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Viral dynamics during acute infection

Peak viral load = Target cell exhaustion
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Timing of antiviral freatment is key to avoid disease progression
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SARS-CoV-2 viral dynamics in mild patients
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Young et al, JAMA 2020 ; Gongalves et al, CPT:PSP (2020)



Timing is (almost) everything

If treatment is initiated at day of infection (DI)

If treatment is initiated at day of symptoms (DS)
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Effects of repurposed drugs in experimental infection models

Dosing regimen
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Drug PK parameter EC_, D0-D7 U)+ECag
Lopinavir/ritonavir Wang et al'® 5.2 uM (unpublished) 400100 b.i.d. B6%
Hydroxychloroquine Morita et al.™ 4.2 M 400 mg b.i.d. at DO, followed by 400 mg 6%

q.d.
IFN-B-1a Hu et al.™ 175 IU/mL* 12 MIU at DO, D2, D5 18%
Remdesivir EMEA guidelines'® 1 pM" 200 mg q.d. at DO, followed by 100 mg 87%

q.d.

= None is likely to have major effect if given after peak viral load

= Even worse in Non-Human Primate model of experimental infection !

c % 10+ p=0.643 Article
_ P|eos S30b. Hydroxychloroquine use against SARS-CoV-2
8- °s sg oSy infectionin non-human primates
E.LEJ; ° '5"_ : -5 % g_n 7 Article hitps://doi.org/10.1038/s41467-022-32565-w
c8 ", T §§ 64 Antiviral efficacy of favipiravir against Zika
— B I and SARS-CoV-2 viruses in non-human
asma cone. (ua/m 0 200 400 600 800 1
Heap (Hg/mt) FPV plasma concentration prlmates
(Hg/mL)

More details on preclinical models : Maisonnasse et al, Nature (2020) ; Eloy et al, CPT (2020) ; Driouich et al, Nature Comm (2021); Marlin et al, Nature

Communications (2022)



Can we use viral dynamics to optimize the use of antiviral drugs ?

* Viral kinetics in hospitalized non-treated patients
* Antiviral efficacy of remdesivir in hospitalized patients
 What can we expect from monoclonal antibodies ?



Data used in this presentation (<2021)

Study Patients Intervention & Objectives
Design
French Covid cohort 665 untreated No anfiviral Build a model of viral

Discovery clinical trial

Regeneron phase 2/3 clinical
trials

patients
hospitalized
between February
and April 2020

655 hospitalized
patients between
February 2020 and
January 2021

4,500 outpatients
between
September 2020
and January 2021

Randomized fo
remdesivir or
placebo

Randomized to
REGN-CoV-2 or
placebo

dynamics in hospitalized
patients and explore the
the link with mortality

Estimate remdesivir anfiviral
efficacy

Estimate REGN-CoV-2
antiviral efficacy and

association with risk of
hospitalization




Can we use viral dynamics to better understand the role of
treatment

* Viral kinetics in hospitalized non-treated patients



French Covid Cohort
FRENCH C(DVID

National prospective cohort (NCT04262921, PI: Jade Ghosn)
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Data
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VIRAL DYNAMIC MODEL

Reconstituting the time of infection based on the viral load data
and the time of symptom onset
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Modeling the immune
response
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Modeling the immune
response

dT_ 1 cl)F VT

dt — B F+0/ !

dl, $F
E—B(l‘m>"lT‘k‘1

14



Modeling the immune
response
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Modeling the immune
response
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Modeling the immune
response
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17




Modeling the immune

response
I
Pz (5+ F )1
dt 1 ¢F+ 0/ 2
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MORTALITY AND RISK FACTORS
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MORTALITY AND VIRAL LOAD

Mortality according to viral load at different landmark times since symptom onset
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Joint modeling
FRENCH r-)"vm

Longitudinal submodel selection Survival submodel selection

Parametric

Structural and

/ error model structure ™~
selection selection
Screening Screening
Covariates
— selection —

Joint model selection

Link
function(s)
selection

Longitudinal
submodel

Kerioui et al . Br J Clin Pharmacol. 2022

l Backward ‘
removing of
Individual fits, non-significant Survival fit
residuals, VPC covariates

Final joint
model

Individual fits,

residuals, VPC
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JOINT MODELLING
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Viral dynamic e —
submodel FRENCHC GAVID
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Survival
submodel FRENCHC (VID

RS A VAN

Parameter Hazard Ratio (RSE%) : T _\‘*i———“;— "
Male gender 2.55 (25.2) , /N\ /\ EERNE ,
Chronic pulmonary disease 2.31 (36.8) N
R S . ; : .
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E DI 0
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Predictions
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Can we use viral dynamics to better understand the role of
treatment

