omicron
variant**>° (updated 12/22/2021)

In vitro 16-fold reduction in susceptibility
to Omicron subvariant BA.2?° (added
2/29/2022)

Pregnancy:

(updated 5/27/2021)
Insufficient data on use during
pregnancy

Human IgG1 antibodies can cross the
placenta; therefore, sotrovimab has the
potential to be transferred from the
mother to the fetus

LY-CoV1404 (Bebtelovimab)
(Eli Lilly)

(updated 2/15/2022)
Dosage:>?

175 mg IV injection over at least 30
seconds

Administer as soon as possible after
positive results of SARS-CoV-2 viral
testing and within 7 days of
symptom onset

Patients should be observed for 1
hour after completion of injection

BLAZE-4 202233

Population:
outpatients with COVID-19
symptoms who had undergone
confirmatory testing for SARS-CoV-
2 infection within the previous 3
days (n=706); 1 cohort included
380 unvaccinated, mostly low risk
adults, another cohort had 150
mostly high-risk patients, and a
single-arm cohort included 176
mostly high-risk patients

Design: phasel/2, randomized,

placebo-controlled, single-dose

clinical trial
Bebtelovimab alone, bebtelovimab
plus bamlanivimab and
etesevimab, or placebo (in low-risk
cohort only)

Results:

Adverse Reactions”3
Infusion reactions and hypersensitivity
reactions, including anaphylaxis, could
occur
Most common were infusion-related
reactions, pruritus, and rash

Neutralizing 1gG1 monoclonal antibody
directed against spike protein of SARS-
CoV-2

In vitro retained activity against
Omicron and the Omicron subvariant
BA.2

FDA issued an emergency use
authorization (EUA) for bebtelovimab
for treatment of mild to moderate
COVID-19 in adults and pediatric
patients 212 years old weighing >40 kg
with positive results of direct SARS-
CoV-2 viral testing, and who are at high
risk for progression to severe COVID-
19, including hospitalization or death,
and for whom other treatment options
are not accessible or clinically
appropriate®
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Administer only in healthcare
settings equipped to treat severe
infusion reactions, including
anaphylaxis

Most patients infected with Delta
(49.8%) and Alpha (28.6%); trial
conducted before emergence of
Omicron
In the low-risk cohort, persistently
high viral load at day 7(the primary
endpoint) was present in 14% who
received bebtelovimab alone, 13%
who received all three antibodies,
and 21% who received placebo;
these differences were not
statistically significant; median
time to symptom resolution
shorter with bebtelovimab vs
placebo (6 days [95% Cl 5-7 days]
vs 8 days [95% CI 7-9 days]));
hospitalization due to COVID-19
occurred in <3% of patients in all
three groups.
In the high-risk cohort, the two
groups had similar rates of
hospitalization due to COVID-19
(3% with bebtelovimab alone vs 4%
with combination therapy) and
reductions in mean viral load;
median time to symptom
resolution after administration of
bebtelovimab alone was 7 days
In the single-arm cohort of high-
risk patients, 3 patients (1.7%)
required hospitalization due to
COVID-19; median time to
symptom resolution was 8 days
Limitations: not yet published or
peer-reviewed

Not authorized for use in patients who
are hospitalized or require oxygen
therapy for COVID-19; monoclonal
antibodies may be associated with
worse clinical outcomes when
administered to hospitalized patients
with COVID-19 requiring high flow
oxygen or mechanical ventilation®?

Pregnancy: >3
Insufficient data on use during
pregnancy

Human 1gG1 antibodies can cross the
placenta; therefore, bebtelovimab has
the potential to be transferred from
the mother to the fetus
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GM-CSF Inhibitor

Lenzilumab Z Temesgen et al. medRxiv 202113 = Recombinant monoclonal antibody
Population: adults hospitalized with targeting human GM-CSF
(Humanigen) COVID-19 pneumonia (< 94% oxygen
saturation on room air and/or = GM-CSF depletion may prevent
(added 7/12/2021) requiring supplemental oxygen, but cytokine release syndrome
not invasive mechanical ventilation)
(n=520) = Humanigen plans to submit to FDA for
Design: phase 3 randomized, EUA
double-blind, placebo-controlled
trial = NIH guidelines state there is insufficient
= Lenzilumab 600 mg IV x 3 infusions evidence to recommend either for or
8 hours apart vs placebo against use of GM-CSF inhibitors for
Results: treatment of patients hospitalized with
= Likelihood of survival without need COVID-19? (added 7/12/2021)

of invasive mechanical ventilation
was 54% greater with lenzilumab
compared to standard care alone

= Kaplan-Meier estimate for invasive
mechanical ventilation and/or
death was 15.6% in lenzilumab arm
vs 22.1% in placebo arm

= Mortality 9.6% with lenzilumab
and 13.9% with standard care (HR:
1.39; 05% Cl 0.82-2.39; p=0.239)

= 94% of patients received,
corticosteroids, 72% received
remdesivir, and 69% received both
(balanced in both study arms)

Limitations: not peer reviewed or

published; not powered for mortality

1. News release. Humanigen reports positive phase 3 topline results demonstrating that lenzilumab improves survival without need for mechanical ventilation in hospitalized patients with
COVID-19. March 29, 2021. Available at: https://www.businesswire.com/news/home/20210329005301/en/Humanigen-Reports-Positive-Phase-3-Topline-Results-Demonstrating-That-
Lenzilumab%E2%84%A2-Improves-Survival-Without-Need-for-Mechanical-Ventilation-in-Hospitalized-Patients-With-COVID-19. Accessed March 29, 2021.

2. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed July 12, 2021.

3. ZTemesgen et al. Lenlizumab efficacy and safety in newly hospitalized COVID-19 subjects: results from the Live-Air phase 3 randomized double-blind placebo-controlled trial. medRxiv 2021
(epub).
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Glutathione and N-acetylcysteine

GLUTATHIONE No clinical trial results available Adverse Effects: = Intracellular anti-oxidant with possible
= Nausea, vomiting, other gastrointestinal antiviral properties

Dosage: 2 g IV/PO used in case Trial recruiting in the US using NAC symptoms, and rash, with or without

report! in severely or critically ill patients? fever = One researcher has hypothesized that
= Anaphylactoid reactions to IV glutathione deficiency is risk factor for

R Horowitz et al. Resp Med Case severe COVID-19 illness

Rep 2020 Case Report

acetylcysteine, including rash, pruritus,
angioedema, bronchospasm,

N-ACETYLCYSTEINE (NAC;

LUTATHIONE PRECURSOR
GLU 0 CURSOR) = NAC has been proposed for treatment

6 g/day IV2 Population: Two patients with tachycardia, and hypotension have of multiple respiratory conditions and
(Added 4/28/2020) COVID-19 pneumonia occurred. viral illnesses
Pregnancy:
Regimen: 2 g IV/PO glutathione = Acetylcysteine crosses the placenta

1. Rl Horowitz et al. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 pneumonia: a report of 2 cases. Resp Med Case Rep 2020 April 21 (epub).
2. Memorial Sloan Kettering Cancer Center. A study of N-acetylcysteine in patients with COVID-19 infection. In progress. Available at:
https://clinicaltrials.gov/ct2/show/nct04374461?term=acetylcysteine&cond=covid&draw=2&rank=1
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Stem Cell Therapy

MESENCHYMAL STEM CELL THERAPY
(updated 7/21/2020)

Remestemcel-L (Ryoncil)

= 10 patients with ARDS treated with
remestemcel-L under the FDA
compassionate use program with
encouraging results

= Randomized clinical trial to be
conducted at Mount Sinai in NY

= Results: Dyspnea improved within
1 hour of administration

Leng et al. Aging Dis 2020 (updated

7/21/2020)

Population: hospitalized patients

with COVID-19 pneumonia in China

(n=10)

Design: pilot trial; 7 patients (1

critical, 4 severe, 2 common-type

illness) treated with mesenchymal

stem cells and 3 (severe illness)

treated with placebo

Results:

= pulmonary function and symptoms
improved within 2 days of
transplantation

= All patients in the treatment group
recovered

Limitation: small pilot study

Shu et al. Stem Cell Res Ther 2020°
(added 10/13/2020)

Population: hospitalized patients
with severe COVID-19 who did not
respond to 7-10 days of standard
care in China (n=41)

Design: single-center, open-label
controlled trial

Adverse Effects:
= Risks in patients with COVID-19 not
established

= Possible product contamination,
infusion site reactions, thrombosis,
infection, tumor growth

= Remestemcel-L well tolerated in trials
reported by the manufacturer in
children with GVHD

= May mitigate the effects of cytokines
released in response to the virus and
limit lung damage in patients with
severe disease by decreasing
production of proinflammatory
cytokines, increased production of anti-
inflammatory cytokines, and
recruitment of anti-inflammatory cells

FDA granted an investigational new
drug (IND) application for use of
remestemcel-L (Ryoncil - Mesoblast),
an allogenic mesenchymal stem cell
therapy, to treat patients with ARDS
caused by COVID-192 (updated
7/21/2020)

FDA approved an expanded access
protocol for compassionate use of
remestemcel-L in children with
multisystem inflammatory syndrome
associated with COVID-193 (updated
7/21/2020)

NIH guidelines recommend against use
of mesenchymal stem cells, exceptin a
clinical trial* (updated 7/21/2020)

= FDA has warned about safety concerns
with use of unapproved or illegal stem
cell therapies® (updated 7/21/2020)

Pregnancy:

= There are inadequate data on the use
of stem cell therapies in pregnant
women
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= Human umbilical cord

MESENCHYMAL STEM CELL THERAPY mesenchymal stem cells (n=12) vs
(continued) standard care (n=29)
Results:

= 0 patients in the stem cell group
progressed to critical illness vs 4
patients in the control group

= 3 patients in the control group died

Limitation: small study; due to lack

of sufficient stem cells some patients

were not randomized to the

treatment arm

Z Leng et al. Transplantation of ACE2-mesenchymal stem cells improves the outcome of patients with COVID-19 pneumonia. Aging Dis 2020; 11:216.

Press Release. GlobeNewswire. FDA clears investigational new drug application for mesoblast to use remestemcel-L in patients with acute respiratory distress syndrome caused by COVID-
19. Available at: https://www.globenewswire.com/news-release/2020/04/06/2011944/0/en/FDA-CLEARS-INVESTIGATIONAL-NEW-DRUG-APPLICATION-FOR-MESOBLAST-TO-USE-
REMESTEMCEL-L-IN-PATIENTS-WITH-ACUTE-RESPIRATORY-DISTRESS-SYNDROME-CAUSED-BY-COVID-19.html. Accessed July 21, 2020.

Press Release. BioSpace. Expanded Access Protocol initiated for compassionate use of remestemcel-L in children with multisystem inflammatory syndrome associated with COVID-19.
Available at: https://www.biospace.com/article/releases/expanded-access-protocol-initiated-for-compassionate-use-of-remestemcel-l-in-children-with-multisystem-inflammatory-
syndrome-associated-with-covid-19-/. Accessed July 21, 2020.

NIH. COVID-19 Treatment Guidelines Panel. Coronavirus disease 2019 (COVID-19) treatment guidelines. National Institutes of Health. Available at:
https://www.covid19treatmentguidelines.nih.gov/ Accessed July 21, 2020.

FDA. FDA warns about stem cell therapies. Available at: https://www.fda.gov/consumers/consumer-updates/fda-warns-about-stem-cell-therapies. Accessed July 21, 2020.

L Shu et al. Treatment of severe COVID-19 with human umbilical cord mesenchymal stem cells. Stem Cell Res Ther 2020; 11:361.

-63-
The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.


https://www.globenewswire.com/news-release/2020/04/06/2011944/0/en/FDA-CLEARS-INVESTIGATIONAL-NEW-DRUG-APPLICATION-FOR-MESOBLAST-TO-USE-REMESTEMCEL-L-IN-PATIENTS-WITH-ACUTE-RESPIRATORY-DISTRESS-SYNDROME-CAUSED-BY-COVID-19.html
https://www.globenewswire.com/news-release/2020/04/06/2011944/0/en/FDA-CLEARS-INVESTIGATIONAL-NEW-DRUG-APPLICATION-FOR-MESOBLAST-TO-USE-REMESTEMCEL-L-IN-PATIENTS-WITH-ACUTE-RESPIRATORY-DISTRESS-SYNDROME-CAUSED-BY-COVID-19.html
https://www.biospace.com/article/releases/expanded-access-protocol-initiated-for-compassionate-use-of-remestemcel-l-in-children-with-multisystem-inflammatory-syndrome-associated-with-covid-19-/
https://www.biospace.com/article/releases/expanded-access-protocol-initiated-for-compassionate-use-of-remestemcel-l-in-children-with-multisystem-inflammatory-syndrome-associated-with-covid-19-/
https://www.covid19treatmentguidelines.nih.gov/
https://www.fda.gov/consumers/consumer-updates/fda-warns-about-stem-cell-therapies

DRUG AND DOSAGE EFFICACY

ADVERSE EFFECTS/INTERACTIONS COMMENTS

Vasoactive Intestinal Peptide

AVIPTADIL NeuroRX 20211

(Zyesami) Population: critically ill adults with
COVID-19 (n=196)

(added 6/8/2021) Design: phase 2b/3 randomized,
double-blind, placebo-controlled
trial
= |V aviptadil vs placebo
Results:

= In overall population: met primary
endpoint of successful recovery
from respiratory failure at day 28
(p=0.014) and day 60 (p=0.013)

= In patients treated with high flow
nasal cannula (HFNC; n=127),
chance of successful recovery was
71% with aviptadil vs 48% with
placebo by day 28 (p=0.017) and
75% with aviptadil vs 55% with
placebo by day 60 (p=0.036)

= 84% of HFNC patients given
aviptadil were alive at day 60
compared to 60% of those given
placebo (p=0.007)

Limitations: company press release;

not published or peer reviewed

Adverse Effects:

= |n studies in healthy volunteers,
alterations in blood pressure, heart
rate, or ECG have been reported

= Anti-inflammatory and anti-cytokine
activity in animal models of respiratory
distress, acute lung injury and
inflammation

= Binds to alveolar type Il (ATII) cell in the
lung and stimulations production of
surfactant; ATl cells contain ACE2
receptors which are a route of entry for
SARS-CoV-2; infection of ATII cells
decreases surfactant production and
increases production of inflammatory
cytokines

= Clinical trial evaluating use of aviptadil
for moderate and severe COVID-19 is
ongoing

= The manufacturer has submitted to
FDA for an EUA

1. News Release. NeuroRx announces Zyesami (aviptadil, RLF-100) met the primary endpoint of its phase 2b/3 clinical trial and also demonstrated a meaningful benefit in survival from COVID-
19. March 29, 2021. Available at: https://www.prnewswire.com/news-releases/neurorx-announces-zyesami-aviptadil-rlf-100-met-the-primary-endpoint-of-its-phase-2b3-clinical-trial-and-

also-demonstrated-a-meaningful-benefit-in-survival-from-critical-covid-19-301257291.html. Accessed June 8, 2021.
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COMMENTS

Oleandrin

OLEANDRIN

(added 8/19/2020)

= No published in vivo data on use of
oleandrin for treatment or
prevention of COVID-19

= An in vitro study (not peer
reviewed) suggested that oleandrin
may inhibit SARS-CoV-2
replication?

Adverse Effects:

= Toxicity includes nausea, vomiting,
abdominal pain, diarrhea (possibly
bloody stools), anorexia, arrhythmias,
drowsiness, tremors, seizures, coma,
death

= Toxicity occurs several hours after
ingestion

= There are no available data to support
use of oleandrin for COVID-19 and it
can have serious, life-threatening
toxicity; avoid use

= Toxic cardiac glycoside from the
Nerium oleander plant

= All parts of the oleander plant are toxic;
it is responsible for cases of accidental
poisoning worldwide

1. KS Plante et al. Prophylactic and therapeutic inhibition of in vitro SARS-CoV-2 replication by oleandrin. BioRxiv 2020 July 15. Available at:

https://www.biorxiv.org/content/10.1101/2020.07.15.203489v1.full.pdf. Accessed August 19, 2020.

The
Lettar
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REPURPOSED DRUGS

DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

Corticosteroids (systemic)

CORTICOSTEROIDS
(DEXAMETHASONE,
PREDNISONE,
METHYLPREDNISOLONE,
HYDROCORTISONE)

(updated 7/12/2021)

Dexamethasone:
= 6 mg PO or IV daily for up to
10 days or hospital discharge3

= If dexamethasone is not
available, equivalent doses of
other corticosteroids such as
prednisone 40 mg (once daily
or in two divided doses),
methylprednisolone 32 mg
(once daily or in two divided
doses), or hydrocortisone 160
mg (in two to four divided
doses) may be used3*

RECOVERY Trial 2020!

Population: hospitalized patients in

the UK (n=6425)

Design:

= Randomized, controlled, open-
label, adaptive, platform trial
designed to evaluate a range of
treatments for COVID-19 including
dexamethasone

= Dexamethasone 6 mg PO or IV
once daily (n=2104) x 10 days vs
usual care (n=4321)

Results: 28-day mortality rates

(dexamethasone vs usual care)

= Qverall: 22.9% vs 25.7% (p<0.001)

= Patients on invasive mechanical
ventilation: 29.3% vs 41.4% (rate
ratio 0.64; 95% Cl 0.51-0.81)

= Oxygen without invasive
mechanical ventilation: 23.3% vs
26.2% (rate ratio 0.82; 95% Cl 0.72-
0.94)

= No respiratory support at
randomization: 17.8% vs 14.0%
(rate ratio 1.19; 95% Cl 0.91-1.55)
Limitation: preliminary results; open-
label study

Adverse Effects: hyperglycemia, insomnia,

adrenal suppression, delirium, depression,

mania

= Prolonged use can increase the risk of
reactivation of latent infections such as
hepatitis B virus, herpesvirus infections,
strongyloidiasis, tuberculosis

Drug Interactions:

= Dexamethasone induces CYP3A4 and P-gp
and may decrease concentrations of
drugs that are substrates of CYP3A4 or P-
gp

= Causes hyperglycemia; may decrease the
efficacy of antihyperglycemic drugs

= Anti-inflammatory effects may modulate
immune-mediated lung damage

= Authors of RECOVERY trial state that
treating 8 ventilated patients or 25

patients requiring oxygen would prevent 1
death?

