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COVID-19: Preventative Agents & Therapeutics

&lild to Moderate
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remdesivir
(" covip-1 ) -ﬁwonoclonal N 6ral Antivirals \ tocilizumab
VACCINES Antibodies for « Paxlovid™ (Pfizer) - \
PEP. N « molnupiravir (Merck) dexamethasone |
Moqoclc?nal ’ pasmynmab % Monoclonal Antibodies g T
Antibodies for imdevimab for Treitment baricitinib
P(EP : (RGN)'T . + sotrovimab (GSK/Vir)
“{ageviman + * bamlanivimab + 1 | . peptelovimab (Lilly)
Glgaveman; () etesevimab * bamlanivimab +
\ j \ (Lilly) / etesevimab (Lilly)**
» casirivimab +

\imdevimab (RGN)*™ **Not currently authorized for use anywhere in
the U.S. due to the prevalence of Omicron.

INIH COVID-19 Treatment Guidelines https://www.covid19treatmentguidelines.nih.gov/about-the-guidelines/whats-new/
Therapeutic Management of Nonhospitalized Adults With COVID-19 https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/nonhospitalized-adults-—-therapeutic-management/



The NEW ENGLAND JOURNAL of MEDICINE

Vaccines Neutralizing Monoclonal Antibodies Immune Modulators
Bamlanivimab—etesevimab Bamlanivimab-etesevimab Baricitinib
BAMLA BAMLA
MRNA-1273: : Casirivimab-imdevimab Casirivimab—imdevimab Dexamethasone
messenger RNA vaccine
(Moderna) REGEN-COV REGEN-COV
BNT1&2b2: Tixagevimab plus <ot Tocikizumab
messenger RNA vaccine Cilgavimab (Evusheld)
(Pfizer—BioMTech)
Antivirals
Molnupiravir Remdesivir

MNirmatrelvir-ritonavir

(Paxlovid)
Remdesivir
Outpatient e rpatient
Mild-to-moderate Severe-to-critical
Covid-19 Covid-19
Uninfected Exposed, Uninfected Infected with SARS-CoV-2

N EnglJ Med. 2021 Dec 22 : NEJMe2118579



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8757566/

Article

Considerableescape of SARS-CoV-2 Omicron
to antibody neutralization

MNature | Vol 802 | 24 February 2022 |
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8757566/

Tixagevimab/Cilgavimab: Long acting antibody Combination

2 human monoclonal antibodies

Highly potent with favorable safety profile
Retained neutralizing activity against VOC
Extended half-life

Efficacy was shown for pre-exposure prophylaxis in
high-risk populations




Tixagevimab/Cilgavimab: Long acting antibody Combination

Viral entry mechanism
of SARS-CoV-2

SARS-CoV-2 I

RBD of spike
Spike protein binds to
protein ACEZ2 receptor

ACE2
receptors

Target SARS-CoV-2 spike protein

SARS-CoV-2 %
mAb1l s 55 L

® @

Tixagevimab Cilgavimab

\Y:YI

SARS-CoV-2 TIXA/CILGA

Virus cannot bind and
infection is prevented

I Adapted from “Proposed Therapeutic Treatments for COVID-19
Host ce Targeting Viral Entry Mechanism”, by BioRender.com (2021). Retrieved
from https://app.biorender.com/biorender-templates



PROVENT: Phase lll Randomized, Double-blind, Placebo-
Controlled Study of Tixagevimab/Cilgavimab for PrEP (n=5197)

Inclusion criteria: TIXA/CILGA

e Adults age 218 years at increased 300 mg single dose (x2 Primary endpoints:
risk for inadequate response to IM injections of 1.5 mL
vaccination or SARS-CoV-2 each) Efficacy endpoint:
infection n=3460 SARS-CoV-2 RT-PCR-

e Negative point-of-care SARS-CoV-2 positive symptomatic
serology test and unvaccinated at Randomization illness within 183 days
screening 2:1 post-single dose

* Negative RT-PCR at dosing

Safety Endpoint:

- TR Placebo (normal saline) Adverse events through
Ex_clusmn criteria: S o g 050 62 T 457 days (15 mo) post.
e History of laboratory-confirmed injections of 1.5 mL dose

COVID-19 infection, SARS, MERS each)

e Prior vaccine or mAb/biologic n=1737

for COVID-19

Conducted in the UK, US, Spain, Belgium,
and France



Results

78% of participants had baseline comorbidities

Adults aged
CvD Obese 260 years CKD
@ O 0 0 O
m <60 yea ﬁ = A G0
423 (8.1%) 2,168 (41.7%) 2,257 (43.4%) 270 (5.2%)
w260 yea Chronic COPD Immuno-
liver disease suppressed

o) (Y (®

240 (4.6%) 274 (5.3%) 196 (3.8%)