* Antiviral efficacy of remdesivir in hospitalized patients



DisCoVeRy trial

Dlsc_dveRY

European randomized clinical trial

(NCT04315948, PI: Florence Ader, =
Méthodology: France Mentré) I T
Control, standard of Care (SoC) |
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March 2274 Mgy 25th June 29t January 20t I
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DisCoVeRy trial
DISC()VERY

Primary outcome measure: clinical status at day 15

N=832 patients

OR = 0.98 (0.77-1.25), P=0.85

Day 15

not hospitalised, no limitations on activities

N 31
C 32
0
T
7 12
Q.
= 16
@) 18
B

hospitalised, on invasive mechanical
ventilation or ECMO

death

Control Remdesivir

Ader et al. Lancet Infectious Diseases (2021) »g




No clinical efficacy in hospitalized patients, but is
there any virological signal ?

» The preclinical efficacy of remdesivir is well documented

« But contradictory findings on clinical and antiviral efficacy but large between and within-study
heterogeneity

« Discovery trial had frequent and normalized viral load data in a large cohort of patients
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Williamson et al., Nature (2020) Ader et al., Lancet Infectious Diseases (2021)



Patients and data

DISCEVERY

5_
)
)
Standard of care Standard of care + Remdesivir ‘ro 47
Characteristics o
(N=329) (N=336) ~—
Médiane (IQR) or n (%) Médiane (IQR) or n (%) _8
Male gender 222 (67.5%) 235 (69.9%) 8‘
O
Age 64 (53-72) 63 (55-73) o’
()]
<65 169 (51.4%) 180 (53.6%) ke}
265 160 (48.6%) 156 (46.4%) 'g
Delay between o )
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31
Viral dynamic model

Target cell limited model with eclipse phase

dT— X ViT
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dt—B I 1

dr; _ KI, — 81
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T a3, — Yy eV

Lingas et al, Journal of Antimicrobial Chemotherapy (2022)



Pharmacological delay of freatment

* Model averaging [1]
to take into account
the uncertainty on
delay 7

[1] Goncalves et al. AAPS (2020)

DISCOVERY

T = 0-5 days
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Model averaging
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Treatment efficacy

Parameter estimates

Parameter

Fixed effects

(Median, 95% CI)

SD of the random
effect

(Median, 95% CI)

Ro

10.60 (8.53-12.68)

0.50

865 (d)

8565 (d)

0.88 (0.80-0.96)

0.76 (0.67-0.84)

0.46 (0.41-0.51)

p (10° virus.cell''.d!)*

1.20 (0.66-1.72)

0.38 (0.14-0.63)

€ (%)

52 (35-69)
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Analysis in all patients

DISCOVERY

Remdesivir reduces viral production by 52% (95%Cl: 35-69%, p=0.0031)
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Exploratory results in patients with high viral load at

admission DISC()VERY

Remdesivir reduces viral production by 80% (95%Cl: 64-96%, p<10-)
in patients with viral load at admission > 3.5 log,, copies/10* cells (Infectiosity threshold [1])

100.0%7

90.0%

Median time to

80.0%7 undetectability : 18.4 days

4

Viral load (logqo RNA copies/ 10 cells)

70.0%
60.0%

50.0%
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Maximal difference :
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30.0%

Cumulative incidence of undetectability

20.0%

10.0%
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T T T 1
0 0 7 14 28 35

y 21
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0 TI’ 1|4 2|1 28
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[1] Bal et al. Sci. Rep. (2021)



Can we use viral dynamics to better understand the role of
treatment

* Antiviral efficacy of monoclonal antibodies in outpatients



Using modeling and animal data to quantify the effect of mAbs

* Most mAbs target the RBD domain of SARS-CoV-2 to prevent virus-cell interaction

« Cova1-18is a highly efficacious mAb with efficacy in the picomolar range
Nasopharyngeal

« Treatment initiated prophylactically

n=5 } \

SARS-CoV-2

10° PFU
COVA1-18

10 mg/Kg

'

-_—

t4 D-1 DO

Baseline Mucosal &
sampling serum sampling

Maisonnasse et al, Nature Communications (2021)
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Viral dynamics during treatment with monoclonal antibodies

\/ ODE system :
- Genomic RNA is a reflect of Infectious viral particles)( /)L\ dT
(V) and Non-infectious viral particles (Vy;). 3 o = BT
COVAI1-18
= dl
I{g VI + VNI d—; - ﬂVT— kIl
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Gongalves et al, PLoS CB (2021) ; Maisonnasse et al, Nature Comm (2021)