NIH guidelines recommend that patients
recently hospitalized (i.e., within the
previous 3 days) with COVID-19 who have
rapidly increasing oxygen needs, require
high-flow oxygen therapy or noninvasive
ventilation and have increased markers of
inflammation receive dexamethasone with
or without remdesivir, plus either
tocilizumab or baricitinib. For patients
hospitalized who require invasive
mechanical ventilation or ECMO,
dexamethasone is recommended; for
those who were admitted to the ICU <24
hours previously and require invasive
mechanical ventilation or ECMO,
dexamethasone plus tocilizumab is
recommended?® (updated 7/12/2021)

NIH guidelines recommend against use of
dexamethasone in hospitalized patients
who do not require supplemental oxygen3?
(updated 7/12/2021)

NIH guidelines recommend use of oral
dexamethasone in patients who are
discharged from the ED despite new or
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CORTICOSTEROIDS
(continued)

EFFICACY

Keller et al. J Hosp Med 2020°

(added 7/27/2020)

Population: hospitalized patients in

NYC (n=1806)

Design: observational study
patients treated with steroids
within 48 hrs of admission (n=148)
compared to those who did not
receive steroid treatment

Results:
patients in the steroid group were
more likely to have COPD, asthma,
rheumatoid arthritis, or lupus, or to
have taken steroids in the year
before admission than those in the
control group
overall, early use of glucocorticoids
was not associated with mortality
or mechanical ventilation
in patients with CRP = 20 mg/dL,
glucocorticoid treatment was
associated with a significant
reduction in risk of mortality or
mechanical ventilation
in those with CRP < 10 mg/dL,
glucocorticoid use was associated
with a significant increase in the
risk of mortality or mechanical
ventilation

Limitations: observational data

Tomazini et al. JAMA 2020°

The CoDEX Trial

(added September 3, 2020)
Population: ICU patients w/ mod-
severe ARDS (n=299)
Design:

randomized, open-label trial

ADVERSE EFFECTS/INTERACTIONS

COMMENTS
increasing need for supplemental oxygen;
dexamethasone should be continued for
the duration of supplemental oxygen (or
up to 10 days)? (added 7/12/2021)

IDSA guidelines recommend use of
dexamethasone for hospitalized patients
with critical illness (mechanical ventilation,
ECMO, ARDS)* (updated 10/14/2020)

IDSA guidelines suggest use of
dexamethasone for hospitalized patients
with severe illness (patients with
Sp0,594% on room air, including patients
on supplemental oxygen)* (updated
10/14/2020)

NIH and IDSA recommend against use of
dexamethasone for treatment of COVID-19
in patients who do not require
supplemental oxygen (updated
10/14/2020)3*

NIH recommends against use of
dexamethasone or other systemic
corticosteroids in outpatients in the
absence of another indication® (added
4/23/2021)

WHO recommends systemic
corticosteroids (dexamethasone 6 mg PO
or IV daily or hydrocortisone 50 mg IV g8h
x 7-10 days) to treat patients with severe
and critical COVID-19%° (added 9/3/2020)

WHO recommends against use of systemic
corticosteroids in patients with non-severe
disease'® (added 9/3/2020)
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CORTICOSTEROIDS
(continued)

EFFICACY

dexamethasone 20 mg IV daily x 5
days, then 10 mg daily x 5 days or
until hospital discharge plus
standard care vs standard care
Results:
patients in dexamethasone group
had significantly more ventilator-
free days (days alive and free of
mechanical ventilation) compared
to control group (6.6 vs 4.0)
no significant difference in all-
cause mortality at 28 days, ICU-
free days durimg first 28 days,
mechanical ventilation duration at
28 days
Limitations:
open-label
35% of patients in control group
received steroids
trial was underpowered to detect
significant differences in
secondary endpoints

PF Dequin et al. JAMA 20207
(added September 3, 2020)
Population: ICU patients w/
respiratory failure
Design:
randomized double-blind trial
(n=149)
low-dose hydrocortisone vs
placebo
Results:
trial ended early
no significant difference in rate of
treatment failure (death or
respiratory support) at day 21

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

Pregnancy:
NIH recommends use of dexamethasone in
pregnant women with COVID-19 who are
mechanically ventilated or who require
supplemental oxygen but are not
mechanically ventilated?® (added
7/20/2020)

Monitor for hypoadrenalism in newborns
of mothers who received substantial doses
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CORTICOSTEROIDS
(continued)

EFFICACY
(42.1% w/ low-dose
hydrocortisone vs 50.7% w/
placebo

Limitations:
trial stopped early so
underpowered to detect
significant differences

REMAP-CAP JAMA 20208
(added September 3, 2020)
Population: ICU patients w/
respiratory or CV support (n=384)
Design:
open-label adaptive platform trial
IV hydrocortisone 50 or 100 mg
g6h x 7 days vs hydrocortisone 50
mg g6h when shock was clinically
evident vs no hydrocortisone
Results :
No difference in median organ-
support free days in patients
treated with fixed-dose or shock-
dependent hydrocortisone
compared to no hydrocortisone
(all 0 days)
Bayseian model found both
hydrocortisone regimens probably
superior to no hydrocortisone
Limitations:
trial stopped early so
underpowered to detect
significant differences

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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CORTICOSTEROIDS
(continued)

EFFICACY

WHO JAMA 2020°

(added September 3, 2020)

Population: critically ill patients

(n=1703)

Design:
meta-analysis
dexamethasone, hydrocortisone
or methylprenisolone vs placebo
or usual care

Results:
28-day all-cause mortality was
lower in those treated with a
corticosteroid (OR 0.64 for
dexamethasone; 0.69 0.69 for
hydrocortisone; 0.91 for
methylprednisolone)

L Pasin et al. J Cardiothorac Vasc
Anesth 2021 (added 1/30/2021)
Population: hospitalized adult
patients with COVID-19 with acute
hypoxemic failure (n=7692)
Design: meta-analysis of 5
randomized controlled trials of
corticosteroids vs a comparator
Results:
Overall mortality was statistically
significantly lower in patients
treated with corticosteroids than
with controls (26% vs 28%;
RR=0.89, CI 0.82-0.96; p=0.003)
In patients who required
mechanical ventilation, mortality
was lower than with controls (42%
vs 48%; RR=0.85, 95% 0.72-1.00;
p=0.05; NNT=19)
In patients not requiring oxygen,
mortality was increased (17% vs

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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13%; RR 1.23, 95% CI 1.00-1.62;
p=0.05; NNH=29))
CORTICOSTEROIDS Risk of need for mechanical
(continued) ventilation was lower in
corticosteroid group than in control
group (5% vs 7%; RR=0.74, Cl 0.59-
0.92; p=0.007)
Limitations: meta-analysis; small
number of trials, heterogeneity of
studies

K Ranjbar et al. BMC Infect Dis
2021 (added 6/8/2021)
Population: hospitalized patients
with COVID-19 in Iran (n=86)
Design: randomized, triple-blinded
trial
Methylprednisolone 2 mg/kg/day
vs dexamethasone 6 mg/day
Results:
Clinical status was statistically
significantly better with
methylprednisolone compared to
dexamethasone at day 5 and day
10
Mean length of hospital stay was
7.43 days with methylprednisolone
and 5.47 days with dexamethasone
Mechanical ventilation was needed
in 18.2% of patients given
methylprednisolone and 38.1% of
those given dexamethasone
Limitations: small sample size, more
potent methylprednisolone dose
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10.

11.

12.

RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with COVID-19. N Engl J Med 2021; 384:693.

Low-cost dexamethasone reduces death by up to one third in hospitalized patients with severe respiratory complications of COVID-19. June 16, 2020. Available at:
https://www.recoverytrial.net/news/low-cost-dexamethasone-reduces-death-by-up-to-one-third-in-hospitalised-patients-with-severe-respiratory-complications-of-covid-19. Accessed June
17, 2020.

NIH. COVID-19 Treatment Guidelines Panel. Coronavirus disease 2019 (COVID-19) treatment guidelines. National Institutes of Health. Available at:
https://www.covid19treatmentguidelines.nih.gov/ Accessed April 23, 2021.

A Bhimraj et al. Infectious Diseases Society of America guidelines on the treatment and management of patients with COVID-19. Clin Infect Dis 2020 September 25 (epub).

MJ Keller et al. Effect of systemic glucocorticoids on mortality or mechanical ventilation in patients with COVID-19. J Hosp Med 2020 July 22 (epub).

BM Tomazini et al. Effect of dexamethasone on days alive and ventilator-free in patients with moderate or severe acute respiratory distress syndrome and COVID-19. The CoDEX
randomized clinical trial. JAMA 2020; 324:1307.

PF Dequin et al. Effect of hydrocortisone on 21-day mortality or respiratory support among critically ill patients with COVID-19. A randomized trial. JAJA 2020 September 3 (ebub).
REMAP-CAP Investigators. Effect of hydrocortisone on mortality and organ support in patients with severe COVID-19. The REMAP-CAP COVID-19 corticosteroid domain randomized clinical
trial. JAMA 2020; 324:1317.

WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group. Association between administration of systemic corticosteroids and mortality among critically ill patients
with COVID-19. A meta-analysis.

WHO. Corticosteroids for COVID-19. Living Guidance, 2 September 2020. Available at: file:///C:/Users/jpflo/OneDrive/Desktop/WHO-2019-nCoV-Corticosteroids-2020.1-eng.pdf. Accessed
September 3, 2020.

L Pasin et al. Corticosteroids for patients with coronavirus disease 2019 (COVID-19) with different disease severity: a meta-analysis of randomized clinical trials. J Cardiothorac Vasc Anesth
2021; 35:578.

K Ranjbar et al. Methylprednisolone or dexamethasone, which one is superior corticosteroid in the treatment of hospitalized COVID-19 patients: a triple-blinded randomized controlled trial.
BMC Infect Dis 2021; 21:337.
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Inhaled Corticosteroids \

INHALED CORTICOSTEROIDS
(ICSs)

(updated 8/23/2021)
= Ciclesonide (Alvesco)

= Budesonide (Pulmicort
Flexhaler)

Iwabuchi et al. J Infect Chemother
2020*

Population: hospitalized patients
with poor oxygenation and CT
findings in Japan (n=3)

Design: case series: all given inhaled
ciclesonide

Results: favorable outcomes in all
Limitations: cases series of 3 patients

Schultze et al. medRxiv 20207
Population: asthma (n=817,973) and
COPD (n=148,588) patients in the UK
Design: cohort study using linked
electronic health records
(OpenSAFELY platform); compared
patients using an ICS to those taking
other drugs for COPD/asthma
Results:
= COPD: risk of death higher in
patients using ICSs than in those
use a long-acting beta agonist and
a long-acting muscarinic antagonist
(adjusted HR = 1.38; 95% CI 1.08-
1.75)
= Asthma: risk of death higher in
patients using ICSs than in those
using only a short-acting beta
agonist (adjusted HR = 1.52; 95% ClI
0.82-1.49)
Limitations: observational; not peer
reviewed; possible confounding

Covis Pharma 2021°

(added 4/19/2021)

Population: outpatients 212 years
old with symptomatic COVID-19
(n=400)

Adverse Effects:

* local adverse effects include oral
candidiasis (thrush), dysphonia, and reflex
cough and bronchospasm

= high doses may cause HPA axis
suppression, changes in bone density, and
development of cataracts or glaucoma

= increases the risk of pneumonia in
patients with COPD

= rinse mouth after use to reduce the risk
of local adverse effects

Drug Interactions:

= Significant drug interactions less likely
with inhaled corticosteroids than with
systemic formulations

= Strong CYP3A4 inhibitors may increase
serum concentrations of inhaled
corticosteroids

= Hypothesized that inhaled corticosteroids
delivered to the lungs may inhibit adhesion
and inflammatory effects of cytokines
released in response to the virus

= Ciclesonide may have anti-viral activity
against SARS-CoV-23

= NIH guidelines recommend that patients
with COVID-19 who are using inhaled
corticosteroids for treatment of asthma or
COPD should not discontinue treatment*

= No data available on use of inhaled
corticosteroids for treatment of COVID-19
from randomized controlled trials

Pregnancy:
= Low-to-moderate doses appear to be safe
for use during pregnancy®
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EFFICACY

Design: phase 3, randomized,

double-blind, placebo-controlled trial
Ciclesonide metered-dose inhaler
(MDI) vs placebo

Results:
The primary endpoint of time to
alleviation of COVID-19-related
symptoms (defined as symptom-
free for continuous period of 224
hours by day 30) was not
statistically significantly different
between the ciclesonide and
placebo groups (p=0.5502)

Limitations: not published or peer

reviewed

Yu et al. Lancet 20217

(added 8/23/2021)

Population: outpatients in the UK

with suspected COVID-19 at risk of

an adverse outcome (265 years old

or 250 years old with comorbidities)

who were symptomatic for up to 14

days (n=4700)

Design: randomized, controlled,

open-label, adaptive platform trial
Usual care plus inhaled budesonide
(800 mcg bid x 14 days) vs usual
care alone vs usual care plus other
interventions

Results:
Time to self-reported recovery 11.8
days with budesonide and 14.7
days with usual care (hazard ratio
1.21, 95% Bayesian credible
interval [BCI] 1.08-1.36); met
prespecified superiority threshold
Rate of hospital admission or death
was 6.8% with budesonide and
8.8% with usual care (odds ratio

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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0.75, 95% BCl 0.55-1.03); did not
meet prespecified superiority
threshold
Limitations: open label, usual care
may vary, limited population
1. Klwabuchi et al. Therapeutic potential of ciclesonide inhalation for COVID-19 pneumonia: report of three cases. J Infect Chemother 2020 26:625.

2. ASchultze et al. Inhaled corticosteroid use and risk COVID-19 related death among 966,461 patients with COPD or asthma: an OpenSAFELY analysis. MedRxiv 2020. Available at:
https://www.medrxiv.org/content/10.1101/2020.06.19.20135491v1. Accessed July 30, 2020.

3. SlJeon et al. Identification of antiviral drug candidates against SARS-CoV-2 from FDA-approved drugs. Antimicrob Agents Chemother 2020; 64:e00819-20.

4. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed July 30, 2020.

5. Drugs for asthma. Med Lett Drugs Ther 2017; 59:139.
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DRUG AND DOSAGE

SARILUMAB — KEVZARA*
(SANOFI/REGENERON)

(updated 9/7/2021)

Dosage:
No clinical trial data yet

Optimal dosage not
established

High and low IV doses are
expected to be studied

EFFICACY

US-based phase 2 and 3 clinical
trials ongoing?

Preliminary results have suggested
that the drug may have negative or
no effects in patients with severe
illness (on oxygen therapy, not on
ventilator/in ICU), but may be
beneficial in critically ill patients (on
a ventilator/requiring ICU)
(updated May 4, 2020)

Phase 3 trials will continue to enroll
critical patients only
o U.S. phase 3 trial in

mechanically ventilated
patients has been stopped
because the trial did not
meet primary or key
secondary endpoints and
negative trends were found
in a subgroup of critically ill
patients who were not
mechanically ventilated at
baseline!! (updated
7/6/2020)

AC Gordon et al. REMAP-CAP Trial.
NEJM 2021 (added 1/11/2021;
updated 2/27/2021)

Population: adults in the ICU with
COVID-19 within 24 hours of starting
respiratory or cardiovascular organ
support (n=803; 353 tocilizumab, 48
sarilumab, 402 control)

Design: ongoing, randomized, open-
label, multifactorial, adaptive
platform trial

ADVERSE EFFECTS/INTERACTIONS

Adverse Effects:

Neutropenia, thrombocytopenia, serious
infections, hypersensitivity reactions
including anaphylaxis

Drug Interactions:
May normalize CYP enzyme formation;
could increase metabolism and decrease
serum concentrations of drugs with
narrow therapeutic indices that are
metabolized by CYP isozymes

Hematologic toxicity may be additive with
other drugs such as linezolid, clozapine, or
azathioprine

COMMENTS

Monoclonal antibody that inhibits IL-6
receptors; may mitigate the effects of
cytokines released in response to the virus
and limit lung damage in patients with
severe disease

NIH guidelines state there are insufficient
data to recommend for or against use of
sarilumab for treatment of COVID-19 in
patients who are within 24 hours of
admission to the ICU and require invasive
or noninvasive mechanical ventilation or
high-flow oxygen (>0.4 Fi02/30 L/min
oxygen flow)? (updated 4/26/2021)

NIH guidelines recommend IV sarilumab
as an alternative to IV tocilizumab only
when IV tocilizumab is not available or not
feasible to use? (added 9/7/2021)

NIH guidelines recommend against use of
sarilumab, except in a clinical trial, for
treatment of COVID-19 in patients who do
not require ICU-level care or are admitted
to the ICU but do not require mechanical
ventilation or high-flow oxygen? (updated
2/5/2021)

UK Medicines & Healthcare products
Regulatory Agency (MHRA) recommends
clinicians consider use of tocilizumab or
sarilumab (alternative) in adult patients
admitted to the ICU with COVID-19
pneumonia?® (added 1/11/2021)

Pregnancy:
Crosses the placenta, especially in the
third trimester, and may affect the
immune response in an exposed infant

-76 -

Rl The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.



