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Outline

• Quali trattamenti con anticorpi monoclonali e antivirali sono 
disponibili?
• Quali pazienti sono candidabili a tali trattamenti?
• Terapie con anticorpi monoclonali per SARS CoV-2
• Terapie antivirali per SARS CoV-2
• Azione antivirale su VOCs (Omicron) e resistenze virali
• Come scegliere i trattamenti?
• Combinazioni di trattamenti e opzioni future



Corti D et al, Cell 2021;184(12):3086-3108.



Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022



How to iden*fy non-severe pa*ents
at highest risk of hospitaliza*on? 

• Several recommenda,ons for drugs are only for those at highest risk for
hospitaliza,on; some treatments should be reserved for those at highest risk of
hospitaliza,on and given early in the disease course.
• A risk beyond 10% of being hospitalized for COVID-19 to represent a threshold at
which most pa,ents with non-severe illness would want to be treated.
• Reliably iden,fying those at highest risk is challenging because of the changing
global context with evolu,on of the virus, paJerns of vaccina,on.
• A systema,c review of 232 risk predic,on models for COVID-19 did not iden,fy
sufficiently credible and applicable risk predic,on tools.
• In the absence of tools to predict risk for hospitaliza,on, typical characteris,cs
of people at highest risk include those with older age, immunosuppression
and/or chronic diseases, with lack of vaccina,on as an addi,onal risk factor.
Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022. Ref 18



• Up to 10% of initially asymptomatic, minimally symptomatic progressed to severe
disease.

• While 78% of patients admitted to hospital have at least one comorbidity, there
continue to be patients lacking any identified comorbidity who subsequently
become critically ill.

• Given that persistently high SARS CoV-2 viral loads may be associated with severe
clinical outcomes, it is possible that early reassessment of viral loads might help
guide who among the ‘lower- risk’ population might be helped by neutralizing mAbs.

• RCT evidence indicates that the clinical value of neutralizing mAb therapy is more
pronounced in individuals who are seronegative at diagnosis

How to identify non-severe patients
at highest risk of hospitalization? 
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Monoclonal Antibodies
(mAbs)

for SARS COV-2



Review. Taylor PC et al, Nat Rev Immunol. 2021 Jun;21(6):382-393.



Review. Taylor PC et al, Nat Rev Immunol. 2021 Jun;21(6):382-393.



Closed and open conformation of spike protein

• The spike protein normally exists in a pre-fusion, closed
(down) conformation; in this conformation some parts of
the protein are hidden.
• Upon viral infection, the RBD undergoes a transient

conformational change to the open (up) combinations,
allowing SARS CoV-2 to interact with the host cell receptor.
• In the open conformation, the RBD points upwards, exposing

the RBM and allowing the virus to bind ACE2.



Classification of mABs against Spike protein
according to their binding site

Barnes CO et al, Nature 2020; 588: 682-687  



Classifica(on of mAbs



Review. Nat Rev Immunol. 2021 Jun;21(6):382-393.





mAbs: main RCT

Todd CL et al, OFID 2022; 9(3):ofac008. 



mentre l’aXvità neutralizzante della combinazione bamlanivamb/etesevimab, differentemente 
dagli altri an]corpi monoclonali disponibili (casirivimab/imdevimab e sotrovimab), è 

fortemente inibita nei confron] delle varian] beta (B.1.351) e gamma (P.1).





Casirivimab/Imdevimab: 
non-severe COVID-19 patients

at highest risk of clinical progression

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022



Casirivimab/Imdevimab: 
SEVERE or CRITICAL COVID-19 disease

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022



Sotrovimab: conditional recommendation for patients with
NON-SEVERE disease at highest risk of clinical progression

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022



Sotrovimab
• Sotrovimab (VIR-7831; GSK4182136) is a single human

monoclonal anXbody that binds to a conserved epitope of the
SARS-CoV-2 spike protein, prevenXng the virus from entering
cells.

• High affinity for the SARS CoV-2 spike protein, able to bind to the
virus in both the up (open) and down (closed) conformaXons

• Potent neutralisaXon acXvity
Barnes CO et al, Nature 2020; 588: 682-687; GSK press release  



Sotrovimab
The recognition of
epitopes that are
conserved across different
viruses of the same lineage
may be important to
reduce the risk of viral
escape under drug
selection, as well as
provide long-term
coverage of circulating and
emerging variants and
strains.
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Sotrovimab

Macrophage

NK cell

ADCC

ADCP

Uninfected pneumocytesDying pneumocytes

Antibody-dependent cell cytotoxicity 
(ADCC):2–4

• mediated by NK cells 
• triggers apoptosis of virus-infected target 

cells (pneumocytes)

Antibody-dependent cell phagocytosis 
(ADCP):2,4

• mediated by macrophages or dendritic cells 
• potential to clear virus and infected cells by 

engulfing/destroying viral particles and by 
stimulating a T-cell response

Antibody effector mechanisms2-4

Sotrovimab has preserved effector functions that may recruit the host 
immune system to fight viral infection1

NK, natural killer.
1. Cathcart  AL, et al. bioRxiv (preprint). February 18, 2022. doi:10.1101/2021.03.09.434607v11; 2. Pinto D, et al. Nature. 2020;583(7815):290-295; 3. Jegaskanda S, et al. J 
Immunol. 2014;193(2):469-475; 4. Sicca F, et al. Expert Rev Vaccines. 2018;17(9):785-795.  