Results: After 3 months follow up

Reduction in the incidence of symptomatic oc C'T'j';:gy% o001
. . -90; p<u.
COVID-19 with TIXA/CILGA compared with (95% Cl, 46-90,/p=0.001)
placebo
()
g 12 _
. Number of cases o (n=17)
Case severity o 10
TIXA/CILGA Placebo 5
5 go.8
Severe/critical COVID- 0 1 = o
X 0.6
19 S 8
= O
Total symptomatic 25/5172 g o4 (n=8)
cases RRR: 77% (95% Cl, 46-90) 2 02
£
u>). 0.0

® Placebo (n=1731) = TIXA/CILGA (n=3441)



Results: Adverse events

No. (%) of participants with: TI():‘ééglsl'lG)A (f\ljlcsgg)

>1 AE 1221 (35.3) 593 (34.2)

>1 SAE 50 (1.4) 23 (1.3)

21 Treatment-related SAE 1 (<0.1) 0

21 AE leading to study withdrawal 1 (<0.1) 0

>1 AESI 93 (2.7) 37 (2.1)
Injection site reaction 82 (2.4) 36 (2.1)
Anaphylaxis 1 (<0.1) 0
Immune complex disease 1 (<0.1) 0
Other 9 (0.3) 2 (0.1)

AEs were balanced between the TIXA/CILGA and placebo groups




Results: Adverse events

TIXA/CILGA Placebo

No. (%) of: (n=3461) (n=1736)
Participants with mild AEs 761 (22.0) 369 (21.3)
Participants with moderate AEs 387 (11.2) 191 (11.0)
Participants with severe AEs 64 (1.8) 27 (1.6)
Deaths 4(0.1) 4 (0.2)
Myocardial infarction 1 (<0.1) 0
lllicit drug overdose 2(0.1) 2(0.1)
Renal failure 1 (<0.1) 0

COVID-19/ARDS 0 2 (0.1)

Most AEs were of mild or moderate severity




6.5-month follow-up: Reduction in the incidence of symptomatic
COVID-19 with TIXA/CILGA compared with placebo

Number of cases

: Relative Risk
Case severity i
TIXA/CILGA Placebo Reduction
Severe COVID-19 0 : .
83%
Symptomatic cases 11/3441 31/1731 (95% Cl,
66-91)

TIXA/CILGA reduced the risk of symptomatic disease by 83% through 6.5-month follow-up



Climical Review & Education

From The Medical Letter on Drugs and Therapeutics

Tixagevimab and Cilgavimab (Evusheld) for Pre-Exposure Prophylaxis

of COVID-19

The FDA has issued an Emergency Use Authorization (EUA) for the
investigational long-acting monoclonal antibodies tixagevimab and
cilgavimab (Evusheld - AstraZeneca) to be administered concomi-
tantly by IM injection for pre-exposure prophylaxis of COVID-19 in
persons =12 years old who weigh =40 kg and have either a history
of severe allergy that prevents their vaccination against COVID-19
or moderate or severe immune compromise (see Box). They are the
first drugs to be authorized by the FDA for this indication. Two other
pairs of antibodies, bamlanivimab plus etesevimab (Lilly) and
casirivimab plusimdevimab (REGEN-COV), are authorized for post-
exposure prophylaxis of COVID-19.22

Box. Some Moderately or Severely Immunocompromising

Conditions™

» Moderate or severe primary immunodeficiency

» Advanced or untreated HIV infection

» Receipt of CAR T-cell therapy or hematopoietic cell transplant
within the previous 2 years

« Active treatment for a solid tumor or hematologic malignancy

» Use of immunosuppressive therapy after a solid-organ transplant

« Active treatment with other immunosuppressive or
immuno-modulatory drugs, such as high-dose corticosteroids
(=20 mg/d of prednisone or equivalent) and tumor necrosis
factor (TNF) inhibitors.

JAMA January 25, 2022 Volume 327, Mumbser 4



/N COVID-19 is an emerging, rapidly evolving situation + Latest public health information from CDC - Latest research information from NIH

 COVID-19 Treatment Guidelines

About the Guidelines ~ Overview v Management v Therapies v Special Populations ~

Prevention of SARS-CoV-2 Infection

Lasr Updared: February I, 2022

Summary Recommendations

* The COVID-19 Treatment Guidelines Panel (the Panel) recommends COVID-19 vaccination as soon as possible
for everyone who is eligible according to the Centers for Disease Control and Prevention's Advisory Committee on
Immunization Practices (Al).

« The Panel recommends using tixagevimab plus cilgavimab (Evusheld) administered as intramuscular injections as
SARS-CoV-2 pre-exposure prophylaxis (PrEP) for adults and adolescents (aged =12 years and weighing =40 kg) who
do not have SARS-CoV-2 infection, who have not been recently exposed to an individual with SARS-CoV-2 infection,

AND who:

= Are moderately to severely immunocompromised and may have inadequate immune response to COVID-19
vaccination (Blla); or

= Are not able to be fully vaccinated with any available COVID-19 vaccines due to a documented history of severe
adverse reaction to a COVID-19 vaccine or any of its components (Alla).

= Tixagevimah plus cilgavimab is not a substitute for COVID-19 vaccination and should not be used in unvaccinated
individuals for whom COVID-19 vaccination is recommended and who are anticipated to have an adeguate
response.