DRUG AND DOSAGE

EFFICACY
Tocilizumab 8 mg/kg, sarilumab
400 mg, or standard care

Results:
610/654 patients who were
enrolled after announcement of
RECOVERY trial results received
corticosteroids
Median organ support-free days:
10 with tocilizumab, 11 with
sarilumab, 0 with standard care
In-hospital mortality: 27% in pooled
IL-6 group and 36% in standard
care group

Limitations: open-label; standard

care varied; small number of patients

received sarilumab

WHO REACT Working Group. JAMA
202128
(added 7/15/2021)
Population: trials that included
patients hospitalized for COVID-19
who were randomly assigned to
receive an IL-6 antagonist or no IL-6
antagonist or other
immunomodulator (except
corticosteroids) (n=27 trials; 10,930
patients)
Design: meta-analysis of 27 trials
Results:
Lower 28-day all-cause mortality
with IL-6 inhibitor vs no IL-6
inhibitor
By 28 days, 1407 death were
reported among 6449 patients who
received and IL-6 inhibitor and
1158 deaths among 4481 subjects
not receiving an IL-6 inhibitor (OR
0.86; 95% Cl 0.79-0.95; p=0.003)

ADVERSE EFFECTS/INTERACTIONS COMMENTS

Parturition is associated with IL-6
increases in the cervix and myometrium;
inhibition of IL-6 may lead to possible
delays of parturition

Not associated with embryotoxic or
teratogenic effects when given in high
doses to pregnant monkeys
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DRUG AND DOSAGE

TOCILIZUMAB -
ACTEMRA* (GENENTECH)

(updated 7/15/2021)

Dosage:®
<30 kg: 12 mg/kg IV once
> 30 kg: 8 mg/kg IV once

Max dose 800 mg/infusion

Infuse over 1 hour

Optimal timing of
administration is unclear

EFFICACY
OR for tocilizumab was 0.83 (95%
Cl1 0.74-0.92, p<0.001) and 1.08 for
sarilumab (95% Cl 0.86-1.36,
p=0.52)
In those receiving corticosteroids,
OR was 0.77 (95% Cl 0.68-0.87) for
tocilizumab and 0.92 (95% CI 0.61-
1.38) for sarilumab; most trials of
sarilumab patients not on
corticosteroids
Limitations: meta-analysis, some
trials not peer-reviewed; some trials
ongoing

Zhou et al. Lancet 2020°
Population: hospitalized patients in
China (n=191)

Design: retrospective study
Results:

elevated levels of IL-6 were
associated with severe illness and
death

Xu et al 2020’

Population: hospitalized patients

with severe or critical illness and

elevated IL-6 levels; (n=20)

Design: case series; tocilizumab

added to standard care

Results:
improvement in fever (all patients),
oxygen requirement (75% of
patients), reduction in CRP levels
(in 82.4% of patients), lung
opacities on CT scan improved
(90.5% of patients)

Limitations:

ADVERSE EFFECTS/INTERACTIONS

Adverse Effects:

Constipation, anxiety, diarrhea, insomnia,
hypertension, nausea, neutropenia,
thrombocytopenia, serious infections, Gl
perforation, hepatotoxicity,
hypersensitivity reactions including
anaphylaxis

Increased risk of fungal infections in
critically ill patients with COVID-19

Drug Interactions:
May normalize CYP enzyme formation;
could increase metabolism and decrease
serum concentrations of drugs with
narrow therapeutic indices that are
metabolized by CYP isozymes

Hematologic toxicity may be additive with
other drugs such as linezolid, clozapine, or
azathioprine

COMMENTS

Monoclonal antibody that inhibits IL-6
receptors; may mitigate the effects of
cytokines released in response to the virus
and limit lung damage in patients with
severe disease

Surviving Sepsis Campaign guidelines state
that there is insufficient evidence to make
a recommendation on use of tocilizumab?

Infectious Diseases Society of America
(IDSA) recommends use of tocilizumab
and a corticosteroid in all hospitalized
patients with progressive severe (Sp02
<94% on room air) or critical (requiring
mechanical ventilation or ECMQ) COVID-
19 and increased markers of
inflammation® (updated 7/12/2021)

NIH guidelines recommend that patients
recently hospitalized (i.e., within the
previous 3 days) with COVID-19 who have
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DRUG AND DOSAGE

TOCILIZUMAB (CONTINUED)

EFFICACY
not peer-reviewed

CORIMUNO-19 (added 5/4/2020)

Population: hospitalized patients in
France with moderate to severe
illness not requiring ICU care upon

admission (n=129)

Design: open-label; tocilizumab

added to standard care vs standard
care alone

Results:
significantly fewer patients who
received tocilizumab died or
required ventilation at day 14
Limitations:

open-label; not yet published

Somers et al. 2020?° (added

6/18/2020; updated 7/14/2020)

Population: hospitalized patients
requiring mechanical ventilation
(n=154)
tocilizumab-treated patients were
younger (55 yrs vs 60 yrs), less
likely to have chronic pulmonary
disease (10% vs 28%), and had
lower D-dimer values at intubation
(median 2.4 vs 6.5 mg/dL)
Design: single-center cohort;
patients treated with tocilizumab vs
patients not treated with tocilizumab
Results: median follow-up 47 days
tocilizumab associated with a
reduced risk of death (hazard ratio
0.55; 95% Cl1 0.33,0.90)
tocilizumab associated with an
increased risk of superinfections
(54% vs 26%; p<0.001)
no significant difference in 28-day
case fatality rate in patients treated

ADVERSE EFFECTS/INTERACTIONS

Avoid use of live vaccines in patients
taking tocilizumab

COMMENTS

rapidly increasing oxygen needs, require
high-flow oxygen therapy or noninvasive
ventilation and have increased markers of
inflammation receive dexamethasone
with or without remdesivir, plus either
tocilizumab or baricitinib. For patients
hospitalized who require invasive
mechanical ventilation or ECMO,
dexamethasone is recommended; for
those who were admitted to the ICU <24
hours previously and require invasive
mechanical ventilation or ECMO,
dexamethasone plus tocilizumab is
recommended? (updated 7/12/2021)

NIH guidelines recommend against use of
baricitinib in combination with tocilizumab
because of the risk of additive
immunosuppression® (updated
7/12/2021)

The WHO recommends use of an IL-6
inhibitor such as tocilizumab and a
corticosteroid in all patients with severe
or critical COVID-19?%7 (added 7/12/2021)

Results of trials for tocilizumab have been
mixed; some randomized controlled trials
have not found the same benefits as those
reported in observational trials (added
10/26/2020)

UK Medicines & Healthcare products
Regulatory Agency (MHRA) recommends
clinicians consider use of tocilizumab or
sarilumab (alternative) in adult patients
admitted to the ICU with COVID-19
pneumonia?® (added 1/11/2021)
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY
with tocilizumab who had
superinfections vs those who did
not (22% vs15%; p=0.42)
Limitation: observational data

| Rosas et al. (COVACTA) NEJM
20212 (added 8/16/2020; updated
2/5/2021; updated 2/27/2021)
Population: hospitalized patients
with severe COVID-19 pneumonia
(n=452)
Design: randomized, double-blind,
placebo-controlled
IV tocilizumab plus standard of care
vs placebo plus standard of care
~25% of patients received a 2"
tocilizumab or placebo dose 8-24
hrs after the 15t dose
Results:
No significant difference between
tocilizumab and placebo in the
primary endpoint of clinical status
on a 7-point scale at week 4
(between group difference -1.0;
95% Cl -2.5 to 0; p=0.31)
No difference between groups in
mortality at week 4 (19.7%
tocilizumab vs 19.4% placebo)
Median time to hospital discharge
was 20 days with tocilizumab and
28 days with placebo (p=0.037)
Duration of ICU stay was 9.8 days
with tocilizumab and 15.5 days
with placebo (p=0.045)
Compared to the placebo group,
fewer patients in tocilizumab group
were given corticosteroids
Limitations: other treatments not
standardized; limitations of primary
endpoint

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

Results of REMAP-CAP trial in critically ill
patients and RECOVERY trial in
hospitalized patients reported improved
outcomes with tocilizumab use, while the
results of the COVACTA trial in
hospitalized patients with severe
pneumonia did not report improved
outcomes with tocilizumab?? (added
2/27/2021)

Emergency use authorization (EUA) issued
by FDA for use of tocilizumab in adults and
children >2 years old who are hospitalized
with COVID-19, receiving systemic
corticosteroids, and who require
supplemental oxygen, noninvasive or
invasive mechanical ventilation, or
extracorporeal membrane oxygenation?®
(added 6/26/2021)

Pregnancy:
Crosses the placenta, especially in the
third trimester, and may affect the
immune response in an exposed infant

Parturition is associated with IL-6
increases in the cervix and myometrium;
inhibition of IL-6 may lead to possible
delays of parturition

Increased incidence of abortion/ embryo-
fetal death when given to pregnant
monkeys during the period of
organogenesis
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY

EMPACTA 2020%(added 9/18/2020;
update below, See Salama et al.)
Population: hospitalized patients
with COVID-19 pneumonia (Sp02
<94% on ambient air with no
mechanical ventilation) (n=389)
85% of patients were from racial
and ethnic minority groups
Design: Phase 3 randomized, double-
blind, placebo-controlled trial
Tocilizumab plus standard care vs
placebo plus standard care
Results:
Mechanical ventilation or death
was less likely in patients treated
with tocilizumab compared to
those who were not (p=0.0348; HR
0.56)
Limitations: not yet published or
peer reviewed data

C Salvarani et al. JAMA Intern Med
2020 (added 10/22/2020)
Population: hospitalized patients in
Italy with COVID-19 pneumonia and
Pa02/FiO2 ratio of 200-300 mm Hg
(n=126)

Design: open-label, randomized trial
tocilizumab (given within 8 hours of
randomization) vs standard care

Results:

Composite outcome of clinical
worsening (ICU admission with
invasive mechanical ventilation,
death from all causes, PaO2/Fi02
ratio <150 mm HG) occurred in
28.3% of patients who received
tocilizumab vs 27.0% of patients
who received standard care

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY

Trial was stopped early for futility
Limitations: small open-label trial;
tocilizumab allowed as rescue
therapy in standard care group

S Gupta et al. JAMA Intern Med
2020% (added 10/22/2020)
Population: hospitalized patients in
the ICU with COVID-19 (n=3924)
Design: retrospective, multicenter
cohort study
patients who received tocilizumab
within 2 days of ICU admission
compared to those who did not
Results:
1544 patients (39.3%) died; 125
(28.9%) who received tocilizumab
and 1419 (40.6%) who did not
receive tocilizumab
During a median follow-up of 27
days, risk of death was lower in
patients treated with tocilizumab
compared to those who were not
(HR0.71; 95% CI 0.56-0.92)
Estimated 30-day mortality was
27.5% in patients who were given
tocilizumab and 37.1% in those
who were not given tocilizumab
(risk difference 9.6%; 95% Cl 3.1%-
16.0%)
Limitations: retrospective data;
differences in baseline characteristics
between groups; possible
unmeasured confounding

O Hermine et al. JAMA Intern Med
2020 — CORIMUNO-TOCI 1%¢ (added
10/22/2020; updated 5/25/2021)
Population: hospitalized patients in
France with moderate-to-severe

ADVERSE EFFECTS/INTERACTIONS

COMMENTS
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS
TOCILIZUMAB (CONTINUED) COVID-19 pneumonia (>3 L of oxygen

but not on ventilation or in the ICU)
(n=131)
Design: cohort-embedded,
investigator-initiated, multicenter,
open-label, bayesian randomized
trial
tocilizumab plus usual care vs usual
care alone
Results:
At day 14, compared to the usual
care group fewer patients in the
tocilizumab group needed
noninvasive ventilation or
mechanical ventilation or died (24%
vs 36% with usual care; median
posterior HR 0.58; 90%Crl 0.33-
1.00)
Tocilizumab did not reduce scores
on the WHO 10-point Clinical
Progression Scale lower than 5 on
day 4
No difference in 28-day mortality
was found
90-Day Follow-up?®
Death occurred in 7 of 63 (11%)
patients in the tocilizumab group
and in 11 of 67 (18%) patients in
the usual care group by day 90 (HR
0.64; 95% Cl 0.25-1.65)
A post-hoc analysis stratified by
CRP level found a benefit in
patients given tocilizumab who had
CRP levels >15.0 mg/dL
90-day mortality in patients with
CRP >15 mg/dL was 9% with
tocilizumab and 35% with usual
care (HR 0.18; 95% Cl 0.04-0.9;
p=0.02)
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY
Limitations: small sample, not
blinded

J Stone et al. NEJM 2020"’ (added
10/22/2020)
Population: hospitalized patients
with moderate COVID-19 not on
mechanical ventilation (n=243)
Design: randomized, double-blind,
placebo-controlled trial
Tocilizumab plus standard care vs
placebo plus standard care
Results:
Tocilizumab not effective for
preventing intubation or death (HR
0.83; 95% Cl 0.38-1.81; p=0.64)
Worsening of disease occurred in
18.0% of patients in the
tocilizumab group vs 14.9% of
those in the placebo group at 14
days
Median time to oxygen
discontinuation 5.0 days with
tocilizumab and 4.9 days with
placebo
24.6% of patients who received
tocilizumab and 21.2% of those
who received placebo were still
receiving supplemental oxygen at
14 days
There were fewer serious
infections in patients who received
tocilizumab
Limitations: primary event rate
lower than anticipated; higher
number of patients >65 years old in
tocilizumab group

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY

C Salama et al. NEJM 2020

(EMPACTA);18

(added 12/17/2020)

Population: hospitalized patients

with COVID-19 pneumonia not on

mechanical ventilation (n=389)
>25% were over 65 years of age,
>75% had 21 coexisting condition,
>80% were in a minority racial or
ethnic group

Design: randomized, double-blind,

placebo-controlled trial
Tocilizumab (1 or 2 doses of 8
mg/kg) plus standard care or
standard care alone

Results:
Mechanical ventilation or death by
day 28 was 12.0% with tocilizumab
and 19.3% with standard care alone
(hazard ratio 0.56; 95% Cl 0.33-
0.97; p=0.04)
Outcome was similar to overall
population when assessed
according to race or ethnic group
Mortality differences alone were
not statistically significant

Limitations: other treatments used

not uniform; outcome by race or

ethnic group was exploratory

AC Gordon et al. REMAP-CAP Trial.
NEJM 2021% (added 1/11/2021;
updated 2/27/2021)

Population: adults in the ICU with
COVID-19 within 24 hours of starting
respiratory or cardiovascular organ
support (n=803; 353 tocilizumab, 48
sarilumab, 402 control)

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS
TOCILIZUMAB (CONTINUED) Design: ongoing, randomized, open-

label, multifactorial, adaptive
platform trial
Tocilizumab 8 mg/kg, sarilumab
400 mg, or standard care
Results:
610/654 patients who were
enrolled after announcement of
RECOVERY trial results received
corticosteroids
Median organ support-free days:
10 with tocilizumab, 11 with
sarilumab, 0 with standard care
In-hospital mortality: 27% in pooled
IL-6 group and 36% in standard
care group
Limitations: open-label; standard
care varied; small number of patients
received sarilumab

VC Veiga et al. BMJ 2021%! (added
1/25/2021)
Population: hospitalized adults with
severe or critical COVID-19 on
supplemental oxygen or mechanical
ventilation with abnormal levels of
>2 serum biomarkers (C reactive
protein, D dimer, lactate
dehydrogenase, ferritin) (n=129)
Design: randomized, open-label trial
Tocilizumab 8 mg/kg IV single dose
plus standard care vs standard care
alone
Results:
A composite of mechanical
ventilation or death at 15 days
occurred in 28% of patients
receiving tocilizumab compared to
20% of those receiving standard
care alone
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS
TOCILIZUMAB (CONTINUED) Trial stopped early after enroliment
of 129 patients because of an
increased number of deaths in the
tocilizumab group at day 15
Limitations: open-label; small
sample; severe or critical illness only

RECOVERY Collaborative Group.
Lancet 2021%*(updated 5/5/2021)
Population: hospitalized adults with
COVID-19 with evidence of hypoxia
(oxygen saturation <92% on room air
or requiring oxygen therapy) and
systemic inflammation (C-reactive
protein 275 mg/L) (n=4116)
Design: randomized, open-label,
platform trial
Tocilizumab IV 400-800 mg (based
on weight) added to standard care
vs standard care alone
Results :
28-day mortality was 31%
(621/2022) with tocilizumab
compared to 35% (729/2094) with
standard care alone (rate ratio
0.85, 95% Cl 0.76-0.94; p=0.0028)
Results consistent in subgroups,
including those on corticosteroids
The percentage of patients
discharged from the hospital alive
within 28 days was 57% with
tocilizumab and 50% with standard
care (rate ratio 1.22, 95% Cl 1.12-
1.33; p<0.0001)
In patients not on mechanical
ventilation at baseline, the
composite endpoint of invasive
mechanical ventilation or death
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DRUG AND DOSAGE
TOCILIZUMAB (CONTINUED)

EFFICACY
occurred less often in patients who
received tocilizumab compared to
those on standard care (35% vs
42%; risk ratio 0.84, 95% Cl 0.77-
0.92; p<0.0001)
Limitations: open-label trial; after
randomization ~16% of patients did
not receive treatment for unknown
reasons; data past 28 days not yet
available

REMDACTA 2021%* (added
3/14/2021)
Population: patients with severe
COVID-19 pneumonia
Design: phase 3, randomized,
double-blind, trial
Tocilizumab + remdesivir vs
placebo plus remdesivir
Results:
Primary endpoint of improvement
in time to hospital discharge by day
28 was not met
Secondary endpoints including
death, likelihood of progression to
mechanical ventilation or death,
and clinical status were not met
Limitations: not published

WHO REACT Working Group. JAMA
202128

(added 7/15/2021)

Population: trials that included
patients hospitalized for COVID-19
who were randomly assigned to
receive an IL-6 antagonist or no IL-6

ADVERSE EFFECTS/INTERACTIONS COMMENTS
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS
TOCILIZUMAB (CONTINUED) antagonist or other

immunomodulator (except

corticosteroids) (n=27 trials; 10,930

patients)

Design: meta-analysis of 27 trials

Results:
Lower 28-day all-cause mortality
with IL-6 inhibitor vs no IL-6
inhibitor
By 28 days, 1407 death were
reported among 6449 patients who
received and IL-6 inhibitor and
1158 deaths among 4481 subjects
not receiving an IL-6 inhibitor (OR
0.86; 95% Cl 0.79-0.95; p=0.003)
OR for tocilizumab was 0.83 (95%
Cl1 0.74-0.92, p<0.001) and 1.08 for
sarilumab (95% Cl 0.86-1.36,
p=0.52)
In those receiving corticosteroids,
OR was 0.77 (95% Cl 0.68-0.87) for
tocilizumab and 0.92 (95% CI 0.61-
1.38) for sarilumab; most trials of
sarilumab patients not on
corticosteroids

Limitations: meta-analysis, some

trials not peer-reviewed; some trials

ongoing

PONE

0N

FDA-approved for treatment of rheumatoid arthritis.

Clinical trials information available at: https://clinicaltrials.gov/ct2/show/nct04315298?Term=sarilumab&draw=2&rank=4. Accessed March 31, 2020.

National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed September 7, 2021.
FDA-approved for chimeric antigen receptor (CAR) T cell-induced severe or life-threatening cytokine release syndrome, rheumatoid arthritis, giant cell arteritis, polyarticular juvenile
idiopathic arthritis, and systemic juvenile idiopathic arthritis.