Cytotoxic factors



Gupta A et al, JAMA. 2022;327(13):1236-1246.

COMET-ICE







Review. Taylor PC et al, Nat Rev Immunol. 2021 Jun;21(6):382-393.

Convalescent serum and mAbs: antibody-dependent
enhancement (ADE)?









Paxlovid (Nirmatrelvir/Ritonavir) and 
Lagevio (Molnupiravir):

oral an*virals

mild to moderate COVID-19 in adults and pediatric patients
12 years of age and older for Paxlovid and adults 18 and
older for Molnupiravir who are at risk for progression to
severe COVID-19 including hospitalization or death

Saravolats LD et al, Clin Infect Dis 2022; ciac180.





Nirmatrelvir-ritonavir: main protease inhibitor

300 mg (two 150 mg tablets) of nirmatrelvir and 100 mg of ritonavir every
12 hours daily
for 5 days, as per the regimen evaluated in large trials.

In renal insufficiency (GFR 30–59 mL/min) the dose reduction is 150 mg of
nirmatrelvir and 100 mg of ritonavir every 12 hours for 5 days

Saravolats LD et al, Clin Infect Dis 2022; ciac180.



Nirmatrelvir-ritonavir: strong recommendation for non-
severe patients at highest risk of hospitalization

Therapeu]cs and COVID-19: living guideline - World Health Organiza]on (WHO), April 2022



Drug-drug interac*ons

Saravolats LD et al, Clin Infect Dis 2022; ciac180.



All patients were unvaccinated and were randomized within 5 
days of symptom onset
No patients received therapeutic co-interventions
No pregnant women or children



• Phase 2–3, double-blind, randomized, placebo-controlled trial
• Primary outcome: to evaluate the efficacy, viral load and safety associated with the

use of nirmatrelvir plus ritonavir among nonhospitalized, symptomatic adults with
COVID-19 who were at high risk for progression to severe disease.
• Eligible patients:
• at least 18 years old;
• symptom onset no more than 5 days before randomization
• with at least one sign or symptom of COVID-19 on the day of randomization
• to have at least one characteristic or coexisting condition associated with high risk of

progression to severe COVID-19.

Hammond J et al, NEJM 2022;
386(15):1397-1408.2022





Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Change from Baseline in Log10-Transformed Viral Load over Time 
(Modified Intention to-Treat Population, within 3 days after symtpoms onset)

Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Hammond J et al, NEJM 2022;386(15):1397-1408.2022



Hammond J et al, NEJM 
2022;386(15):1397-
1408.2022



Safety
Adverse events considered by the site inves=gator to be related to the trial drug or
placebo were more common among recipients of nirmatrelvir plus ritonavir (7.8%) than
among placebo recipients (3.8%).
This difference was largely acributed to dysgeusia (4.5% vs. 0.2%) and diarrhea
(1.3% vs. 0.2%), which were the only treatment-related adverse events reported in at
least 1% of recipients of nirmatrelvir plus ritonavir;
the majority of such events were resolved and were grade 1 or 2, with the excep=on of
one case of grade 3 dysgeusia.

There were 13 deaths among placebo recipients, and all the deaths were Covid-19-
related.

Hammond J et al, NEJM 2022;386(15):1397-1408.2022



EPIC HR: conclusions
• Results from this phase 2–3 trial in unvaccinated persons demonstrate the
efficacy of oral administration of nirmatrelvir (300 mg) with ritonavir (100 mg)
every 12 hours for 5 days
• relative risk reductions of 88.9% and 87.8% were observed among patients
commencing treatment within 3 days and within 5 days after symptom
onset, respectively, with 0 deaths occurring in the group that received
nirmatrelvir plus ritonavir and 13 deaths occurring in the placebo group
• patients treated with nirmatrelvir plus ritonavir either had no Covid-19–
related hospitalization or death from any cause or had a risk that was
significantly lower than that with placebo
• EPIC-Standard Risk [SR]; NCT05011513) includes vaccinated, high risk persons.

Hammond J et al, NEJM 2022;386(15):1397-1408.2022









Remdesivir: nucleotide prodrug that binds to viral RNA 
polymerase and inhibits viral replication



Remdesivir: conditional recommendation for non severe COVID-
19 at highest risk of hospitalization

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022















all patients were unvaccinated
within 7 days of symptom onset
did not receive therapeutic co-

interventions



• Eligible patients were 12 years of age or older and had at least one preexisting
risk factor for progression to severe COVID-19 or were 60 year of age or older,
regardless of whether they had other risk factors.
• Risk factors included: hypertension, cardiovascular or cerebrovascular disease,

diabetes mellitus, obesity (BMI≥30), immune compromise, chronic mild or
moderate kidney disease, chronic liver disease, chronic lung disease, current
cancer, or sickle cell disease.
• Eligible patients had at least one ongoing symptom consistent with Covid-19, with

onset of the first symptom within 7 days before randomization (given that
hospitalization typically occurs at or after 7 days of symptoms).