= |f supplies of tixagevimab plus cilgavimab are limited, priority for use as PrEP should be given to those who are at the
highest risk for severe COVID-19.

* The Panel recommends against the use of bamlanivimab plus etesevimab and casirivimab plus imdevimab for
post-exposure prophylaxis (PEP), as the B.1.1.529 (Omicron) variant, which is not susceptible to these agents, is
currently the predominant variant circulating in the United States (Alll).




IDSA Guidelines on the
Treatment and Management of
Patients with COVID-19

Published by IDSA on 4/11/2020. Last updated, 3/23/2022

Recommendation 19: In moderately or severely immunocompromised individuals* at increased risk for
inadequate immune response to COVID-19 vaccine or for whom COVID-19 vaccine is not recommended
due to a documented serious adverse reaction to the vaccine, the IDSA guideline panel suggests pre-
exposure prophylaxis with tixagevimab/cilgavimab rather than no tixagevimab/cilgavimab. (Conditional

recommendation, Low certainty of evidence)



IDSA Guidelines on the
Treatment and Management of
Patients with COVID-19

Published by IDSA on 4/11/2020. Last updated, 3/23/2022

Figure 2. FDA EUA criteria for the use of tixagevimab/cilgavimab for pre-exposure prophylaxis of COVID-
19 in moderately or severely immunocompromised patients !

According to the FDA Emergency Use Authorization of Evusheld, medical conditions or
treatments that may result in moderate to severe immune compromise include but are not
limited to:

* Active treatment for solid tumor and hematologic malignancies

e Receipt of solid-organ transplant and taking immunosuppressive therapy

* Receipt of chimeric antigen receptor (CAR)-T-cell or hematopoietic stem cell transplant
(within 2 years of transplantation or taking immunosuppression therapy)

e Moderate or severe primary immunodeficiency (e.g., DiGeorge syndrome, Wiskott-
Aldrich syndrome)

s Advanced or untreated HIV infection (people with HIV and CD4 cell counts <200mm?,
history of an AIDS-defining illness without immune reconstitution, or clinical
manifestations of symptomatic HIV)

e Active treatment with high-dose corticosteroids (i.e., 220 mg prednisone or equivalent
per day when administered for 22 weeks), alkylating agents, antimetabolites, transplant-
related immunosuppressive drugs, chancer chemotherapeutic agents classified as
severely immunosuppressive, tumor-necrosis (TNF) blockers, and other biologic agents
that are immunosuppressive or immunomodulatory (e.g., B-cell depleting agents)
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Mild-moderate COVID high risk patients
Antivirals

e Remdesivir
e Paxlovid

* Molnupiravir



Remdaesivir

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JANUARY 27, 2022 VOL. 386 NO. 4

Early Remdesivir to Prevent Progression to Severe Covid-19
in Outpatients

R.L. Gottlieb, C.E. Vaca, R. Paredes, ). Mera, B.]. Webb, G. Perez, G. Oguchi, P. Ryan, B.U. Nielsen, M. Brown,
A. Hidalgo, Y. Sachdeva, S. Mittal, O. Osiyemi, ). Skarbinski, K. Juneja, R.H. Hyland, A. Osinusi, S. Chen, G. Camus,
M. Abdelghany, S. Davies, N. Behenna-Renton, F. Duff, F.M. Marty,* M.). Katz, A.A. Ginde, S.M. Brown,
J.T. Schiffer, and J.A. Hill, for the GS-US-540-9012 (PINETREE) Investigatorsf




Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Remdesivir Placebo Total
Characteristic (N=279) (N=283) (N=562)
Age —yr 50+15 51+15 50£15
Age category — no. (%)
260yr 83 (29.7) 87 (30.7) 170 (30.2)
<18yr 3(L]) 5 (L8) 8 (14)
Female sex — no. (%) 131 (47.0) 138 (48.8) 269 (47.9)
Residence in the United States — no. (%) 264 (94.6) 267 (94.3) 531 (94.5)
Race or ethnic group— no. (%)
White 228 (81.7) 224 (79.2) 452 (80.4)
5 62 PATIE NTS Black 20(7.2) 22 (7.8) 42 (7.5)
American Indian or Alaska Native 15 (5.4) 21 (7.4) 36 (6.4)
( P LAN NED 63 2) Asian, Native Hawaiian, or Pacific Islander 7(2.5) 7 (2.5) 14 (2.5)
Hispanic or Latinx 123 (44.1) 112 (39.6) 235 (41.8)
Other 3 (L1) 2 (0.7) 5 (0.9)
Body-mass index 31.2+6.7 30.8+5.8 31.0:6.2
Coexisting conditions — no. (%)
Diabetes mellitus 173 (62.0) 173 (61.1) 346 (61.6)
Obesity 154 (55.2) 156 (55.1) 310 (55.2)
Hypertension 138 (49.5) 130 (45.9) 268 (47.7)
Chronic lung disease 67 (24.0) 68 (24.0) 135 (24.0)
Current cancer 12 (4.3) 18 (6.4) 30 (5.3)
Cardiovascular or cerebrovascular disease 20(7.2) 24 (8.5) 44 (7.8)
Immune compromise 14 (5.0) 9(3.2) 23 (4.1)
Chronic kidney disease, mild or moderate 7(2.5) 11 (3.9) 18 (3.2)
Chronic liver disease 1(0.4) 1(04) 2(0.4)
Residence in skilled nursing facility — no. () 8(29) 7 (2.5) 15 (2.7)
Median duration of symptoms before first infusion 5 (3-6) 5 (4-6) 5 (3-6)
(IQR) — days
Median time since RT-PCR confirmation of SARS- 2 (1-3) 3 (1-4) 2 (1-4)
CoV-2 (IQR) — days
Mean SARS-CoV-2 RNA nasopharyngeal viral load 6.31£1.75 6.28+1.79 6.29+177
— log,, copies/mlz:




Table 2. Efficacy Calculated with the Use of a Cox Proportional-Hazards Model with Baseline Stratification Factors as Covariates.*

End Point
Primary efficacy end point

Covid-19-related hospitalization or death from any cause

by day 28 — no. (%) 1
Secondary efficacy end points

Remdesivir
(N=279)

2(0.7)

Placebo
(N=283)

15 (5.3)

Hazard Ratio
(95% CI)

0.13 (0.03 to 0.59)

P value

0.008

(0710 2 7m 15) nnmn Ix 119WURT '15'0 87% 7w T

Covid-19-related hospitalization or death from any cause 2 (0.7) 15 (5.3) 0.13 (0.03 to 0.59)
by day 14 — no. (%)
Covid-19-related medically attended visit or death from 290NN KON 7¥N DNIPRA NIND
any cause — no./total no. (%)%
Day 14 2/246 (0.8) 20/252 (7.9)  0.10 (0.02 to 0.43)
Day 28 4/246 (1.6) 21/252 (8.3)  0.19 (0.07 to 0.56)
I Death from any cause by day 28 — no. 0 0 NC I
Hospitalization for any cause by day 28 — no. (%){ 5 (1.8) 18 (6.4) 0.28 (0.10to 0.75)
Time-weighted average change in nasopharyngeal SARS- -1.24 -1.14 0.07 (-0.10to 0.24)9

CoV-2 viral load from baseline to day 7— log, |
copies/ml

Alleviated baseline Covid-19 symptoms, according to
FLU-PRO Plus questionnaire — no.ftotal no. ()]

Questionnaire completed before infusion on day 1

Questionnaire completed on day 1, either before or
after infusion — no.[total no. (%)

23/66 (34.8)
61/169 (36.1)

15/60 (25.0)
33/165 (20.0)

1.41 (0.73 to 2.69)*=
1.92 (1.26 to 2.94)*=




A Covid-19-Related Hospitalization or Death from Any Cause

Patients (%)

No. at Risk
Placebo
Remdesivir

1'}[._ 1']_
Hazard ratio, 0.13 (95% CI, 0.03-0.59)
90+ 97 p=0.008
E_
20—
?_
707 6 Placebo
60- 5- :
4_
50+ 3
40 2-
14 Remdesivir
30 |
—
0 I I I I I I I | I I I I |
20 0 2 4 & 8 10 12 14 16 18 20 22 24 26 28
104
ﬂ‘——FI#I T T T T T T | T T T |
0 2 4 [ 2 10 12 14 16 1% 20 22 24 26 28
Days since Randomization
283 280 72 271 265 264 264 263 262 261 261 260 256 250 227
279 276 272 272 271 268 268 768 264 264 264 264 260 252 226




B Covid-19-Related Medically Attended Visit or Death from Any Cause

100+

10—
Hazard ratio, 0.19 (95% CI, 0.07-0.56)
90 9 Placebo
2
30+
=
70+ 6
R 607 ]
4 ]
g " 3-
L y
& 40 2 Remdesivir
——
304 14 | I
0 I I I I I I I I I I I I I 1
20— 0 2 4 & g 10 172 14 16 18 20 22 24 326 28
104
0 | | | | | | | | | | | | | |
0 2 - b 3 10 12 14 16 13 20 27 24 26 23
Days since Randomization
No. at Risk
Placebo 252 149 241 239 230 33 128 1 225 24 124 113 219 713 193
Remdesivir 246 243 239 230 239 237 237 137 232 132 132 732 127 10 197




Subgroup

Residence in the United States
Age =60 yr
Male sex
Diabetes mellitus
Obesity
Hypertension
Ethnic group
Mot Hispanic or Latinx
Hispanic or Latinx
Chronic lung disease
Cardiovascular or cerebrovascular disease
Current cancer

Remdesivir

Placebo

no./total no. of patients (%)

2/264 (0.8)
1/83 (1.2)

1/148 (0.7
2/173
1/154
2/138

S it i

(1.2
(0.6
(1.4

2/146 (1.4)
0/123
0/67

0/20

0/12

12/267 (4.5)
9/87 (10.3)
9/145 (6.2)

14/173 (8.1)
9/156 (5.8)

10/130 (7.7)

8/158 (5.1)
6/112 (5.4)
468 (5.9)
2/24 (8.3)
2/18 (11.1)

Hazard Ratio (95% Cl)

0.17 (0.04-0.76)
0.11 (0.01-0.36)
0.11 (0.01-0.34)
0.14 (0.03-0.63)
0.11 (0.01-0.88)
0.17 (0.04-0.76)

0.26 (0.06-1.22)
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Figure 2. Covid-19—Related Hospitalization or Death from Any Cause at Day 28 in More Than 5% of the Trial
Population, According to Demographic and Clinical Characteristics at Baseline.