Fact sheet for healthcare providers: emergency use authorization for Actemra (tocilizumab). Available at: https://www.fda.gov/media/150321/download. Accessed June 26, 2021.

F Zhou et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020; 395:1054.

X Xu et al. Effective treatment of severe COVID-19 patients with tocilizumab. Available at: http://chinaxiv.org/abs/202003.00026. Accessed March 31, 2020.

W Alhazzani et al. Surviving Sepsis Campaign: guidelines on the management of critically ill adults with COVID-19. Crit Care Med 2020 March 27 (epub). Available at:
https://journals.lww.com/ccmjournal/abstract/onlinefirst/surviving_sepsis_campaign__guidelines_on_the.95707.aspx. Accessed April 1, 2020.

A Bhimraj et al. Infectious Diseases Society of America guidelines on the treatment and management of patients with COVID-19. Infectious Diseases Society of America 2021 Available at:
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/. Accessed July 12, 2021.
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13.

14.

15.
16.

17.
18.
19.
20.

21.
22.
23.
24.

25.

26.

27.
28.

The

EC Somers et al. Tocilizumab for treatment of mechanically ventilated patients with COVID-19. Clin Infect Dis 2020 July 11 (epub):ciaa954.

Press Release. Regeneron and Sanofi provide update on Kevzara (sarilumab) Phase 3 U.S. trial in COVID-19 patients. Available at: https://www.prnewswire.com/news-releases/regeneron-
and-sanofi-provide-update-on-kevzara-sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.html. Accessed July 6, 2020.

| Rosas et al. Tocilizumab in hospitalized patients with COVID-19 pneumonia. N Engl J Med 2021 February 25 (epub).

Press release. Roche’s phase Il EMPACTA study showed Actemra/RoActemra reduced the likelihood of needing mechanical ventilation in hospitalized patients with COVID-19 associated
pneumonia. Available at: https://www.roche.com/investors/updates/inv-update-2020-09-18.htm. Accessed 18 September 2020.

C Salvarani et al. Effect of tocilizumab vs standard care on clinical worsening in patients hospitalized with COVID-19 pneumonia: a randomized clinical trial. JAMA Intern Med 2020 October
20 (epub).

S Gupta et al. Association between early treatment with tocilizumab and mortality among critically ill patients with COVID-19. JAMA Intern Med 2020 October 20 (epub).

O Hermine et al. Effect of tocilizumab vs usual care in adults hospitalized with COVID-19 and moderate or severe pneumonia: a randomized clinical trial. JAMA Intern Med 2020 October 20
(epub).

JH Stone et al. Efficacy of tociluzumab in patients hospitalized with COVID-19. N Engl J Med 2020; 383:2333.

C Salama et al. Tocilizumab in patients hospitalized with Covid-19 pneumonia. N Engl J Med 2020 December 17 (epub).

The REMAP-CAP Investigators. AC Gordon et al. Interleukin-6 receptor antagonists in critically ill patients with COVID-19. N Engl J Med 2021 February 25 (epub).

Interim Position Statement: interleukin-6 inhibitors (tocilizumab or sarilumab) for patients admitted to ICU with COVID-19 pneumonia (adults). 2021 January 8. Available at:
file:///C:/Users/smorey/Downloads/IL6 Inhibitors Position Statement.pdf. Accessed January 11, 2021.

VC Veiga et al. Effect of tocilizumab on clinical outcomes at 15 days in patients with severe or critical coronavirus disease 2019: randomised controlled trial. BMJ 2021 January 20 (epub).
RECOVERY Collaborative Goup. Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-label, platform trial. Lancet 2021 May 1 (epub).

EJ Rubin, DL Longo, and LR Baden. Interleukin-6 receptor inhibition in COVID-19 — cooling the inflammatory soup. N Engl J Med 2021 February 25 (epub).

News Release. Genentech provides update on the phase Il REMDACTA trial of Actemra plus Veklury in patients with severe COVID-19 pneumonia. 2021 March 11. Available at:
https://www.businesswire.com/news/home/20210310006075/en/Genentech-Provides-Update-on-the-Phase-IlI-REMDACTA-Trial-of-Actemra-Plus-Veklury-in-Patients-With-Severe-COVID-
19-Pneumonia. Accessed March 14, 2021.

X Mariette et al. Effectiveness of tocilizumab in patients hospitalized with COVID-19: a follow-up of the CORIMUNDO-TOCI-1 randomized clinical trial. JAMA Intern Med 2021 May 24 (epub).
FDA News Release. Coronavirus (COVID-19) update: FDA authorizes drug for treatment of COVID-19. Available at: https://www.fda.gov/news-events/press-announcements/coronavirus-
covid-19-update-fda-authorizes-drug-treatment-covid-19. Accessed June 26, 2021.

WHO. Therapeutics and COVID-19: living guideline. V6.1. July 6, 2021. Available at: https://bit.ly/3wsysse. Accessed July 8, 2021.

The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group. Association between administration of IL-6 antagonists and mortality among patients hospitalized for
COVID-19: a meta-analysis. JAMA 2021; 326:499.
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DRUG AND DOSAGE

EFFICACY

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

IL-1 Receptor Antagonists

ANAKINRA - KINERET
(BIOVITRUM AB)
(updated 7/27/2020)

Dosage:
= Optimal dosage for COVID-19
unknown®?%3

* |n a trial being conducted by
the manufacturer, anakinra is
being administered IV at a
dosage of 100 mg g6h x 15
days. According to US Kineret
labeling, the drug is indicated
for SC administration.

Cavalli et al. Lancet Rheum 2020*

Population: consecutive hospitalized

patients with moderate-to-severe

ARDS and serum C-reactive protein

>100 mg/L, ferritin 2900 ng/mL, or

both; not on mechanical ventilation

Design: retrospective cohort study;

single hospital in Italy

= Addition of anakinra vs standard
treatment (HCQ + LPV/RTV)

Results: at 21 days

= Improved survival with high-dose (5
mg/kg IV bid) anakinra vs standard
treatment (90% vs 56%; p=0.009)

= Mechanical ventilation-free survival
similar between groups (72% vs
50%; p=0.15)

= Associated with reduced serum C-
reactive protein and improved
respiratory function

Limitations: small, retrospective

study

Cauchois et al. Proc Natl Acad Sci U

S A 2020° (added 7/27/2020)

Population: hospitalized patients in

France with hypoxemic pneumonia

or ARDS (n=22)

Design: retrospective

= anakinra plus standard care
compared to standard care alone

= anakinra dosage: 300 mg IV x 5
days, then tapered to 200 mg/d x 2
days, then 100 mg x 1 day

Adverse Effects:

= Injection-site reactions, infections,
neutropenia, thrombocytopenia, hepatic
transaminase elevations

Drug Interactions:

= Use with TNF inhibitors or other biologics
may increase risk of serious infections and
neutropenia and should be avoided

= Clinical trials are ongoing?

= |L-1 receptor antagonist; IL-1 mediates
inflammatory and immune responses
antagonist

= May mitigate the effects of cytokines
released in response to the virus and limit
lung damage in patients with severe
disease

= NIH guidelines state there are insufficient
clinical data to recommend either for or
against use of IL-1 inhibitors? (updated
4/28/2020)

= FDA-approved for treatment of
rheumatoid arthritis and neonatal-onset
multisystem inflammatory disease.

Pregnancy:

= Not associated with adverse pregnancy
outcomes in small retrospective studies in
humans or in animal studies
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DRUG AND DOSAGE

ANAKINRA (continued)

EFFICACY

Results:
compared to standard care alone,
all anakinra-treated patients had
clinical improvement (p<0.01),
decreases in oxygen requirements
(p<0.05), and more days off
invasive mechanical ventilation
(p<0.06)
there were no deaths in the
anakinra group and 1 death in the
standard care group
significant reduction of fever and
CRP by day 3 with anakinra
Limitations: small retrospective
study

ADVERSE EFFECTS/INTERACTIONS

COMMENTS

CANAKINUMAB — ILARIS
(NOVARTIS)

(updated 7/21/2021)

Dosage:
Optimal dosage for COVID-19
unknown

Single IV infusion
administered over 2 hours on
day 1°

Weight-based dosing:
40-<60 kg: 450 mg
60-80 kg: 600 mg
>80 kg 750 mg

CAN-COVID 2020°

(updated 7/21/2021)
Population: hospitalized adult
patients with severe COVID-19 (not
on invasive mechanical ventilation)
and with elevated C-reactive protein
or ferritin levels (n=454)
Design: phase 3, randomized,
double-blind, placebo-controlled trial
Canakinumab vs placebo
Added to standard care
Results:
Survival without need for invasive
mechanical ventilation at day 29
was achieved in 88.8% of patients
who received canakinumab and
85.7% of those who received
placebo (odds ratio 1.39, 95% ClI
0.76-2.54; p=0.29)
Mortality rates were 4.9% with
canakinumab and 7.2% with

Adverse Effects: Injection-site reactions,
infections, neutropenia, thrombocytopenia,
and hepatic transaminase elevations

Drug Interactions: Use with TNF inhibitors
or other biologics may increase the risk of
serious infections and neutropenia and
should be avoided

Selectively binds to IL-18 and inactivates
its signaling, inhibiting the induction of
intracellular mediators involved in
inflammatory and immune responses

May mitigate the effects of cytokines
released in response to the virus and limit
lung damage in patients with severe
disease

NIH guidelines state there are insufficient
clinical data to recommend either for or
against use of IL-1 inhibitors3

Interim analysis of one randomized
controlled trial, sponsored by the
manufacturer, did not meet primary or
secondary endpoints for efficacy®
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DRUG AND DOSAGE EFFICACY ADVERSE EFFECTS/INTERACTIONS COMMENTS
placebo (odds ratio 0.67, 95% ClI
CANAKINUMAB 0.30-1.50, p=0.33) FDA-approved for treatment of cryopyrin-
(CONTINUED) Limitations: standard of care associated periodic syndromes (CAPS),
treatment and disease management tumor necrosis factor receptor associated
changed over course of trial periodic syndrome (TRAPS),
hyperimmunoglobulin D syndrome
(HIDS)/mevalonate kinase deficiency
(MKD), Familial Mediterranean Fever
(FMF), adult onset Still’s disease, and
systemic juvenile idiopathic arthritis (SJIA)
Pregnancy:
Not adequately studied in pregnant
women. Associated with delays in fetal
skeletal development in animal studies.
Monoclonal antibodies are unlikely to
cross the placenta in the first trimester
but may do so subsequently.
1.  Efficacy and safety of emapalumab and anakinra in reducing hyperinflammation and respiratory distress in patients with covid-19 infection. Available at:
https://clinicaltrials.gov/ct2/show/nct04324021?term=anakinra&cond=covid&draw=2&rank=1. Accessed April 14, 2020.
2.  Treatment of COVID-19 patients with anti-interleukin drugs (COV-AID). Available at: https://clinicaltrials.gov/ct2/show/nct04330638. Accessed April 14, 2020.
3. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed November 29, 2020.
4. G Cavalli et al. Interleukin-1 blockade with high-dose anakinra in patients with COVID-19, acute respiratory distress syndrome, and hyperinflammation: a retrospective cohort study. Lancet Rheum 2020 May 7
epub).
5. :2 Eoulhois et al. Early IL-1 receptor blockade in severe inflammatory respiratory failure complicating COVID-19. Proc Natl Acad Sci U S A 2020 July 22 (epub).
6. R Caricchio et al. Effect of canakinumab vs placebo on survival without invasive mechanical ventilation in patients hospitalized with severe COVID-19: a randomized clinical trial. JAMA 2021;
326:230.
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Bruton Tyrosine Kinase (BTK) Inhibitor

ACALABRUTINIB - CALQUENCE
(ASTRAZENECA)

(added 11/29/2020)

Dosage:

= Optimal dosage for COVID-19
unknown
=100 mgPOqg12h

CALAVI 2020?

Population: hospitalized adult

patients with respiratory symptoms

of COVID-19 (not on invasive

mechanical ventilation or in ICU)

Design: phase 2, randomized, open-

label trials (1 in US; 1 in other

countries across the world)

= acalabrutinib vs placebo

= added to standard care

Results:

= Treatment with acalabrutinib did
not meet the primary endpoint of
reducing respiratory failure or
death

Limitations: minimal information

available

Adverse Effects:

= Neutropenia, anemia, pneumonia,
thrombocytopenia, headache, diarrhea,
musculoskeletal pain, hemorrhage, atrial
fibrillation or flutter, serious and
opportunistic infections

Drug Interactions:

= Avoid coadministration with strong CYP3A
inhibitors and CYP3A inducers

= Avoid use with PPIs and stagger dosing
with H2-receptor antagonists and antacids

= BTK inhibitors have broad
immunosuppressive effects; can modulate
signaling that promotes inflammation

= NIH guidelines recommend against use of
BTK inhibitors?

= FDA-approved for treatment of mantle cell
lymphoma (MCL), chronic lymphocytic
leukemia (CLL), and small lymphocytic
lymphoma (SLL)

Pregnancy:

= May cause fetal harm and dystocia

1. News Release. AstraZeneca. Update on CALAVI phase Il trials for Calquence in patients hospitalized with respiratory symptoms of COVID-19. Available at: https://www.astrazeneca.com/media-centre/press-
releases/2020/update-on-calavi-phase-ii-trials-for-calquence-in-patients-hospitalised-with-respiratory-symptoms-of-covid-19.html. Accessed November 29, 2020.

2. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed November 29, 2020.
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BARICITINIB -
OLUMIANT (LILLY)

(updated 11/3/2021)
Dosage:

Adults and children 29 years
old: 4 mg PO once/daily x 14
days or until hospital
discharge

Children 2-<9 years old: 2 mg
once daily x 14 days or until
hospital discharge

For patients unable to
swallow, baricitinib tablets
can be dispersed in water and
given via G or NG tube

Renal Dosage Adjustments:
eGFR 30-<60 mL/min/1.73m?:

2 mg once daily in patients >9

years old

1 mg once daily in patients 2-

<9 years old

eGFR 15-<30 mL/min/1.73m?:
1 mg once daily in patients 29
years old

Not recommended in patients

2-<9 years old

Should not be used in patients

with end-stage renal disease
(eGFR <15 mL/min/1.73 m?),
or who are on dialysis

AC Kalil et al. NEJM 2020 (NIH
Adaptive COVID-19 Treatment Trial
2 [ACTT-2])¢ (added 9/18/2020;
updated 12/11/2020)
Population: hospitalized patients
with moderate or severe COVID-19
(n=1033)
Design: Phase 3, randomized,
double-blind, placebo-controlled trial
remdesivir (€10 days) plus either
baricitinib (<14 days) or placebo
Results:
Mean recovery time was about 1
day shorter with the combination
of remdesivir plus baricitinib
compared to remdesivir alone (7
days vs 8 days; rate ratio for
recovery 1.16; 95% Cl 1.01-1.32;
p=0.03)
Recovery in patients on high-flow
oxygen or noninvasive ventilation
at enrollment was 10 days with
combination treatment and 18
days with remdesivir alone (rate
ratio for recovery 1.51; 95% Cl
1.10-2.08)
Odds of clinical improvement at
day 15 was greater with the
combination compared with
remdesivir alone (OR 1.3; 95% ClI
1.0t0 1.6)
Number of patients who
progressed to death or ventilation
at day 29 was lower with the
combination (23%) than with
remdesivir alone (28%)
Morality rate at day 28 after
randomization was 5.1% with the
combination and 7.8% with

Adverse Effects:

Nausea is common

Serious, sometimes fatal, infections,
including multi-dermatomal herpes zoster
and tuberculosis (TB)

Serious, sometimes fatal, thromboembolic
events

Malignancy, Gl perforation, neutropenia,
lymphopenia, anemia, thrombocytosis,
and elevations in liver enzymes, creatine
phosphokinase levels, and lipid levels have
also been reported

Drug Interactions:

The strong organic anion transporter 3
(OAT3) inhibitor probenecid doubled
baricitinib exposure

Avoid use of live vaccines

FDA-approved for treatment of
rheumatoid arthritis

Inhibits JAK enzymes, which mediate
signaling of proinflammatory cytokines
including IL-6; may mitigate the effects of
cytokines released in response to the virus
and limit lung damage in patients with
severe disease

The NIH recommends that patients
recently hospitalized (i.e., within the
previous 3 days) with COVID-19 who have
rapidly increasing oxygen needs, require
high-flow oxygen therapy or noninvasive
ventilation and have or increased markers
of inflammation receive the corticosteroid
dexamethasone with or without
remdesivir, plus either tocilizumab or
baricitinib® (updated 7/12/2021)

NIH guidelines recommend against use of
baricitinib in combination with tocilizumab
because of the risk of additive
immunosuppression® (updated
7/12/2021)

FDA Emergency Use Authorization (EUA)
allows use of baricitinib for treatment of
COVID-19 in hospitalized patients >2 years
old who require supplemental oxygen,
noninvasive or invasive mechanical
ventilation, or ECMOY (added 11/20/2020;
updated 11/3/2021)

Pregnancy:

Administration to pregnant animals
resulted in reduced fetal weights,
embryolethality, and skeletal
malformations
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BARICITINIB (continued)

Should not be used in patients
with severe hepatic
impairment (Child-Pugh C)

Dosage reductions are
recommended for patients
taking strong OAT3 inhibitors
with baricitinib: reduce daily
dose to 2 mg if recommended
dose is 4 mg; reduce daily
dose to 1 mg if recommended
dose is 2 mg; consider
stopping OAT3 inhibitor if
recommended dose is 1 mg

Treatment should be
interrupted for an absolute
lymphocyte count <200
cells/mm?3 or absolute
neutrophil count <500
cells/mm3, or drug-induced
liver injury is suspected

Should not be used in patients
with known active
tuberculosis

FDA requires boxed warning
in the labeling about an
increased risk of serious
heart-related events such as
heart attack or stroke, cancer,
blood clots, and death (added
9/7/2021)

The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.

remdesivir alone (hazard ratio for
death 0.65; 95% Cl 0.39-1.09)
Greatest mortality benefit
appeared to be in patients
receiving oxygen
Limitations: not powered to detect
differences in mortality

V Marconi et al. COV-BARRIER Lancet
Respir Med 2021°°
(added 4/12/2021; updated
11/3/2021)
Population: patients hospitalized with
COVID-19 who required supplemental
oxygen (ordinal scale [OS] 5) or high-
flow oxygen/non-invasive mechanical
ventilation (OS 6) and 21 increased
marker of inflammation (n=1525)
Design: phase 3 randomized, double-
blind, placebo-controlled trial
Baricitinib 4 mg vs placebo x 14 days
or until discharge; both groups
received standard care
Results:
79% of patients received
corticosteroids (mostly
dexamethasone) and 19% received
remdesivir
27.8% of patients who received

baricitinib progressed to non-invasive

ventilation or death by day 28
compared to 30.5% of those who
received standard care alone (OR
0.85; 95% ClI 0.67-1.08; p=0.18)
Death from any cause by day 28
occurred in 8% of patients who
received baricitinib and 13% of those
who received standard care alone
(HR0.57; 95% Cl1 0.57; 95% Cl 0.41-
0.78; nominal p=0.0018)

60-day all-cause mortality was 10%
with baricitinib and 15% for standard
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RUXOLITINIB —
JAKAFI (INCYTE/NOVARTIS)

(updated 12/16/2020)
Dosage:
Optimal dosage not

established

10 mg PO bid x 14 days?