Viral dynamics during treatment with monoclonal antibodies

ODE system :
COVA1-18 blocks the virus/cell attachment \\(/ )L
dT
C(® 7N — = —mVT
10 =+ B dt
50 COVAI1-18
dl
With : d—1 = B(1 —mVT-kI,
- C(t) : COVAI1-18 plasma concentration used as a I t
driver of the efficacy 1 dl
2
— = k11 - 612
ECs5q : Concentration required to obtain 50% V dt
efficacy. N v
# 1
dr puly —cV;
/ "
=p(1—w), —cV,
I, dt p( w1, NI
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Plasma PK of COVA1-18
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COVA1-18 (Logqo ug/mL)
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4individual fits
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Drug efficacy in blocking viral infection is >95%

MF6 MF7 MF8 MF9 MF10
99.99- . . . ]
| | | | |
| | | | |
&> 99.9% ' ' ' ' '
@®© | | | | |
(@)
= I I I I I Trachea
L | | | | | Nasopharynx
X 99%-
| | | | |
| | | | |
Yo7 A N I N I N .
2 0 2 4 6 82 0 2 4 6 82 0 2 4 6 82 0 2 4 6 82 0 2 4 6 8

Days post exposure

Efficacy is consistent over all animals :

ﬁnose > 96 %

Could be relevant as a PreP in human infections with a lower viral inoculum



Monoclonal antibodies reduce the risk of disease progression by ~70%
given <7 days from symptom onset
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Dougan, NEJM 2021; Weinreich et al, NEJIM 2021



Modeling and the role of antiviral treatment

O

O

Modeling identifies some important features of viral dynamics

Incubation period is ~5 days (prior to Omicron) and the peak of viral load is close to symptom onset

Age is associated with prolonged viral shedding

o Viral dynamics is an independent predictor of disease progression in both outpatients and hospitalized patients

©)

Timing of antiviral treatment is key to reduce the risk of disease progression

Blocking viral production or infection >90% is needed to prevent progression

Even if administered late, antiviral treatment can reduce the mortality in patients that have high viral load (eg,
positive antigen test)

Monoclonal antibodies have a high efficacy and reduce the number of at risk patients with extended shedding
Efficacy jeopardized by Voc and need now to account for resistance and relapse

Small molecules can be alternatives to monoclonal antibodies if they pass the pharmacological threshold



Implications

Qs Inserm ) SCEVERY

AstraZeneca
2021 Placebo + standard of Care (SoC)
April 12t Patients
hospitalisés
avec le
A | COVID-19sous
assistance
(service de
salle) L 5 AZD7442 + SoC
IV 600 mg day 1

Primary end-point : WHO 7-point ordinal scale at day 15 (antigene positive patients)

Key secondary end point: Time from randomization to sustained recovery
(being alive and at home for 14 consecutive days prior to Day 90)

AZD74472 [1] : cocktail de deux mAb synthétisés avec une technologie d’extension

de la demi vie

[1] Dong et al. Nat Microbiol. (2021) 46



Join our group for a Postdoc in Paris !

Post doctoral position in mathematical PostDoc position (2y) in Paris for studying
modelling (COVID19) in Paris viral and immune dynamics of SARS-CoV-2
Two post-doctoral positions in mathematical modelling of infectious diseases of 24 months in fe ction

each are available to work in Paris between Institut Pasteur and Inserm (UMR 1137) within
the European project ORCHESTRA.

QORGESTRA

For more information: jeremie.guedj@inserm.fr



Effectiveness of early oral antivirals in hospitalized patients
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Mirmatrelvir-ritonavir recipients vs controls
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Antiviral freatments and treatment efficacy : where are we ?

virallc_ Early symptomatic treatment

* Results obtained in 2020-
2021 with mAbs that have lost
most or all activity against
omicron variants

70-90% efficacy in preventing
hospitalization
Reduction of symptom duration

Post-exposure
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9 | Pre-exposure ~30% if PCR+

‘:3 prophylaxis*

© 1

S o ge: : :
75% effl'cacy L 1 ngh—l’ isk gbntact Hospitalization
preventing :
symptomatic I

|
0 5 10
Time after symptom onset (days)

Dougan, NEJM 2021; Hammond, NEJM 2022 ; Levin, NEJM 2022 ; O’Brien, NEJM 2021 ; Recovery Collaborative Group, The Lancet 2022 ; Weinreich et al, NEIM
2021; Wong et al., 2022
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