Hazard ratios and two-sided 95% confidence intervals (I bars) were estimated with the use of Cox regression with
the baseline stratification factors as covariates: residence in a skilled nursing facility (yes or no), age (<60 years or
=60 years), and country (United States or outside the United States). Analyses with stratification according to His-
panic or Latinx ethnic group were conducted post hoc. Hazard ratios and 95% confidence intervals for subgroups
with no events in the remdesivir group could not be accurately calculated and are therefore omitted. The dashed

line indicates a hazard ratio of 1.0.




Table 3. Adverse Events.*

Event

Primary safety end point: any adverse
event

Adverse events

MNausea

Headache

Cough

Diarrhea

Dyspnea

Fatigue

Ageusia

Anosmia

Dizziness

Chills

Pyrexia

Covid-19 pneumonia
Adverse event related to trial regimen
Serious adverse eventy

Adverse event leading to discontinuation
of trial regimen

Death

Remdesivir
(N=279)

Placebo
(N=283)

no. of patients (%)

118 (42.3)

30 (10.8)
16 (5.7)
10 (3.6)
11 (3.9)
7 (2.5)
10 (3.6)
8 (2.9)
9 (3.2)
5 (1.8)
6 (2.2)
1(0.4)
2 (0.7)
34 (12.2)
5 (1.8)
2 (07)

131 (46.3)

21 (7.4)
17 (6.0)
18 (6.4)
11 (3.9)
15 (5.3)
11 (3.9)
7(2.5)
6 (2.1)
10 (3.5)
8 (2.8)
11 (3.9)
8 (2.8)
25 (8.8)
19 (6.7)
5 (1.8)
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1637 Participants were assessed

for eligibility

|

204 Were screened but did
not undergo randomization

1433 Underwent randomization

regimen
8 Withdrew

716 Were assigned to receive maolnupiravir
680 Completed 5-day intervention period
30 Discontinued molnupiravir
10 Had adverse event
& Were not adherent to assigned

4 Had other reason
6 Did not receive molnupiravir

l

l

717 Were assigned to

20 Had adverse

regimen
5 Withdrew

665 Completed 5-day intervention period
36 Discontinued placebo

7 Were not adherent to assigned

4 Had other reason
16 Did not receive placebo

receive placebo

event

l

l

680 Completed 29-day trial period
30 Discontinued trial
22 Withdrew
1 Died
7 Had other reason

709 Were included in the medified
intention-to-treat population
7 Were excluded
1 Was hospitalized before
dose 1
& Did not receive molnupiravir

699 Were included in the medified
intention-to-treat population
13 Were excluded
2 Were hospitalized before
dose 1
16 Did not receive placebo

672 Completed 29-day trial period
29 Discontinued trial
15 Withdrew
9 Died
5 Had other reason

Figure 1. Randomization and Flow of Participants from Baseline through Day 29.




Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.

Mealnupiravir Placebo Total

Characteristic (N=718) (N=717) (N=1433)
Female sex — no. (%) 384 (53.6) 351 (49.0) 735 (51.3)
Age group — no. (%)

13-49yr 484 (67.6) 465 (64.9) 049 (66.2)

=50yr 232 (32.4) 252 (35.1) 434 (31.3)
Median age (range) — yr 42.0 (13-90) 440 (13-38) 43.0 (18-20)
Risk factors for severe illness from Covid-19— no. (36)

At least one risk factor 712 (99.4) 712 (99.3) 1424 (99.4)

Obesity} 538 (75.1) 518 (72.2) 1056 (73.7)

Age 60 yr 118 (16.6) 127 17.7) 246 (17.2)

Diabetes mellitus 107 (14.9) 121 (16.9) 223 (15.9)

Serious heart condition 86 (12.0) 81 (11.3) 167 (11.7)

Chronic kidney disease 38 (5.3) 45 (6.4) 24 (5.9)

Chronic obstructive pulmonary disease 22 3.1) 35 (4.9) 57 (4.0)

Active cancer 13 (1.8) 16 (2.2) 79 (2.0)
Covid-19 severity — no. (36)

Mild 395 (55.2) 390 (54.4) 785 (54.3)

Moderate 315 (44.0) 323 (45.0) 633 (44.5)

Severe or unknownZ 6 (0.8) 4 (0.6) 10 (0.7)
Clade designation; variant — no. (36)

20H; beta 5 (0.7) 6 (0.8) 11 (0.8)

201; alpha 12 (1.7) 9(13) 71 (1.5)

20}; gamma 37 (5.2) 48 (6.7) 35 (5.9)