Taper dosage when stopping:

5 mg bid x 2 days, then 5 mg
once daily x 1 day

care alone (HR 0.62; 95% Cl 0.47-
0.83; p=0.0050)

Limitations: primary endpoint for
disease progression measured by
clinical status including oxygen
support levels

Manufacturer is initiating phase Il
clinical trials in patients with severe
COVID-19 to compare ruxolitinib to
standard care®*

Novartis. RUXCOVID Trial 20208

(added 12/16/2020)

Population:
Patients 212 years old hospitalized
for COVID-19 (not intubated or in
ICU) (n=432)

Design:
Phase 3, randomized, double-blind,
placebo-controlled trial
Ruxolitinib plus standard care vs
standard care alone

Results:
Did not meet primary endpoint of
reducing the number of patients
with severe complications (death,
mechanical ventilation, or ICU
admission)
Proportion of patients with severe
complications by day 29 was 12%
with ruxolitinib and 11.8% with
standard care

Adverse Effects:

Most common adverse effects include
thrombocytopenia, anemia, fatigue,
diarrhea, bruising, dizziness, dyspnea, and
headache

Severe withdrawal symptoms including a
systemic inflammatory response
syndrome have been reported when
ruxolitinib was stopped

Drug Interactions:
Strong CYP3A4 inhibitors can increase
serum concentrations of ruxolitinib
(ketoconazole increased ruxolitinib AUC
by 91%)

Concurrent use of ruxolitinib with a strong
CYP3A4 inhibitor® should be avoided in
patients with platelet counts less than 100
X 10°/L; dosage reductions may be
needed for patients with a platelet count
>100 X 10° /L

Pregnancy:
No adequate studies in pregnant women
Administration to pregnant animals
resulted in an increase in late resorptions
and reduced fetal weights

NIH guidelines recommend against JAK
inhibitors other than baricitinib except in a
clinical trial* (updated 8/5/2021)

Jakavi outside the US

FDA-approved for treatment of
myelofibrosis

Inhibits JAK1 and 2, which mediate
signaling of proinflammatory cytokines
including IL-6; may mitigate the effects of
cytokines release in response to the virus
and limit lung damage in patients with
severe disease

Manufacturer initiating an open-label
emergency Expanded Access Plan (EAP) in
the US

Should be avoided in patients with end
stage renal disease (CrCl <15 mL/min) not
requiring dialysis and in patients with
moderate or severe renal impairment or
hepatic impairment and a platelet count
100 X 10°/L
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TOFACITINIB -
XELJANZ (PFIZER)

(updated 9/7/2021)

Dosage:
Optimal dosage not
established

10 mg PO bid x 14 days or
until hospital discharge?

Dosage adjustments needed
for moderate to severe renal
impairment

Not recommended in patients
with severe hepatic
impairment

Drug should be stopped if
lymphocyte count or ANC is
<500 cells/mm?3

Dosing should be interrupted
if ANC is 500-1000 cells/mm?3
or hemoglobin is <8 mg/dL or
decreases by more than 2

g/dL

FDA requires boxed warning
in the labeling about an
increased risk of serious
heart-related events such as
heart attack or stroke, cancer,
blood clots, and death (added
9/7/2021)

Guimaraes et al NEJM 2021° (added

8/5/2021)

Population:
Adults hospitalized for <72 hours
with COVID-19 pneumonia in Brazil
(n=289)

Design:
Randomized, double-blind,
placebo-controlled trial
Tofacitinib 10 mg bid x 14 days or
until hospital discharge vs placebo

Results:

75.4% of patients were receiving
supplemental oxygen at baseline
89.3% of patients were treated
with glucocorticoids
Death or respiratory failure
through day 28 (the primary
endpoint) occurred in 18.1% of
patients who received tofacitinib
and 29.0% of those who received
placebo (risk ration 0.63; 95% ClI
0.41-0.97; p=0.04)

Limitations: did not include patients

on mechanical ventilation

Adverse Effects:
Most common adverse effects include
upper respiratory tract infection,
nasopharyngitis, diarrhea, headache,
elevated cholesterol levels, increased
blood creatine phosphokinase, rash, and
herpes zoster

Serious infections, thrombosis, and
malignancies, and gastrointestinal
perforation have been reported

Drug Interactions:
Concurrent use of CYP3A4 inhibitors or
CYP2C19 inhibitors can increase tofacitinib
serum concentrations; tofacitinib dosage
reductions are needed for patients taking
concomitant strong CYP3A4 inhibitors or a
moderate CYP3A4 inhibitor with a strong
CYP2C19 inhibitor

CYP3A4 inducers can decrease serum
concentrations of tofacitinib and
concurrent use is not recommended

Concurrent use of other
immunosuppressants can increase the risk
of immunosuppression and is not
recommended

Pregnancy:
No adequate studies in pregnant women
Administration to pregnant animals
resulted in fetocidal and teratogenic
effects

NIH guidelines recommend tofacitinib as
an alternative to baricitinib only when
baricitinib is not available or not feasible
to use! (updated 9/7/2021)

FDA-approved for treatment of
rheumatoid arthritis, psoriatic arthritis,
ulcerative colitis, and polyarticular course
juvenile idiopathic arthritis

Selective inhibitor of JAK1 and 3,
functional selectivity for JAK2; also
modulates action of interferons and IL-6;
these actions may mitigate the effects of
inflammatory cytokines released in
response to the virus and limit lung
damage in patients with severe disease
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7. FDA News Release. Coronavirus (COVID-19) update: FDA authorizes drug combination for treatment of COVID-19. Available at: https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-authorizes-drug-combination-treatment-covid-19?utm medium=email&utm source=govdelivery. Accessed November 20, 2020.

8. Novartis. News Release. Novartis provides update on RUXCOVID study of ruxolitinib for hospitalized patients with COVID-19. Available at: https://www.novartis.com/news/media-
releases/novartis-provides-update-ruxcovid-study-ruxolitinib-hospitalized-patients-covid-19. Accessed December 16, 2020.

9. PO Guimaraes et al. Tofacitinib in patients hospitalized with Covid-19 pneumonia. N Engl J Med 2021; 385: 406.

10. VC Marconi et al. Efficacy and safety of baricitinib for the treatment of hospitalised adults with COVID-19 (COV-BARRIER): a randomised, double-blind, parallel-group, placebo-controlled
phase 3 trial. Lancet Respir Med 2021 September 1 (epub).

11. FDA. Baricitinib letter of authorization. Revised July 28, 2021. Available at: https://www.fda.gov/media/143822/download. Accessed November 3, 2021.
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TNF INHIBITORS

(added 7/29/2020)

Optimal dosage for treatment
of COVID-19 not established

Adalimumab (Humira)
Certolizumab pegol (Cimzia)
Infliximab (Remicade, and
biosimilars)

Etanercept (Enbrel)
Golimumab (Simponi)

Brenner et al. Gastroenterology
2020*
Population: patients with
inflammatory bowel disease (IBD)
and COVID-19 (525 cases)
Design: international (33 countries)
registry to monitor outcomes of IBD
patients with COVID-19 (Surveillance
Epidemiology of Coronavirus Under
Research Exclusion for Inflammatory
Bowel Disease (SECURE-IBD)
Results:
31% hospitalized and 3% died
Risk factors for severe COVID-19
included corticosteroid and
sulfasalazine or 5-aminosalicylate
use, but not TNF-inhibitor use
Limitations: observational data

Gianfrancesco et al. Ann Rheum Dis
2020?
Population: patients with rheumatic
disease and COVID-19 (600 cases)
Design: international (40 countries)
case series from the C19-GRA
registry
Results:
46% hospitalized and 9% died
Risk factors for hospitalization
included corticosteroid use
(prednisone dose > 10 mg/day);
TNF-inhibitor use was associated
with reduced odds of
hospitalization
Limitations: observational data

Adverse Effects:
Injection-site reactions or infusion
reactions (fever, urticaria, dyspnea,
hypotension)
Cytopenias; malignancies, especially
lymphomas, have been reported, but a
cause-and-effect relationship has not
been established
Increased risk of infections, including
reactivated and disseminated
tuberculosis, invasive or disseminated
fungal infection, and other opportunistic
infections; reactivation of HBV
Rarely induces or exacerbates heart
failure or induces a reversible lupus-like
syndrome
Demyelinating conditions, including
multiple sclerosis, optic neuritis, and
Guillain-Barré syndrome have been
reported

Drug Interactions:
Concomitant administration of a TNF
inhibitor with another biologic agent may
increase the risk of serious infections and
neutropenia
Patients being treated with TNF inhibitors
should not receive live vaccines

Patients with COVID-19 have been found
to have increased levels of inflammatory
cytokines including TNF

TNF-inhibitors may mitigate the effects of
cytokines released in response to the virus

No clinical trial data yet available on
efficacy of TNF inhibitors in patients with
COvVID-19

Pregnancy:
Generally considered safe for use during
pregnancy
Placental transfer of anti-TNF antibodies is
higher in the late second and third
trimesters, especially with infliximab,
adalimumab, and golimumab

EJ Brenner et al. Corticosteroids, but not TNF antagonists, are associated with adverse COVID-19 outcomes in patients with inflammatory bowel diseases: results from an international

M Gianfrancesco et al. Characteristics associated with hospitalization for COVID-19 in people with rheumatic disease: data from the COVID-19 Global Rheumatology Alliance physician-

1.

registry. Gastroenterology 2020 July 8 (epub).
2.

reported registry. Ann Rheum Dis 2020; 79:859.
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Anti-CD6 Monoclonal Antibod \

ITOLIZUMAB
(added 7/16/2020)

= Optimal dosage for treatment
of COVID-19 not established

= Formulation: 25 mg/5 mL vials
for injection were approved
for emergency use in India

Biocon Trial — 2020* Adverse Effects:
Population: hospitalized patients = Infusion reactions including nausea, rash,
with moderate to severe ARDS in 4 urticaria, flushing, cough, wheezing,
hospitals in India (n=30) dyspnea, dizziness, headache; diarrhea
Design: Randomized, controlled, = |[ncreased risk of infections
open-label trial
= 20 patients randomized to Drug Interactions:

itolizumab plus best supportive = Live vaccines should be avoided

care and 10 patients randomized to
best supportive care

Results:

= at one month, no deaths occurred
in patients treated with itolizumab
and 3 deaths occurred in patients
treated with supportive care alone

= reductions in IL-6 and TNF-a were
reported in itolizumab-treated
patients

Limitation: trial results not yet
published

= Approved in India for emergency use in
COVID-19 patients; also approved in India
for psoriasis

= Not available in the US

= Anti-CD6 IgG1 monoclonal antibody that
binds to the CD6 receptor and blocks
activation of T lymphocytes; may mitigate
the effects of cytokines released in
response to the virus

Pregnancy:

= No adequate data on use in pregnant
women

= Crosses the placenta

1. Equillium. Press Release. Clinical trial shows itolizumab reduced mortality in patients hospitalized with COVID-19. Available at: https://www.globenewswire.com/news-
release/2020/07/13/2060993/0/en/Clinical-Trial-Shows-Itolizumab-Reduces-Mortality-in-Patients-Hospitalized-with-COVID-19.html. Accessed July 16, 2020.
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C5 Complement Inhibitor \

RAVULIZUMAB
Ultomiris (Alexion)

(added 1/21/2021)
= Weight-based dosing

= Administered IV on days 1, 5,
10, and 15

Phase 3 Trial — 20211

Population: adults with severe

COVID-19 requiring mechanical

ventilation (trial was expected to

enroll 270 patients; interim analysis

conducted after 122 patients

completed 29 days)

Design: phase 3 randomized, open-

label trial

= Ravulizumab plus standard care vs
standard care alone

Results:

= Enrollment in study paused
because an independent data
monitoring committee reported a
lack of efficacy with addition of
ravulizumab to standard care
compared to standard care alone
after an interim review of data

= Patients currently enrolled will
continue the trial

= Primary endpoint: survival at day
29

Adverse Effects:
= Upper respiratory tract infection,

headache, diarrhea, nausea, vomiting,

hypertension, pyrexia
= Infusion reactions, life-threatening
meningococcal infections

= FDA-approved for paroxysmal nocturnal
hemoglobinuria in adults and for atypical
hemolytic uremic syndrome in adults and
children >1 month old

= C5 complement inhibitor thought to
decrease levels of cytokines and
chemokines and reduce lung inflammation

Pregnancy:

= No available data on use of ravulizumab in
pregnant women

= In animal studies, developmental
abnormalities and an increased rate of
death in the offspring was reported

1. News Release. Alexion provides update on phase 3 study of Ultomiris (ravulizumab-cwvz) in hospitalized patients with severe COVID-19. January 13, 2021. Available at:
https://ir.alexion.com/news-releases/news-release-details/alexion-provides-update-phase-3-study-ultomirisr-ravulizumab. Accessed January 21, 2021.
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CHLOROQUINE!
(updated 4/23/2021)
Dosage:

Optimal dosage not

established

Dosages used in COVID-19
clinical trials have varied

500 mg chloroquine phosphate
(300 mg chloroquine base) bid x
7-10 days

OR

500 mg bid x 2 days, then
500 mg once/day x 12 days?3

OR

1 gonday 1, then 500 mg once
daily x 4-7 days

Based on in vitro data (M Wang et
al, Cell Res 2020)*

Unpublished clinical data from
China3 in approximately 100
patients suggest more rapid decline
in fever, improvement on lung CT
scan, shorter time to recovery vs
control group

ChloroCovid-19° (updated
4/30/2020)

Population: hospitalized patients
with severe illness in Brazil (n=81)

Design:
parallel, double-blind, randomized,
phase llb

chloroquine high dose (600 mg bid
x 10 days) vs low dose (450 mg bid
x 1 day, then once/day x 4 days); all
patients received azithromycin
Results:
Trial stopped early because of a
higher rate of death and QT
interval prolongation in the high-
dose chloroquine group
Lethality was 39.0% (16 of 41) in
the high-dosage group and 15.0%
(6 of 40) in the low-dosage group at
day 13
QTc interval >500 milliseconds
occurred in 18.9% (7 of 37) in the
high-dose group compared to
11.1% (4 of 36) in the low-dosage
group
Respiratory secretion negative in
22.2% (6 of 27) at day 4

Adverse Effects:
Retinopathy and other ocular disorders
(generally associated with longer use),
urticaria, angioedema, tinnitus, reduced
hearing, myopathy, muscle atrophy,
suppressed tendon reflexes, liver enzyme
elevations, hepatitis, Gl disturbances, skin
reactions, cytopenias, hemolytic anemia
(in G6PD-deficient patients), neuropathy,
convulsions, extrapyramidal disorders,
neuropsychiatric changes, hypotension,
cardiomyopathy, hypoglycemia

QT interval prolongation and arrhythmias,
including torsades de pointes can occur.
Risk is higher in patients with cardiac
disease, electrolyte abnormalities, or
concurrent use of other QT interval
prolonging drugs such as azithromycin.®®
The AHA/ACC/HRS recommend the drug
be withheld in patients with baseline QT
prolongation or if QT interval exceeds 500
msec during treatment. Potassium and
magnesium levels should be corrected
and other QTc prolonging drugs should be
avoided.”

Cases (some fatal) of QT interval
prolongation, ventricular tachycardia, and
ventricular fibrillation have been reported
in patients being treated with chloroquine
or hydroxychloroquine, alone or in
combination with azithromycin or other
QTc prolonging drugs, for treatment of
COVID-19°

In vitro activity against SARS-CoV-2, SARS-
CoV, and MERS-CoV

FDA issued a Drug Safety Communication
warning against use of chloroquine
outside of a clinical trial because of the
risk of serious cardiac arrhythmias,
including QT prolongation; it is not
recommended for treatment of
outpatients® (updated 4/28/2020)

Infectious Diseases Society of America
recommends against use with or without
azithromycin in the hospital setting'?
(updated 8/23/2020)

NIH guidelines recommend against use of
chloroquine (with or without
azithromycin) in hospitalized patients and
outpatients?® (updated 4/23/2021)

Clinical trials evaluating the efficacy and
safety of chloroquine for pre-exposure
and post-exposure prophylaxis and
treatment of mild, moderate, or severe
COVID-19 are underway in the US

FDA revoked Emergency Use
Authorization that allowed use in some
hospitalized patients for whom a clinical
trial was not feasible; ongoing analysis
indicated that chloroquine and
hydroxychloroquine are unlikely to be
effective for treatment of COVID-19 and
are associated with serious cardiac
adverse events; FDA concluded benefit no
longer outweighs risk®? (updated
6/16/2020)
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CHLOROQUINE?! (CONTINUED)

HYDROXYCHLOROQUINE
(HCQ)'- GENERICS
PLAQUENIL (CONCORDIA)

(updated 7/15/2021)
Dosage:
Optimal dosage not

established

Dosages used in COVID-19
clinical trials have varied

Mehra et al. 2020%? (added 5/26/20)
(updated 6/4/2020)

Retracted because of concerns about
the accuracy of the data and
analysis; an independent audit was
not possible because the full dataset
was not made available

Population: hospitalized patients
with COVID-19 who received
chloroquine or HCQ with or without
a macrolide within 48 hrs of
diagnosis; control patients did not
receive treatment with these drugs
(n=96,032)
Design: observational analysis of
multinational registry
Results:
treatment was associated with an
increased risk of in-hospital
mortality and ventricular
arrhythmia compared to control
group
Limitation: observational

P Gautret et al. Int J Antimicrob
Agents 2020
Population: hospitalized patients;
varying severity of illness (n=42)
Design:
open-label, observational
HCQ + azithromycin vs HCQ vs
standard care
Results:
HCQ-treated patients had more
rapid viral clearance vs controls

Drug Interactions:
Avoid use with QTc prolonging drugs®®

Substrate of CYP2CS, 2D6, and 3A4, and
inhibitor of CYP2D6/11

Use with antihyperglycemic drugs can
increase risk of hypoglycemia

Separate from antacids/kaolin by 4 hours

Use with tamoxifen can increase risk of
ocular toxicity and should be avoided

FDA warns that coadministration of
remdesivir and chloroquine or
hydroxychloroquine may decrease the
antiviral activity of remdesivir; concurrent
use is not recommended?® (added
6/18/2020)

Adverse Effects:
Better tolerated than chloroquine

Retinopathy and other ocular disorders
(sometimes irreversible, but generally
associated with longer use), serious
cardiomyopathy, worsening of psoriasis
and porphyria, proximal myopathy,
neuropathy, suicidality, hypoglycemia

QT interval prolongation and arrhythmias,
including torsades de pointes can occur.