21A, 211, 21J; delta 237 (33.1) 223 (31.1) 460 (32.1)

21G; lambda 14 (2.0) 7 (1.0) 71 (1.5)

21H; mu 76 (10.6) 86 (12.0) 162 (11.3)

Otherf 16 (2.2) 16 (2.2) 32(2.2)

Evaluable sequence data not yet available 319 (44.6) 322 (44.9) 641 (44.7)
Time from onset of Covid-19 signs or symptoms to 342 (47.8) 342 (47.7) 684 (47.7)

randemization of =3 days — no. ()4
SARS-CoV-2 RNA in nasopharyngeal sample, qualitative
assay— no. (36) 1

Detectable 615 (85.9) 615 (35.8) 1230 (35.8)

Undetectable 54 (7.5) 51(7.1) 105 (7.3)
SARS-Cov-2 nucleocapsid antibody — no. (36) 3]

Positive 137 (19.1) 147 (20.5) 284 (19.8)

Negative 541 (75.6) 521 (72.7) 1062 (74.1)
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Figure 2. Time-to-Event Analysis of Hospitalization or Death through Day 29 in the Modified Intention-to-Treat
Population.

Shown are Kaplan—Meier curves with 95% confidence intervals (I bars). X indicates censored values. Data for the
single participant with unknown survival status and no hospitalization reported were censored on the day when the
participant was last known to be alive. The inset shows the same data on an expanded y axis.




Subgroup

Sex
Female
Male

Days since onset aof symptoms
<3
=3

Baseline Covid-19 severity
Mild
Mederate

Bazeline SARS-CoV-2 nucleocapsid antibody status

Paositive
MNegative
Risk factors for severe Covid-19
=60 yr of age
Obese
Diabetes mellitus
Serious heart condition
Race
American Indian or Mative American
Aszian
Black
‘White
Baseline SARS-CoV-2 qualitative assay
Detectable
Undetectabla

Unknown

Malnupiravir
no. of events/no. of participants

16/373
12/330

25339
23/370

19/335
29/311

5/136
35/541

12/118

29/535

17107
826

18/207
7/25
10/157
25356

45614
0/54
341

Placebo

27/344
41/355

28335
40364

27/376
40/321

2/146
64520

16/127

46/507

17/117
578

21/199
7j23
15/142
54/573

61/613
0y51
7j35

Absolute Risk Reduction [953% CI)
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Figure 3. Incidence of Hospitalization or Death at Day 29 in the Modified Intention-to-Treat Population, According to Subgroup.




Table 2. Incidence of Adverse Events in the Safety Population.
Melnupiravir Placebo Estimated Difference
Adverse Events and Discontinuation (N=710) [M=701) [95% Cl)*
number (percent) percentage points
Participants with adverse events
=1 Adverse event 216 (30.4) 231 (33.0) -25 (-7.4t02.3)
=1 Adverse event related to the assigned regiment 57 (2.0} 50 [8.4) -04 [-3.3%02.5)
21 Serious adverse event 49 (6.9) 67 (9.6) -2.7 (-5.6100.2)
=1 Serious adverse event related to the assigned 0 1{0.3) -0.1 [-0.8 0 0.4)
regiment
Death 2(0.3) 12 (1.7) -14 (-2.7 t0-0.5)
Participants who discontinued the assigned regimen
because of an adverse event
Adverse event 10 (1.4) 20(2.9) -14(-3.1t00.1)
Adverse event related to the assigned regiment 4 (0.8) 3(0.4) 0.1 (-0.81t0 1.1)
Serious adverse event 5(0.7) 13 (1.9) -1.2 -2.510 0.0)
Serious adverse event related to the assigned 0 0 0.0 (-0.5t0 0.5)
regiment

# Differences shown are for molnupiravir as compared with placebo. Difference estimates were based on the Miettinen
and Murminen method.

T Related events were those determined by the investigators to be related to the assigned regimen.




Molnupiravir

* On December 23,2021,the FDA issued Emergency Use Authorization
molnupiravir for mild to moderate COVID-19 in adult who are at high
risk for progression and within 5 days of symptom onset, but only if
other authorized therapeutic options are not “accessible or clinically
appropriate.”

e Because of its mechanism of action, there have been theoretical
concerns that molnupiravir may cause mutations in humanDNA10 or
hasten development of new viral variants.

* The FDA concluded that the drug has a “low risk for genotoxicity” but
is requiring the manufacturer to develop a process to evaluate
genomic databases for new viral variants.

* Not for children or pregnancy.
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Figure 1. Randomization, Treatment Assignments, and Follow-up.

2396 Patients were assessed for eligibility

137 Were excluded
124 Did not meet eligibility criteria
11 Withdrew
2 Had other reason

J

‘ 2246 Underwent randomization ‘

Patients were recruited through December 9, 2021, from the United States (105 sites), Bulgaria (30 sites), South Af-
rica (28 sites), Brazil (26 sites), India (19 sites), Mexico (18 sites), Ukraine (17 sites), Turkey (16 sites), Japan and
Spain (10 sites each), Russia (9 sites), Argentina and Colombia (8 sites each), Poland and South Korea (7 sites
each), Hungary (6 sites), Taiwan (5 sites), Malaysia and Czech Republic (4 sites each), and Thailand and Puerto Rico

1053 Completed treatment 1039 Completed treatment
67 Discontinued treatment 87 Discontinued treatment
23 Had adverse event 47 Had adverse event
32 Withdrew 27 Withdrew
3 Were no longer eligible 1 Had medication error (without
9 Had other reason associated adverse event)
1 Was no longer eligible
11 Had other reason

67 Discontinued trial
11 Were lost to follow-up
- 13 Died

43 Withdrew
13 Had other reason - 9 Were lost to follow-up
43 Withdrew

77 Discontinued trial

12 Had other reason

\i

1053 Completed follow-up assessments 1049 Completed follow-up assessments




A Outcomes According to Time Since Onset of Covid-19 Symptoms

Treated <3 Days after Onset of Symptoms

Treated <5 Days after Onset of Symptoms
(modified intention-to-treat population)

Nirmatrelvir+ritonavir Placebo Nirmatrelvir+ritonavir Placebo
(N=697) (N=682) (N=1039) (N=1046)
Patients with event — no. (%) 5 (0.72) 44 (6.45) 8 (0.77) 66 (6.31)
Hospitalization for Covid-19 5 (0.72) 44 (6.45) 8 (0.77) 65 (6.21)
Death from any cause 0 9 (1.32) 0 12 (1.15)
Average time at risk for event — days 27.29 26.19 27.05 25.97
Average follow-up — days 27.45 27.25 27.20 27.05
Estimated percentage with event (95% Cl) — % 0.72 (0.30to 1.73)  6.53 (4.90 to 8.63) 0.78 (0.39t0 1.56)  6.40 (5.06 to 8.08)
Difference (+SE) from placebo — percentage points -5.81+1.01 -5.62+0.81
95% Cl of difference -7.78t0-3.84 -7.21to -4.03
P value <0.001 <0.001

Participants who received nirmatrelvir-ritonavir had
an 88% reduction in hospitalization or death
compared with the placebo group: 8 of 1039 (0.8%)
(6.3%)vs 66 of 1046




B Covid-19-Related Hospitalization or Death from Any Cause through Day 28 among Patients Treated <5 Days after Symptom Onset

100~

10— === Nirmatrelvir+ritonavir (N=1039; 8 events) === Placebo (N=1046; 66 events)
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Placebo 1046 1042 1015 990

977 963 959 959 955 953 951 948 948 948 945




11.1% i 16.3% 65 7'a 7yn
C Subgroup Analysis

Subgroup Nirmatrelvir+Ritonavir  Placebo Difference from Placebo (95% ClI)
no. of events/total no. percentage points
Overall 8/1039 66/1046 i i -5.62 (-7.21 to -4.03)
Time since symptom onset !
<3 days 5/697 44/682 —— -5.81 (-7.78 to -3.84)
>3 days 3/342 22/364 —— -5.23 (-7.91 to -2.55)
Age I
gﬁES yr 7/908 46/909 — 435 (-5.91 t0 -2.79)
| =65yr 1/131 20/137 : ’ : | -13.93 (-20.07 to -7.80) |
Sex |
Male 4/520 41/540 — ! -6.93 (-9.32 to -4.53)
Female 4/519 25/506 —— -4.23 (-6.29 to -2.17)
Body-mass index |
<25 1/209 9/207 —— -3.88 (-6.83 to -0.94)
25to <30 3458 28/466 = -5.44 (-7.75 10 -3.13)
=30 4/371 29/373 —— | -6.85 (-9.82 to -3.87)
Diabetes mellitus |
Yes 2/125 9/127 : : X -5.51 (-10.51 to -0.52)
No 6/913 57/919 —— ! -5.63 (-7.30 to -3.96)
Baseline SARS-CoV-2 serology status :
Negative 7/487 58/505 —— : -10.25 (-13.28 to -7.21)
Positive 1/540 8/528 i -1.34 (-2.45 t0 -0.23)

Received or expected to receive Covid-19
monoclonal antibody treatment
Yes 1/70 2/69 : —
No 8/1039 66/1046 —

|
|
| T i
-24 -20 -16 -12 -8 -4 0 4

i -1.51 (-6.40 10 3.37)
-5.62 (-7.21 to -4.03)




Table 2. Summary of Adverse Events, Serious Adverse Events, and Adverse Events Leading to Discontinuation through

Day 34 (Safety Analysis Population).*

Adverse Event Category

Events that emerged during treatment period
No. of adverse events
Patients with adverse events — no. (%)
Any adverse event
Serious adverse event
Maximum grade 3 or 4 adverse event
Maximum grade 5 adverse event
Discontinued drug or placebo because of adverse event

Had dose reduction or temporary discontinuation owing to
adverse event

Events considered to be related to drug or placebo
No. of adverse events
Patients with adverse events — no. (%)
Any adverse event
Serious adverse event
Maximum grade 3 or 4 adverse event
Maximum grade 5 adverse event
Discontinued drug or placebo because of adverse event