Pregnancy:

Accumulates in fetal ocular tissues and is

retained there for months after
elimination from remainder of body

Chloroquine has been used safely in

pregnant women for treatment and
prophylaxis of malaria

In vitro activity against SARS-CoV-2

The FDA issued a Drug Safety

Communication warning against use of
hydroxychloroquine outside of a clinical

trial because of the risk of serious

arrythmias, including QT prolongation it; is

not recommended for treatment of
outpatients® (updated 4/28/2020)
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HYDROXYCHLOROQUINE
(CONTINUED)

Most frequently used dosage

in the US has been 400 mg PO
bid on day 1, then 200 mg PO
bid x 4 days?

addition of azithromycin to HCQ
(n=6) resulted in a more rapid
decrease in viral load compared to
treatment w/ HCQ alone
Limitations:
not randomized or double-blind,
some dropouts not included in trial
results
International Society of
Antimicrobial Chemotherapy states
concerns about the paper

Z Chen et al. 2020%°
Population: hospitalized patients w/
pneumonia; mild illness (n=62)
Design:
randomized, parallel-group
hydroxychloroquine 200 mg bid vs
standard care
Results:
shortened duration of fever and
cough
pneumonia improvement on chest
CT in 80.6% of patients w/ HCQ vs
54.8% w/ standard care
4 patients in control group
progressed to severe illness vs
none with HCQ
Limitations: published online ahead
w/o peer review

M Mabhevas et al. 2020?°
Population: hospitalized patients
with pneumonia requiring oxygen >2
L (n=181)
Design:
Retrospective; HCQ 600 mg/day
within 48 hrs of admission vs no
HCQ
Results:

Risk is higher in patients with pre-existing
cardiac disease, electrolyte abnormalities
or concurrent use of other QT interval
prolonging drugs such as azithromycin.
EKG monitoring recommended.®® The

AHA/ACC/HRS recommend use be
avoided in patients with baseline QT
prolongation or if QT interval exceeds

500 msec during treatment. Potassium
and magnesium levels should be
corrected and other QTc prolonging drugs
should be avoided.”

Cases (some fatal) of QT interval
prolongation, ventricular tachycardia, and
ventricular fibrillation have been reported
in patients being treated with chloroquine
or hydroxychloroquine, alone or in
combination with azithromycin or other QTc
prolonging drugs, for treatment of COVID-
198

In a cohort of 84 patients with COVID-19
who were treated with
hydroxychloroquine/azithromycin, QTc
was significantly prolonged; in 9 (11%)
patients, QTc was prolonged to >500 ms?*®

In a cohort 649 COVID-19 patients, HCQ
use was associated with a significant QT
and QTc interval prolongation (median
+13 ms); ventricular arrythmia rate was
1.1% (added 10/1/2020)

In a cohort of 90 COVID-19 patients, 19%
of patients on HCQ monotherapy
developed prolonged QTc 2500 ms;
concurrent azithromycin use was
associated with a greater risk of QT

Infectious Diseases Society of America
recommends against use with or without
azithromycin in the hospital setting'?
(updated 8/23/2020)

NIH guidelines recommend against use of
hydroxychloroquine (with or without
azithromycin) in hospitalized patients or
outpatients?® (updated 4/23/2021)

NIH guidelines recommend against use of
hydroxychloroquine for SARS-CoV-2 post-
exposure prophylaxis®® (added 2/14/2021)

Some clinicians claim the combination of
HCQ plus azithromycin is effective for
early outpatient treatment of COVID-19,
but randomized, controlled trials are
lacking (added 9/10/2020)

FDA revoked Emergency Use
Authorization that allowed use in some
hospitalized patients for whom a clinical
trial was not feasible; ongoing analysis
indicated that chloroquine and
hydroxychloroquine are unlikely to be
effective for treatment of COVID-19 and
are associated with serious cardiac
adverse events; FDA concluded benefit no
longer outweighs risk®?® (updated
6/16/2020)

WHO guidelines strongly recommend
against use of hydroxychloroquine for
prevention of COVID-10% (added
3/6/2021)

Pregnancy:

No evidence of increased rate of birth
defects in pregnant women
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HYDROXYCHLOROQUINE

(CONTINUED)

Transferred to ICU or died w/in 7

days: 20.2% HCQ vs 22.1% w/o

HCQ (no significant difference)
Limitations: not randomized or peer
reviewed

J Magagnoli et al 2020% (updated

4/28/2020)

Population: hospitalized male

patients in VA medical centers across

the US (n=368)

Design:
Retrospective; HCQ vs HCQ plus
azithromycin vs no HCQ

Results:
No significant difference in the rate
of mechanical ventilation between
groups (13.3% HCQ, 6.9% HCQ +
azithromycin, and 14.1% no HCQ)
Compared to no HCQ, rates of
death higher in the HCQ group, but
not the HCQ + azithromycin group
(11.4% no HCQ vs 27.8% with HCQ
and 22.1% with HCQ +
azithromycin)

Limitations: retrospective, not peer

reviewed

J Geleris et al. NEJM 2020%°
(added 5/9/2020)
Population: consecutive hospitalized
patients (n=1376 patients in analysis)
Design: observational; single medical
center in New York City; median
follow-up 22.5 days
Results:
811 (58.9%) patients treated with
HCQ

interval changes than HCQ alone (added
10/14/2020)
rats
Drug Interactions:
Avoid use with other QT interval-
prolonging drugs. Concurrent use with
azithromycin can cause additive effects on
the QT interval; avoid coadministration in
patients at high risk of QT interval
prolongation; ECG monitoring, correction
of electrolyte abnormalities, and
avoidance of other QT prolonging agents is
recommended if coadministered®®

May inhibit CYP2D6 and may be
metabolized by CYP2C8, 2D6, and 3A4 to
some extent; less likely to cause CYP-
related interactions than chloroquine

Separate from antacids/kaolin by 4 hours
May increase digoxin levels

May impair activity of antiepileptic drugs

FDA warns that coadministration of
remdesivir and chloroquine or
hydroxychloroquine may decrease the
antiviral activity of remdesivir; concurrent
use is not recommended?® (added
6/18/2020)

Embryonic deaths and ocular
malformations have occurred in pregnant
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HYDROXYCHLOROQUINE
(CONTINUED)

HCQ-treated patients had more

severe illness than those who were

not treated with the drug

No significant association between

HCQ use and intubation or death

(HR 1.04; 95% C1 0.82-1.32)
Limitations: observational data

W Tang et al. BMJ 2020%*
(added 5/18/20)
Population: hospitalized patients,
mostly mild to moderate disease
(n=150)
Design: open-label HCQ 1200mg x 3
days, then 800 mg/day x2-3 weeks vs
standard care
Results:
No significant difference in
probability of negative conversion
Adverse effects more common with
HCQ (mainly diarrhea)
Limitations: open label, tx initiated
late, confounding tx allowed

Mehra et al. Lancet 2020%? (added
5/26/20)
(updated 6/4/2020)

Retracted because of concerns
about the accuracy of the data and
analysis; an independent audit was
not possible because the full
dataset was not made available

Population: hospitalized patients
with COVID-19 who received
chloroquine or HCQ with or without
a macrolide within 48 hrs of
diagnosis; control patients did not
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HYDROXYCHLOROQUINE
(CONTINUED)

receive treatment with these drugs

(n=96,032)

Design: observational analysis of

multinational registry

Results:
treatment was associated with an
increased risk of in-hospital
mortality and ventricular
arrhythmia compared to control
group

Limitation: observational

WHO Solidarity Trial 2020%342
(updated 6/20/2020;)
HCQ arm stopped on June 18, 2020
based on data from the Solidarity
trial, the RECOVERY trial, and a
Cochrane review of other HCQ
evidence
(update 10/19/2020; 12/2/2020)*
Population: hospitalized patients with
COVID-19 at 405 hosptials in 30
countries (n=11,330 patients
randomized; n=954 to HCQ)
Design: randomized, open-label trial
evaluating remdesivir,
hydroxychloroquine,
lopinavir/ritonavir, and interferon-beta
la
Results:
HCQ did not reduce mortality, need
for ventilation, or duration of
hospitalization
death rate ratio with remdesivir was
1.19 (95% Cl 0.89-1.59; 104/947 HCQ
vs 84/906 control; p=0.23)
ventilation initiated after
randomization in 75 patients in the
HCQ group vs 66 in the control group
64% of patients who received HCQ
were still hospitalized at day 7 vs 54%
in the control group
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HYDROXYCHLOROQUINE
(CONTINUED)

Limitations: interim results; open-
label; conducted in many varied
settings around the world; timing of
treatment initiation not standardized

RECOVERY Trial 2020*! (updated

10/14/2020)

Population: hospitalized adults in the

UK (n=4716)

Design: open-label, randomized

controlled trial; HCQ vs usual care

Results:
28-day mortality was not
significantly different between
patients treated with HCQ and
those who received usual care
(27.0% vs 25.0%; p=0.15)
Consistent results reported in all
subgroups
Results suggested HCQ-treated
patients less likely to be discharged
alive within 18 days vs patients
given standard care

Among patients not on mechanical
ventilation at baseline, HCQ group
had higher frequency of invasive
mechanical ventilation or death
(30.7% vs 26.9%)
No difference in incidence of new
major cardiac arrhythmia
Limitations: enroliment stopped
early when interim analysis showed
lack of efficacy

S Arshad et al. Int J Infect Dis 2020%8
(added July 7, 2020)

Population: Consecutive hospitalized
patients in a hospital system in
Michigan (n=2541)
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HYDROXYCHLOROQUINE
(CONTINUED)

Design: Multi-center, retrospective
observational study comparing
hydroxychloroquine alone or with
azithromycin, azithromycin alone or
neither
Results:
in-hospital mortality was 20.1%
with hydroxychloroquine +
azithromycin, 13.5% with
hydroxychloroquine, 22.4% with
azithromycin, and 26.4% with
neither drug (p<0.001)
82% of patients received
hydroxychloroquine within 24
hours of admission
Limitations: retrospective,
observational data

CP Skipper et al. Ann Intern Med
2020%° (added 7/17/2020)
Population: symptomatic
outpatients with COVID-19 or
probable COVID-19 within 4 days of
symptom onset (n=423)
Design: randomized, double-blind,
placebo-controlled trial
HCQ (800 mg once, 600 mg 6-8 hrs
later, then 600 mg once/day x 4
days) vs placebo
Results:
81% had confirmed COVID-19 or
exposure to a person with
confirmed infection
56% enrolled within 1 day of
symptom onset
no significant difference in
symptom severity over 14 days
between HCQ and placebo groups
(relative difference in symptom
severity 12%; p=0.117)
no significant difference in
percentage of patients who had
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HYDROXYCHLOROQUINE
(CONTINUED)

symptoms at 14 days (24% vs 30%
with placebo; p=0.21)
significantly more patients treated
with HCQ had adverse effects (43%
vs 22%; p<0.001)
4 hospitalizations and 1
nonhospitalized death in the HCQ
group vs 10 hospitalizations and 1
hospitalized death in the placebo
group (p=0.29)
Limitations: only 58% of patients
received COVID-19 testing

Rosenberg et al. JAMA 20203°

(added 7/22/2020)

Population: hospitalized patients

Design: retrospective multicenter

cohort study
HCQ plus azithromycin, HCQ alone,
azithromycin alone, or neither

Results:
Patients in the treatment groups
had more severe disease at
baseline than those not treated
Compared with patients receiving
neither drug, there was no
difference in the in-hospital
mortality rate in patients who
received any of the 3 treatments
Patients who received HCQ plus
azithromycin had a higher risk of
cardiac arrest compared to those
who received neither drug

Limitations: observational data

Cavalcanti et al. NEJM 20203! (added
7/23/2020; updated 11/28/2020)
Population: hospitalized patients
with suspected or confirmed COVID-
19 receiving no supplemental oxygen
or a max of 4 L/min (n=667

Rl The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.

-111-



HYDROXYCHLOROQUINE
(CONTINUED)

randomized; n=504 with confirmed

COVID-19 in the modified intention-

to-treat)

Design: open-label, multicenter

randomized controlled trial
HCQ 400 mg bid vs HCQ 400 mg bid
plus azithromycin 500 mg once/day
x 7 days vs standard care alone

Results:
Treatment started a median of 7
days after symptom onset; patients
who started treatment up to 14
days after symptom onset were
included
HCQ alone or with azithromycin did
not improve clinical status at 15
days on an ordinal scale compared
to standard care alone (primary
endpoint in the modified intention-
to-treat population, which included
only those with confirmed COVID-
19)
QT interval prolongation and liver
enzyme elevations occurred more
frequently with HCQ with or
without azithromycin than with
standard care alone

Limitations: open-label trial, some

patients previously received

treatment

Mitja et al. Clin Infect Dis 202033
(added 9/9/2020)

Population: non-hospitalized adults
in Spain with COVID-19 and <5 days
of symptoms (n=293)

Design: open-label, randomized trial
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HYDROXYCHLOROQUINE
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HCQ 800 mg x 1 day, then 400 mg

once/day x 6 days vs no antiviral

treatment (not placebo controlled)
Results:

Median time from symptom onset

to randomization: 3 days

No significant difference in mean

reduction of viral load at day 3 or at

day 7

Risk of hospitalization was not

significantly different between the

groups (5.9% HCQ vs 7.1% control)

Time to resolution of symptoms

was similar (10 days HCQ vs 12

days control; p=0.38) (study not

powered for this endpoint)

No cardiovascular events reported
Limitations: open-label trail, did not
evaluate HCQ with azithromycin; 7-
day evaluations not included in
original protocol

Million et al. Travel Med Infect Dis
20203 (added 9/9/2020)
Population: patients with mild (95%
of patients) to severe COVID-19 in
France (n=1061)
Design: retrospective analysis of
outcomes of patients who were
given early treatment with HCQ +
azithromycin for 23 days
Results:
Mean time from onset of
symptoms to treatment was 6.4
days

Good clinical outcome and virologic

cure occurred in 973 patients
(91.7%) within 10 days

Poor clinical outcome (death,
transfer to ICU, or hospitalization
for >10 days) occurred in 46
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HYDROXYCHLOROQUINE
(CONTINUED)

patients (4.3%) and 10 patients
(0.9%) died
Poor clinical outcomes were
associated with older age, illness
severity, and low HCQ serum
concentrations
9 patients had QTc prolongation
> 60 ms from baseline; none were
> 500 ms
Limitations: retrospective data, no
control group; data incomplete for
some patients

Scholz, Derwand, Zelenko.
20203%(added 9/10/2020; updated
1/1/2020)

Population: outpatients with COVID-

19 (n=141)

Design: retrospective case series
Cases received treatment with HCQ
+ azithromycin + zinc x 5 days after
risk stratification criteria were met
Untreated controls: independent
public reference data from 337
patients with COVID-19 from the
same community

Results:

Treatment started after 4 days of
symptom onset

4 of 141 (2.8%) treated patients
were hospitalized; 58 of 377
(15.4%) controls were hospitalized
(p<0.001)

1 of 141 (0.7%) treated patients
died vs 13 of 377 (3.5%) controls
(p=0.16)

Limitations: not peer reviewed;

retrospective case series; risk criteria

unclear; control group characteristics
unclear
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HYDROXYCHLOROQUINE
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Barbosa Esper et al. 20203° (added

9/11/2020)

Population: symptomatic

outpatients with suspected COVID-19

evaluated by telemedicine in Brazil

(n=636)

Design: Prospective, observational
patients given hydroxychloroquine
plus azithromycin (n=412) were
compared to those who refused
medication (n=224)

Results:
mean time from symptom onset to
treatment was 5 days
1.9% of treatment group required
hospitalization compared to 5.4%
of control group (p<0.001)

1.17% of patients treated before
day 7 of symptoms needed
hospitalization compared to 3.2%
of patients treated after day 7

Limitations: not peer reviewed,

observational data

WH Self et al. JAMA 2020%
(updated 11/9/2020)
Population: hospitalized adults with
COVID-19 with respiratory symptoms
(n=479)
Design: multicenter, blinded,
randomized trial
Hydroxychloroquine 400 mg bid x 1
day, then 200 mg bid x 4 days vs
placebo

Results:
At day 14, there was no significant
difference in the COVID Outcomes
Scale score between the
hydroxychloroquine and placebo
groups
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HYDROXYCHLOROQUINE
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Trial enrollment stopped for futility
Limitations: long duration of
symptoms before randomization for
treatment (up to 10 days), only
monotherapy evaluated, drug
concentrations not evaluated

FH Annie et al. Pharmacotherapy
2020% (added 11/30/2020)
Population: patients receiving HCQ
within 48 hours of hospital admission
(n=3012)
Design: retrospective cohort study
Results:
No difference in overall 30-day
mortality between the HCQ and no-
HCQ groups
No difference between groups in
outcome combining mortality and
an arrhythmogenic diagnosis
Results remained statistically
insignificant with
HCQ+azithromycin
Limitations: restrospective data

Barratt-Due et al. NOR-Solidarity Ann
Intern Med 202148

(added 7/15/2021)

Population: hospitalized adults with
confirmed SARS-CoV-2 at 23 hospitals
in Norway (n=185)

Design: independent, add-on,
randomized controlled trial to WHO
Solidarity trial

Patients given remdesivir,
hydroxychloroquine, or standard of
care

Results:
No significant difference in mortality
during hospitalization between
groups

Rl The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.