Had dose reduction or temporary discontinuation owing to
adverse event

Nirmatrelvir plus

Ritonavir
(N=1109)

476

251 (22.6)
18 (1.6)
45 (4.1)

0
23 (2.1)
4(0.4)

123

86 (7.8)
1(<0.1)
5 (0.5)

9 (0.3)
2(0.2)

Placebo
(N=1115)

525

266 (23.9)
74 (6.6)
93 (8.3)
13t (L.2)
47 (4.2)
4 (0.4)

52

42 (3.8)
0

5 (0.4)
0

7 (0.6)

3(0.3)




The BM)

v Covid-19: Pfizer’s paxlovid is 89% effective in patients at risk of
ite this as: BM/ 2021;375:n2713 . )
om0 SErious illness, company reports
Published: 8 November 2021
Elisabeth Mahase

* On December 22,2021,the FDA issued Emergency Use Authorization
for mild to moderate COVID-19 in adult and pediatric patients (age 12
years and 40kg) who are at high risk for progression and within 5 days
of symptom onset.

* Inhibits CYP3A, alters the metabolism of many other drugs.

 Should not be administered with medications such as amiodarone
(and several other antiarrhythmic drugs),rifampin,orrivaroxaban.

* Other medications, may need dose reduction or close monitoring.
* Medications such as statins may be temporarily stopped.

* Prior to prescribing, clinicians should assess potential drug
interactions.
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eTable 1. Comparison of Treatment Options for High-Risk Nonhospitalized Patients With Mild to
Moderate COVID-19

Abbreviations: IV. intravenous: NNT. number needed to treat.

Nirmatrelvir-ritonavir’' Sotrovimab® Bl Molnupiravir?
Efficacy (prevention s Absolute risk s  Absolute risk s Absolute risk »  Absolute risk
of hospitalization or - - o 0 : :
death) reduction: reduction: 7% —1% reduction: reduction:
6.3%—0.8% L 5.3%—0.7% 0 7%—6.8%
* Relative nsk
* Relative nsk reduction: 83% * Relative nsk * Relative nsk
. ) - . 3 = 0
;eg'i]:ctmn. e NNT 17 g?iictlcn. reduction: 30%
! e NNT: 35
e NNT: 18 * NNT: 22
Advantages : : : : :
e Highly e Highly efficacious * Highly * Oral regimen
LTI * Monoclonal antibodies ST * Not anticipated
¢ Oral regimen typically safe i e Studied in to have dmug
e Ritonavir pregnancy pregnancy interacfions
studied (safe) e Few/no dmug * Few/no drug
M pregnancy interactions interactions
Disadvantages ¢ Dmg-drug * Requires IV infusion * Requires [V * Low efficacy
mteractions followed by 1-h infusion on 3 . C i
observation consecutive m::em'_ :
days mutagemcity
* Not
recommended in
pregnancy/childr
en

Gandhi RT, Malani PN, del Rio C. COVID-19 therapeutics for nonhospitalized
patients. JAMA. doi:10.1001/jama.2022.0335




eTable 2. Outpatient Therapies and Potential Patient Populations

Medication Examples of patient population
Nirmatrelvir, 300
mg. plus ritonavir,
100 mg. orally twice *  Admimster as soon as possible and withmn 3 d of symptom
daily for 5 d onset

e Patient not taking interacting medications

Sotrovimab, 300
mg. mtravenous 3 :
- - ritonavir
infusion

¢ Patient able to come to health care facility

¢ Patient taking medication that interacts with mrmatrelvir-

*  Admimister as soon as possible and within 10 d of symptom

onset
- #Esn'u'l e Patient in health care facility or through home mfusion
mntravenous -
infusion. 200 mg SErvIcE
(day 1) and 100 mg ¢  Admimster as soon as possible and within 7 d of symptom
(days 2 and 3) onset
Mﬂlﬂupmxrf 800 e Adult patient not able to be treated with one of the options
mg. orally twice bov
daily for 5 d anovE

¢ Not pregnant (if given during pregnancy, shared decision-
making)

e  Admimster as soon as possible and within 5 d of symptom
onset

Gandhi RT, Malani PN, del Rio C. COVID-19 therapeutics for nonhospitalized
patients. JAMA. doi:10.1001/jama.2022.0335



OPEN FUTURE QUESTIONS

What is the benefit of therapies in lower-risk patients, such as those after
vaccination? The studies were conducted in unvaccinated individuals before the
emergence of the Omicron variant.

®

What is the role of combination therapy? To date, therapies have been evaluated as
single agents

Monitoring for the emergence of resistance among patients receiving
monotherapies is needed along with trials to evaluate antiviral combinations.

Does treatment of SARS-CoV-2prevent transmission and does early therapy reduce
post acute sequelae of SARS-CoV-2 infection?

In addition, equitable distribution of these life-saving medications must be ensured,
not just in wealthy countries but throughout the world. Infections with global

morbidity and mortality must be addressed with a coordinated
global response.
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