-116 -



HYDROXYCHLOROQUINE
(CONTINUED)

There was a decrease in SARS-CoV-2
oropharyngeal viral load during the
first week after randomization in all
groups; the decreases in viral load
and 10-day viral loads were similar
among remdesivir,
hydroxychloroquine, and standard of
care groups

Limitations: no placebo group, small

sample size

PROPHYLAXIS TRIALS:

DR Boulware et al NEJM 2020%

(prophylaxis)

(added 6/4/2020)

Population: adults with household or

occupational exposure to an

individual with confirmed COVID-19

at a distance <6 feet for >10 mins

with no mask or eye shield (high-risk)

or with a mask but no eye shield

(moderate-risk) (n = 821)

Design: randomized, double-blind,

placebo-controlled trial in the US and

Canada

Prophylaxis given within 4 days after

exposure
HCQ (800 mg x 1, then 600 mg in 6
to 8 hrs, then 600 mg daily x 4
days) vs placebo

Results:
87.6% had a high-risk exposure
New illness compatible with COVID-
19 within 14 days was similar
between the 2 groups (11.8% HCQ
vs 14.3% placebo; p=0.35)
Patient-reported adherence to
study drug regimen was lower in
HCQ group (75.4% with HCQ vs
82.6% with placebo; p=0.01)

Rl The Medical Letter publications are protected by US and international copyright laws. Forwarding, copying, or any other distribution of this material is strictly prohibited.

-117 -



HYDROXYCHLOROQUINE
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Adverse effects occurred more
often with HCQ (Gl effects most
common)

No arrhythmias or deaths reported
Limitations: endpoint did not require
laboratory-confirmed COVID-19;
study population generally younger
and healthier than those at most risk
for COVID-19

N White and W Schilling et al
(COPCOV trial)?’ (added July 1, 2020)
(prophylaxis)
Population: Healthcare workers and
staff who have close contact with
COVID-19 patients (anticipated
enrollment is 40,000+ subjects)
Design:
Randomized, double-blind,
placebo-controlled, multi-center
prophylaxis trial
Chloroquine/hydroxychloroquine
vs placebo
Results: trial enrolling as of July 2020

Mitja et al. NEJM 202132
(added 7/31/2020; updated
11/28/2020; updated ref 2/5/2021)
Population: asymptomatic contacts
exposed to a PCR-positive COVID-19
case in Spain (n=2314)
Design: open-label, cluster-
randomized trial
HCQ 800 mg once, then 400
mg/day x 6 days vs usual care (no
specific therapy)
Results:
PCR-confirmed symptomatic
COVID-19 within 14 days was not
statistically significant between the
two groups (5.7% with HCQ vs 6.2%
with usual care)
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HCQ not associated with a lower
incidence of SARS-CoV-2
transmission than usual care
(18.7% vs 17.8%)
Incidence of adverse effects higher
in HCQ group (56.1% vs 5.9% with
usual care) (mostly Gl; 0.3% were
cardiac events)

Limitations: open-label, no placebo

group

Abella et al. JAMA Intern Med 2020
(PATCH trial)¥’ (added 10/1/2020)
Population: healthcare workers
exposed to patients with COVID-19
(n=132); all patients had negative
results for SARS-CoV-2 at baseline
Design: randomized, double-blind,
placebo-controlled pre-exposure
prophylaxis trial
HCQ 600 mg daily vs placebo x 8
weeks
Results:
No significant difference in infection
rates (determined by SARS-CoV-2
nasopharyngeal swab) in patients
given HCQ vs placebo (6.3 vs 6.6%;
p>0.99)
8 infections occurred during the
study; none required hospitalization
Mild adverse events more common
in patients taking HCQ
Median change in QTc was similar
between groups
Limitations: trial stopped early for
futility and may have insufficient
power; most participants were young
and healthy

Gentry et al. Lancet Rheumatol 202032
Population: patients in the VA health
system with rheumatoid arthritis,
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systemic lupus erythematosus, or

associated rheumatological conditions

(n=32,109)

Design: retrospective cohort study
Patients receiving chronic HCQ vs
those not on HCQ

Results:

Incidence of active SARS-CoV-2
infections not significantly different
between patients receiving HCQ vs
those who were not

Limitations: retrospective data

Rajasingham et al. Clin Infect Dis
2020* (added 10/28/2020)
Population: adult healthcare workers
with ongoing exposure to persons with
SARS-CoV-2 in the US and Canada
(n=1483)
Design: randomized, double-blind,
placebo-controlled
HCQ 400 mg once/week or
twice/week or placebo x 12 weeks
Results:
Incidence of COVID-19:
0.27 events per person-year with
HCQ once/wk
0.28 events per person-year with
HCQ twice/wk
0.38 events per person-year with
placebo
Hazard Ratio (compared to placebo):
HCQ once/wk: 0.72 (95% CI 0.44-
1.16; p=0.18)
HCQ twice/wk: 0.74 (95% Cl 0.46-
1.19; p=0.22)
Limitations: challenges with availability
and sensitivity of PCR testing in early
COVID illness; HCQ dosing;
underpowered

RV Barnabas et al. Ann Intern Med
2020° (added 12/10/2020)
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Population: close contacts recently
exposed (<96 hours) to persons with
diagnosed SARS-CoV-2 infection
(n=671 households)
Design: Household-randomized,
double-blind, controlled trial
HCQ 400 mg/day x 3 days, then 200
mg/day x 11 days or ascorbic acid
500 mg/day, then 250 mg/day
Results:
SARS-CoV-2 acquisition at day 14 was
not significantly different between
HCQ (53 events) and control (45
events) among 689 participants who
had a negative SARS-CoV-2 test result
at baseline
More patients in HCQ group
experienced adverse effects
Limitations: median delay of 2 days
between exposure, testing, and
treatment

P> N

LN

10.
11.

12.

13.

14.
15.

FDA-approved for other indications.
Experimental dosage used for treatment of COVID-19 in trials, but optimal dosage not yet established.
A Cortegiani et al. A systematic review on the efficacy and safety of chloroquine for the treatment of COVID-19. J Crit Care 2020 March 10 (epub).
M Wang et al. Remdesivir and chloroquine effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 2020; 30:269.
Borba MGS, Val FFA, Sampaio VS, et al. Effect of high vs low doses of chloroquine diphosphate as adjunctive therapy for patients hospitalized with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection: a randomized clinical trial. JAMA Netw Open. 2020;3(4):e208857
DN Juurlink. Safety considerations with chloroquine, hydroxychloroquine and azithromycin in the management of SARS-CoV-2 infection. CMAJ 2020 April 8 (epub).
DM Roden et al. Drug interactions on QTc in exploratory COVID-19 treatment. Circulation 2020 April 8 (epub).
RL Woosley and KA Romero. QT drugs list. Available at: www.crediblemeds.Org. Accessed March 31, 2020.
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problems. Available at: https://www.fda.gov/drugs/drug-safety-and-availability/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-outside-hospital-setting-or. Accessed
April 27, 2020.
Inhibitors and inducers of CYP enzymes and P-glycoprotein. Med Lett Drugs Ther 2019 November 6 (epub). Available at: medicalletter.org/downloads/cyp_pgp_tables.pdf.
D Projean et al. In vitro metabolism of chloroquine: identification of CYP2C8, CYP3A4, and CYP2D6 as the main isoforms catalyzing N-desethylchloroquine formation. Drug Metab Dispos
2003; 31:748.
A Bhimraj et al. Infectious Diseases Society of America Guidelines on the treatment and management of patients with COVID-19. Available at: https://www.idsociety.org/practice-
guideline/covid-19-guideline-treatment-and-management/. Accessed August 23, 2020.
FDA. Coronavirus (COVID-19) update: FDA revokes emergency use authorization for chloroquine and hydroxychloroquine. Available at: https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-chloroquine-and. Accessed June 16, 2020.
P Gautret et al. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-randomized clinical trial. Int J Antimicrob Agents 2020; 56:105949.
Z Chen et al. Efficacy of hydroxychloroquine in patients with COVID-19: results of a randomized clinical trial. Medrxiv 2020 (epub). Available At:
https://www.medrxiv.org/content/10.1101/2020.03.22.20040758v2. Accessed April 13, 2020.
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AZITHROMYCIN — GENERICS
ZITHROMAX (PFIZER)!

(updated 7/23/2021)
Dosage:
Optimal dosage not

established

500 mg on day 1, then 250 mg
once/day on days 2-52

In addition to
hydroxychloroquine

P Gautret et al. Int J Antimicrob
Agents 20203

Addition of azithromycin to
hydroxychloroquine (n=6) resulted
in a more rapid decrease in viral
load compared to
hydroxychloroquine treatment
alone in one open-label trial in
France (see hydroxychloroquine
above)

Rosenberg et al. JAMA 2020°
(added 7/22/2020)
Population: hospitalized patients
Design: retrospective multicenter
cohort study
HCQ plus azithromycin, HCQ alone,
azithromycin alone, or neither
Results:
Patients in the treatment groups
had more severe disease at
baseline than those not treated
Compared with patients receiving
neither drug, there was no
difference in the in-hospital
mortality rate in patients who
received any of the 3 treatments
Patients who received HCQ plus
azithromycin had a higher risk of
cardiac arrest compared to those
who received neither drug
Limitations: observational data

S Arshad et al. Int J Infect Dis 2020**
(added July 7, 2020)

Population: Consecutive hospitalized
patients in a hospital system in
Michigan (n=2541)

Adverse Effects:
Gl disturbances, headache, dizziness,
hepatotoxicity, QT prolongation?

Drug Interactions:
Use with other drugs that prolong the QT
interval (such as chloroquine and
hydroxychloroquine) can result in additive
effects; avoid coadministration in patients
at high risk of QT interval prolongation;
ECG monitoring, correction of electrolyte
abnormalities, and avoidance of other QT
prolonging agents is recommended if
coadministered*®

In a cohort of 84 patients with COVID-19
who were treated with
hydroxychloroquine/azithromycin, QTc
was significantly prolonged; in 9 (11%)
patients, QTc was prolonged to >500 ms’

May increase the risk of toxicity with
digoxin, cyclosporine, tacrolimus

In vitro activity against some viruses
(influenza A HIN1 and Zika); no data on its
activity against SARS-CoV-2

Minimal data supporting efficacy in
COVID-19 in humans and cardiac toxicity
can occur when used with
chloroquine/hydroxychloroquine

Infectious Diseases Society of America
recommends against use with chloroquine
or hydroxychloroquine in the hospital
setting 8

NIH guidelines recommend against use of
hydroxychloroquine or chloroquine with
or without azithromycin® (updated
4/23/2021)

NIH guidelines recommend against use of
antibacterial therapy, including
azithromycin, in the absence of another
indication® (added 4/23/2021)

Some evidence of immunomodulatory and
anti-inflammatory activity; it has been
used as adjunctive treatment for other
respiratory conditions (such as COPD)

Pregnancy:
No evidence of fetal harm
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AZITHROMYCIN (continued)

Design: Multi-center, retrospective
observational study comparing
hydroxychloroquine alone or with
azithromycin, azithromycin alone or
neither
Results:
in-hospital mortality was 20.1%
with hydroxychloroquine +
azithromycin, 13.5% with
hydroxychloroquine, 22.4% with
azithromycin, and 26.4% with
neither drug (p<0.001)
82% of patients received
hydroxychloroquine within 24
hours of admission
Limitations: retrospective,
observational data

Mehra et al. Lancet 2020*? (added
5/26/20)
(updated 6/4/2020)

Retracted because of concerns about

the accuracy of the data and

analysis; an independent audit was

not possible because the full dataset

was not made available
Population: hospitalized patients
with COVID-19 who received
chloroquine or HCQ with or without
a macrolide within 48 hrs of
diagnosis; control patients did not
receive treatment with these drugs
(n=96,032)

Design: observational analysis of

multinational registry

Results:
treatment was associated with an
increased risk of in-hospital
mortality and ventricular
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AZITHROMYCIN (continued)

arrhythmia compared to control

group
Limitation: observational

J Magagnoli et al 2020** (updated

4/28/2020)

Population: hospitalized male

patients in VA medical centers across

the US (n=368)

Design:
Retrospective; HCQ vs HCQ plus
azithromycin vs no HCQ

Results:
No significant difference in the rate
of mechanical ventilation between
groups (13.3% HCQ, 6.9% HCQ +
azithromycin, and 14.1% no HCQ)
Compared to no HCQ, rates of
death higher in the HCQ group, but
not the HCQ + azithromycin group
(11.4% no HCQ vs 27.8% with HCQ
and 22.1% with HCQ +
azithromycin)

Limitations: retrospective, not peer

reviewed

Cavalcanti et al. NEJM 2020 (added
7/23/2020)
Population: hospitalized patients
with suspected or confirmed COVID-
19 receiving no supplemental oxygen
or a max of 4 L/min (n=667
randomized; n=504 with confirmed
COVID-19 in the modified intention-
to-treat)
Design: open-label, multicenter
randomized controlled trial
HCQ 400 mg bid vs HCQ 400 mg bid
plus azithromycin 500 mg once/day
x 7 days vs standard care alone
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AZITHROMYCIN (continued)

Results:
Treatment started a median of 7
days after symptom onset; patients
who started treatment up to 14
days after symptom onset were
included
HCQ alone or with azithromycin did
not improve clinical status at 15
days on an ordinal scale compared
to standard care alone (primary
endpoint in the modified intention-
to-treat population, which included
only those with confirmed COVID-
19)
QT interval prolongation and liver
enzyme elevations occurred more
frequently with HCQ with or
without azithromycin than with
standard care alone

Limitations: open-label trial, some

patients previously received

treatment

Barbosa Esper et al. 2020 (added

9/11/2020)

Population: symptomatic

outpatients with suspected COVID-19

evaluated by telemedicine in Brazil

(n=636)

Design: Prospective, observational
patients given hydroxychloroquine
plus azithromycin (n=412) were
compared to those who refused
medication (n=224)

Results:
mean time from symptom onset to
treatment was 5 days
1.9% of treatment group required
hospitalization compared to 5.4%
of control group (p<0.001)

1.17% of patients treated before
day 7 of symptoms needed
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AZITHROMYCIN (continued)

hospitalization compared to 3.2%

of patients treated after day 7
Limitations: not peer reviewed,
observational data

RHM Furtado et al Lancet
2020Y(added 9/18/2020)
Population: hospitalized patients in
Brazil with severe disease (requiring
>4 L/min supplemental oxygen, high-
flow nasal cannula, non-invasive
mechanical ventilation, or invasive
mechanical ventilation) (n=447;
n=397 in mITT with confirmed
CoVID)

Design: open-label, randomized trial
azithromycin plus standard care
(which included HCQ) vs standard
care alone

Results:
clinical status measured on an
ordinal scale at day 15 was similar
between the two groups
adverse events, including cardiac
arrhythmias, were not significantly
different between groups

Limitations: open-label; high-risk

population; some patients in control

group received macrolide during trial

RECOVERY TRIAL Lancet 202118
(updated 2/15/2021)
Population: hospitalized adults with
COVID-19 in the UK (n=7763)
Design: randomized, open-label,
adaptive platform
Azithromycin 500 mg QD x 10 days
vs standard care alone
Results:
28-day mortality rate was 22%
(561/2582) with azithromycin and
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AZITHROMYCIN (continued)

22% (1162/5181) with standard
care alone
Duration of hospitalization or risk
of requiring ventilation was also
not significantly reduced with
azithromycin
Limitations: open-label, hospitalized
patients only

PRINCIPLE Trial Lancet 2021%°
(added 3/7/2021)
Population: outpatient adults in the
UK with suspected COVID-19 who
were at risk of an adverse clinical
outcome (265 years old or 250 years
old with 1 or more comorbidities)
(n=2265)
Design: primary care, randomized,
open-label, multi-arm, adaptive
platform trial
Azithromycin 500 mg/day x 3 days,
usual care plus other interventions,
or usual care alone
Results:
80% of patients treated with
azithromycin and 77% of patients
treated with usual care reported
feeling recovered within 28 days
(HR 1.08; 95% Bayesian credibility
interval 0.95-1.23)
3% of patients in the azithromycin
group and 3% in the usual care
group were hospitalized
Limitation: open-label; included
patients without SARS-CoV-2 PCR
test results
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AZITHROMYCIN (continued)

Hinks et al. ATOMIC2 Lancet Respir

Med 20212%°

(added 7/15/2021)

Population: adults who presented to

hospitals in the UK with highly

probable or confirmed COVID-19

who were symptomatic <14 days and

were considered suitable for

ambulatory management (n=298)

Design: randomized, open-label trial
azithromycin 500 mg PO once/day
x 14 days plus standard care vs
standard care alone

Results:
10% of patients who received
azithromycin and 12% of those who
received standard care alone were
hospitalized or died during the
study (adjusted odd ratio 0.91; 95%
Cl 0.43-1.92; p=0.80)

Limitations: small open-label trial;

PCR confirmation not required for

enrollment

Oldenburg et al. JAMA 2021*

(added 7/23/2021)

Population: adult outpatients in the

US with a positive SARS-CoV-2 test

result within 7 days prior to

enrollment (n=263)

Design: remote, randomized trial
Azithromycin 1.2g PO x 1 dose vs
placebo

Results:

Trial terminated early for futility
At day 14, 50% of azithromycin-
treated patients were symptom
free and 50% of placebo-treated
patients were symptom free

By day 21, 5 patients treated with
azithromycin were hospitalized
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AZITHROMYCIN (continued) compared to 0 of those given

placebo (p=0.16)
Limitations: terminated early,
primary outcome changed,
nonadherence

1. FDA-approved for other indications.

2. Experimental dosage used for treatment of COVID-19 in trials, but optimal dosage not yet established.

3. P Gautret et al. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-randomized clinical trial. Int J Antimicrob Agents 2020 March 20 (epub).

4. RL Woosley and KA Romero. QT drugs list. Available at: www.crediblemeds.org. Accessed March 31, 2020.

5. DN Juurlink. Safety considerations with chloroquine, hydroxychloroquine and azithromycin in the management of SARS-CoV-2 infection. CMAJ 2020 April 8 (epub).

6. DM Roden et al. Drug interactions on QTc in exploratory COVID-19 treatment. Circulation 2020 April 8 (epub).

7. EChorin et al. The QT interval in patients with COVID-19 treated with hydroxychloroquine and azithromycin. Nat Med 2020 April 24 (epub).

8. A Bhimraj et al. Infectious Diseases Society of America guidelines on the treatment and management of patients with COVID-19. Available at: https://www.idsociety.org/practice-
guideline/covid-19-guideline-treatment-and-management/. Accessed August 23, 2020.

9. National Institutes of Health (NIH). Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed April 23, 2021.

10. ES Rosenberg et al. Association of treatment with hydroxychloroquine or azithromycin with in-hospital mortality in patients with COVID-19 in New York State. JAMA 2020; 323:2493.

11. S Arshad et al. Treatment with hydroxychloroquine, azithromycin, and combination in patients hospitalized with COVID-19. Int J Infect Dis 2020 July 1 (pre-proof).

12. MR Mehra et al. Hydroxychloroquine or chloroquine with or without a macrolide for treatment of COVID-19: a multinational registry analysis. Lancet 2020 May 22 (epub).

13. MR Mehra et al. Retraction — hydroxychloroquine or chloroquine with or without a macrolide for treatment of COVID-19: a multinational registry analysis. Lancet 2020 June 4 (epub).

14. J Magagnoli et al. Outcomes of hydroxychloroquine usage in United States veterans hospitalized with COVID-19. Medrxiv 2020 (epub) Available At:
https://www.medrxiv.org/content/10.1101/2020.04.16.20065920v2.full.pdf+html. Accessed April 28, 2020.

15. AB Cavalcanti et al. Hydroxychloroquine with or without azithromycin in mild-to-moderate Covid-19. N Engl J Med 2020 July 23 (epub).

16. R Barbosa Esper et al. Empirical treatment with hydroxychloroquine and azithromycin for suspected cases of COVID-19 followed-up by telemedicine. Available at:
https://pgibertie.files.wordpress.com/2020/04/2020.04.15-journal-manuscript-final.pdf. Accessed September 11, 2020.

17. RHM Furtado et al. Azithromycin in addition to standard of care versus standard of care alone in the treatment of patients admitted to the hospital with severe COVID-19 in Brazil
(COALITION 11): a randomised clinical trial. Lancet 2020 September 4 (epub).

18. RECOVERY Collaborative Group. Azithromycin in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-label, platform trial. Lancet 2021; 397:605.

19. PRINCIPLE Trial Collaborative Group. Azithromycin for community treatment of suspected COVID-19 in people at increased risk of an adverse clinical course in the UK (PRINCIPLE): a
randomised, controlled, open-label, adaptive platform trial. Lancet 2021; 397:1063.

20. TSC Hinks et al. Azithromycin versus standard care in patients with mild-to-moderate COVID-19 (ATOMIC2): an open-label, randomised trial. Lancet Respir Med 2021 July 9 (epub).

21. CE Oldenburg et al. Effect of oral azithromycin vs placebo on COVID-19 symptoms in outpatients with SARS-CoV-2 infection: a randomized clinical trial. JAMA 2021; 326:490.
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ATAZANAVIR? (ATV) -
REYATAZ (BMS) AND GENERICS

Dosage:
Optimal dosage/duration not
established

300-400 mg PO once/day?

DARUNAVIR/COBICISTAT?! -
PREZCOBIX
(JOHNSON & JOHNSON)

Dosage:
800/150 mg
PO once/day x 5 days’

Predicted to inhibit SARS-CoV-2
replication*

No clinical trial data available

Shanghai Public Health Clinical
Center (SPHCC)3°
Population: hospitalized patients
(n=30)
Design:
randomized, open label
darunavir/cobicistat 800/150 mg
once/day x 5 days vs standard care
Results:
darunavir/cobicistat was not
effective

Adverse Effects:
Nausea, diarrhea, asymptomatic indirect
hyperbilirubinemia, rash, nephrolithiasis,
cholelithiasis, PR interval prolongation

Drug Interactions:
Substrate of CYP3A4 and inhibitor of
CYP3A4 and CYP2C8>

Use of drugs that increase gastric pH, such
as PPls, H2-antihistamines, and antacids
may decrease absorption of atazanavir;
administer atazanavir 2 hours before or
10 hours after an H2-antihistimine;
consider avoiding use of PPIs

Adverse Effects:
Nausea, diarrhea, increased
transaminases, headache, rash, severe
skin reactions (including Stevens-Johnson
syndrome)

Drug Interactions:
Substrate and inhibitor of CYP3A4 and
CYP2D6°

No clinical trials available evaluating use of
atazanavir for COVID-19

Available in powder form or capsules can
be opened for administration via enteral
tube

NIH recommends against use of HIV
protease inhibitors, except in the context
of a clinical trial, because of unfavorable
pharmacodynamics and negative clinical
trial data®

Pregnancy:
Does not appear to increase the risk of
major birth defects

An initial laboratory study had suggested
darunavir (at exposures higher than those
achieved in humans) may be effective
against SARS-CoV-2

No evidence that darunavir is effective for
treatment of COVID-19

NIH recommends against use of HIV
protease inhibitors, except in the context
of a clinical trial, because of unfavorable
pharmacodynamics and negative clinical
trial data®

Pregnancy:
Not recommended for use in pregnant
women
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LOPINAVIR/RITONAVIR!
(LPV/RTV) — KALETRA (ABBVIE)

(updated 10/19/2020)
Dosage:
Optimal dosage/duration not
established
Dosages/duration/
concomitant drugs used in
COVID-19 clinical trials have
varied
400/100 mg PO bid?
With or without food

Tablets should not be crushed
(decrease exposure)

B Cao et al. NEJM 2020°
Population:
hospitalized patients w/
pneumonia, Sa0; £94% or
Pa0,:FiO; €300 mm Hg (n=199)
median time from symptom onset
to randomization was 13 days
Design:
randomized, open-label vs
standard care
Results:
no statistically significant difference
in time to clinical improvement
(median of 16 days in both groups),
time to discharge (median 12 days
with LPV/RTV vs 14 days with
standard care), mortality (19.2% vs
25.0%), or viral load reduction
Limitations:
not blinded
treatment started long after
symptom onset

Schoergenhofer et al. Ann Intern
Med 2020%5(added 7/22/2020)
Population: hospitalized patients
admitted to “normal care” ward
(n=8)
Design: case series; pharmacokinetic
analysis
Results:
median trough lopinavir
concentrations 13.6 mcg/mL
to achieve half-maximal effective
concentration (ECso) for SARS-CoV-
2, lopinavir trough concentrations
would need to be 60- to 120-fold
higher

Adverse Effects:
Diarrhea, nausea, vomiting, headache,
asthenia, hepatoxicity, pancreatitis, PR
and QT interval prolongation,
bradycardia'®

Drug Interactions:
Substrate and inhibitor of CYP3A4>

Avoid use with other PR or QT interval-
prolonging drugs'?

In vitro activity against SARS-CoV, and
MERS-CoV; data in SARS-CoV-2 limited

Society of Critical Care Medicine
recommends against use of LPV/RTV in
critically ill patients'?

Infectious Diseases Society of America
recommends use only in the context of a
clinical trial*3

NIH recommends against use of HIV
protease inhibitors, except in the context
of a clinical trial, because of unfavorable
pharmacodynamics and negative clinical
trial data®

Pregnancy:
No association with teratogenic effects;
may be associated with preterm delivery
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LOPINAVIR/RITONAVIR
(continued)

Limitations: small case series; only
trough concentration evaluated; no
in vivo data on ECso dose of lopinavir
for SARS-CoV-2

RECOVERY Group. Lancet 20206
(added 10/6/2020)
Population: hospitalized patients in
the UK (n=5040)
Design: randomized, open-label,
platform trial
LPV/RTV 400/100 mg or standard
care x 10 days
Results:
Mortality at 28 days was 23% with
LPV/RTV and 22% with standard
care (p=0.60)
Time until discharge was a median
of 11 days in both groups
In patients not on baseline invasive
mechanical ventilation, no
significant difference in number of
patients who met a composite
endpoint of invasive mechanical
ventilation or death
Results consistent across subgroups
Limitations: open-label, very few
intubated patients, unclear if dose
achieved adequate lung
concentrations

WHO SOLIDARITY 2020%

(update 10/19/2020; 12/2/2020)
LPV/RTV arm stopped on July 4,
2020

Population: hospitalized patients with

COVID-19 at 405 hospitals in 30

countries (n=11,330 patients

randomized; n=1411 to LPV/RTV)

Design: randomized, open-label trial

evaluating remdesivir, HCQ, LPV/RTV,
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LOPINAVIR/RITONAVIR and interferon-beta 1a compared to
(continued) local standard of care

Results:
LPV/RTV did not reduce mortality,
need for ventilation, or duration of
hospitalization
death rate ratio with LPV/RTV was
1.00 (95% Cl 0.79-1.25; 148/1399 vs
146/1372 control; p=0.97)
ventilation initiated after
randomization in 124 patients in the
LPV group vs 119 in the control group
68% of patients who received LPV
were still hospitalized at day 7 vs 59%
in the control group
Limitations: interim results; open-
label; conducted in many varied
settings around the world; timing of
treatment initiation not standardized

g9 & e Gn

10.
11.
12.

13.

14.
15.
16.
17.

FDA-approved for other indications.

Dosage for treatment of COVID-19 not established.

BR Beck et al. Predicting commercially available antiviral drugs that may act on the novel coronavirus (SARS-CoV-2) through a drug-target interaction deep learning model. Computational
and Structural Biotechnology Journal 2020; 18:784.

YC Chang et al. Potential therapeutic agents for COVID-19 based on the analysis of protease and RNA polymerase docking. Available at:
file:///C:/Users/smorey/Downloads/preprints202002.0242.v1.pdf. Accessed April 12, 2020.

Inhibitors and inducers of CYP enzymes and P-glycoprotein. Med Lett Drugs Ther 2019 November 6 (epub). Available at: medicalletter.org/downloads/CYP_PGP_Tables.pdf.

National Institutes of Health (NIH). Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. Available at: https://covid19treatmentguidelines.nih.gov/. Accessed April 28, 2020.
Dosage used for treatment of COVID-19 in trials; optimal dosage not established.

Johnson & Johnson. Lack of evidence to support use of darunavir-based treatments for SARS-CoV-2. Available at: https://www.jnj.com/lack-of-evidence-to-support-darunavir-based-hiv-
treatments-for-coronavirus. Accessed March 31, 2020.

Efficacy and safety of darunavir and cobicistat for treatment of pneumonia caused by 2019-nCoV (DACO-nCoV). Available at: https://clinicaltrials.gov/ct2/show/study/NCT04252274.
Accessed March 31, 2020.

B Cao et al. A trial of lopinavir-ritonavir in adults hospitalized with severe Covid-19. N Engl J Med 2020; 382:1787.

RL Woosley and KA Romero. QT drugs list. Available at www.crediblemeds.org. Accessed March 31, 2020.

W Alhazzani et al. Surviving Sepsis Campaign: guidelines on the management of critically ill adults with COVID-19. Crit Care Med 2020 March 27 (epub). Available at:
https://journals.lww.com/ccmjournal/Abstract/onlinefirst/Surviving_Sepsis_Campaign__Guidelines_on_the.95707.aspx. Accessed April 13, 2020.

A Bhimraj et al. Infectious Diseases Society of America guidelines on the treatment and management of patients with COVID-19. Available At: https://www.idsociety.org/practice-
guideline/covid-19-guideline-treatment-and-management/. Accessed April 13, 2020.

C Beyls et al. Lopinavir-ritonavir treatment for COVID-19 infection in intensive care unit: risk of bradycardia. Circ Arrhythm Electrophysiol 2020 July 9 (epub).

C Schoergenhofer et al. Pharmacokinetics of lopinavir and ritonavir in patients hospitalized with coronavirus disease 2019 (COVID-19). Ann Intern Med 2020 May 12 (epub).

RECOVERY Collaborative Group. Lopinavir-ritonavir in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-label platform trial. Lancet 2020; 396:1345.
WHO Solidarity Trial Consortium. Repurposed antiviral drugs for Covid-19; interim WHO Solidarity Trial results. N Engl ) Med 2021; 384:497.
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INTERFERON BETA-1B —
BETASERON
EXTAVIA

RIBAVIRIN -
REBETOL, AND GENERICS

(added 5/14/2020; updated
10/19/2020)

Dosage:
Optimal dosage unknown

Dosage used in clinical trial:
Interferon beta-1b: 1 mL on
alternate days x 1-3 doses
depending on day of initiation

Ribavirin: 400 mg q12h x 14
days

Hung et al. Lancet 2020!
Population: hospitalized patients
with symptom duration <14 days
(n=127)
Design:
prospective, randomized, open-
label, multi-center
LPV/RTV + ribavirin + interferon
beta-1b vs LPV/RTV x 14 days
Treatment started within 48 hrs of
admission
Results:
Time to negative nasopharyngeal
swab shorter with triple
combination vs LPV/RTV (7 vs 12
days; p=0.0010)
Time to alleviation of symptoms: 4
days with combination vs 8 days
with LPV/RTV (p<0.0001)
Limitations: patients presenting 27
days from symptom onset did not
receive interferon due to concerns
about proinflammatory effects; no
critically ill patients included

Adverse Effects:
Hung et al trial found no difference in
adverse events between 2 groups

Interferon: injection- depression site
reactions, flu-like symptoms,
transaminase elevations, possible cardiac
toxicity, autoimmune disorders, allergic
reactions, hepatotoxicity, seizures,
suicidal ideation, lymphopenia

Ribavirin: hemolytic anemia, leukopenia,
cough, dyspnea, bronchospasm, rash,
conjunctival irritation, neuropsychologic
symptoms

Drug Interactions:
Ribavirin: may decrease anticoagulant
effect of warfarin, increase
concentrations of azathioprine, increased
risk of hepatic decompensation and lactic
acidosis with NRTIs, additive
myelosuppression with interferons,
linezolid, clozapine, adalimumab

Interferons modulate immune response
and may have antiviral properties

In vitro activity against SARS-CoV and
MERS-CoV, but did not appear to improve
disease outcomes in human studies?

Society of Critical Care Medicine
recommends against use of LPV/RTV in
critically ill patients and states the
evidence is insufficient to recommend
interferons or ribavirin3

NIH guidelines recommend against use of
interferons in patients with severe or
critical illness, except in a clinical trial; they
state there are insufficient data to
recommend for or against use in patients
with early (<7 days from symptom onset)
mild and moderate illness*

If administered, should be given early in
course of disease

Peginterferon lambda (not available in the
US) accelerated viral decline in outpatients
with COVID-19 in a phase 2 trial’ (added
2/10/2021)

Pregnancy:
Interferon:

may cause fetal harm, based on data from
animal studies

data from pregnancy registries have not
found an association between interferon
exposure and major birth defects

Ribavirin:

contraindicated in pregnant women and in
men whose partners are pregnant
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pregnancy should be avoided for 6 months
after treatment in women who received
the drug and in women whose partners
received the drug

INTERFERON BETA-1A —
INHALED (SNGO001)

(updated 1/13/2021)

Dosage:
6 MIU by inhalation via a
mouthpiece once daily x 14
days®

PD Monk et al. Lancet Respir Med —

Inhaled Interferon® (added

7/20/2020; updated 11/13/2020)

Population: hospitalized patients in

UK (n=101)

Design: phase 2 randomized, double-

blind, placebo-controlled trial
Inhaled nebulized interferon beta-
1a (SNGO0O01) vs placebo

Results:
Mean symptom duration before
starting treatment (9.6 days
interferon vs 9.8 days placebo)
Odds of improvement on the WHO
Ordinal Scale for Clinical
Improvement (OSCl) scale was
more likely with interferon (HR
2.32; 95% Cl 1.07-5.04; p=0.033)
Development of severe disease
(requiring ventilation or death) was
nonsignificantly less likely in the ITT
population with interferon than
with placebo (OR 0.28; 95% Cl 0.07-
1.08; p=0.064)
Breathlessness reduced in patients
receiving interferon compared to
placebo (p=0.007)
0 deaths with interferon; 3 deaths
with placebo
In patients with more severe
disease on admission (requiring
supplemental oxygen), interferon
nonsignificantly increased the
likelihood of hospital discharge
(p=0.096)

The most common adverse effect in the
clinical trial was headache (15% vs 10%
with placebo)

Cough, decreased oxygen saturation,
diarrhea, dry throat, oral pain, night
sweats, tremor were also reported

Interferons modulate immune response
and may have antiviral properties

In vitro activity against SARS-CoV and
MERS-CoV, but did not appear to improve
disease outcomes in human studies?

SARS-CoV-2 suppresses interferon beta

Patients with COVID-19 who develop more
severe disease may have decreased
interferon activity

If administered, should be given early in
course of disease

NIH guidelines recommend against use of
interferons in patients with severe or
critical illness, except in a clinical trial; they
state there are insufficient data to
recommend for or against use in patients
with early (<7 days from symptom onset)
mild and moderate illness*

Nebulized interferon not available in the US
(added 7/20/2020)

WHO SOLIDARITY trial arm of interferon
beta-1a was stopped on October 16, 2020;
no effects of IV interferon beta-1a compared
to control on mortality (rate ratio, 1.16; 95%
Cl1 0.96-1.39; p=0.11), ventilation, or duration
of hospital stay were found® (added
10/19/2020; updated 12/2/2020)
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INTERFERON BETA-1A -
INHALED (SNG001) (continued)

Median time to discharge was 6
days with interferon and 9 days
with placebo

Limitations: phase 2 trial; only in
hospitalized, non-critically ill
patients; limited sample size

Synairgen initiating a phase 3 trial in the
UK to evaluate use of an inhaled interferon
beta 1a formulation (SNG001) for
treatment of COVID-19 in hospitalized
patients who require supplemental oxygen
(added 1/13/2021)

Pregnancy:

data from pregnancy registries have not
found an association between interferon
exposure and major birth defects

INTERFERON ALPHA-2b
(inhaled)

(added 5/25/2021)

J Yu et al. BrJ Clin Pharmacol 20218
(added 5/25/2021)
Population: hospitalized adult
patients with COVID-19 in China
(n=1401)
Design: retrospective study
852 (60.8%) patients received
treatment with inhaled interferon
alpha-2b 5 000 000 U twice daily
Results:
After adjusting for confounders,
use of interferon alpha-2a was
associated with a lower risk of the
composite outcome of