N Engl J Med 2022;386(4):305-315.











PINETREE trial: conclusions

In this trial involving non hospitalized patients with COVID-19 who were
at high risk for severe disease,
we found that patients who received a 3-day course of remdesivir had
an 87% lower risk of COVID-19–related hospitalization or death from
any cause by day 28 and an 81% lower risk of COVID-19–related
medically attended visits or death from any cause by day 28 than
patients who received placebo.



RDV in hospitalized patients

• A phase 3 trial of remdesivir showed that both a 10-day course and a 5-day course of
remdesivir shortened the recovery <me in pa<ents hospitalized with COVID-19.
Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of Covid-19 — final report. N Engl J Med 2020; 
383: 1813-26. Goldman JD, Lye DCB, Hui DS, et al. Remdesivir for 5 or 10 days in pa]ents with severe Covid-19. N Engl
J Med 2020; 383: 1827-37.

• November 2020, suggesting not to use remdesivir for patients with COVID-19, regardless
of illness severity. This was based on data from four RCTs which were available at the
time, with 7333 participants hospitalized for COVID-19. WHO Solidarity trial: No
difference regarding mortality or need for mechanical ventilation

• RDV was shown to be superior to placebo in shortening the time to recovery in
hospitalized adults with evidence of lower respiratory tract infection and requiring
supplemental oxygenation









Wang J et al, Lancet 2020; 395: 1569–78









Wang J et al, Lancet 2020; 395: 1569–78







• Molnupiravir is a prodrug with antiviral activity that is metabolized to the
cytidine nucleoside analogue, NHC, which is taken up by cells and
phosphorylated to form the active ribonucleoside triphosphate (NHC-TP).
• NHC-TP is incorporated into SARS-CoV-2 RNA by the viral RNA polymerase
causing an accumulation of errors in the viral genome thus inhibiting
replication.
• NHC is incorporated by the SARS-CoV-2 RdRp, instead of either C or U
nucleosides, into the genomic or subgenomic RNA during copying of the
RNA template genome. The resultant NHC-containing RNAs are then
themselves used as a template for production of subsequent RNAs which
are predicted to be mutated and therefore not believed to form functional
viruses.
• This agent has a different mechanism of action than nirmatrelvir

Molnupiravir: nucleoside analogue

Saravolats LD et al, Clin Infect Dis 2022; ciac180.



Molnupiravir: conditional recommendation for non 
severe patients at highest risk of hospitalization

TherapeuUcs and COVID-19: living guideline - World Health OrganizaUon (WHO), April 2022





Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022

Molnupiravir: 60 fewer hospitalization per 1000 patients





Bernal AJ et al, NEJM 
2022; 386:509-20.



Bernal AJ et al, NEJM 
2022; 386:509-20.







Safety
• Adverse events were those reported while subjects were on study
intervention or within 14 days of study intervention
completion/discontinuation.
• The most common adverse reactions in the molnupiravir treatment group
were
• diarrhea (2%)
• nausea (1%)
• dizziness (1%)

• Grade 3 and 4 laboratory abnormalities in chemistry (alanine
aminotransferase, aspartate aminotransferase, creatinine, and lipase) and
hematology (hemoglobin, platelets, and leukocytes) parameters all
occurred at a similar rate across both the groups (<2%).
• Most serious events were COVID-19 related in 7% of subjects
receiving Molnupiravir and in 10% of patients receiving placebo.



MOVe-OUT phase 3 trial: conclusions
• In non hospitalized at-risk adults with Covid-19 molnupiravir, initiated

within 5 days after the onset of symptoms, reduces the risk of
hospitalization for any cause or death through day 29
• The risk of hospitalization or death at day 29 was 6.8 percentage

points lower with molnupiravir than with placebo at the interim
analysis and 3.0 percentage points lower in the all-randomized
analysis

Bernal AJ et al, NEJM 2022; 
386:509-20.







• Molnupiravir should not be given to pregnant or breas8eeding women or to children. In case of
doubt about pregnancy, a pregnancy test should be performed prior to treatment iniAaAon.

• If a woman of child bearing age is considered for treatment, counselling regarding birth control
during treatment and for 4 days a4er the last dose of molnupiravir should be facilitated.

• Men planning to conceive should be oriented on the potenAal for temporary genotoxic effect
on sperm cell producAon, and those who are sexually acAve with females should be counselled
to use birth control during treatment and for at least 3 months a4er the last dose of
molnupiravir.

• The unknown long-term risk of genotoxicity is likely to be higher in younger paAents as
compared with older paAents; thus use in younger adults who are not at high risk should be
limited.

• Ac=ve sequence monitoring of SARS-CoV-2 detected in clinical respiratory samples (i.e. may
include polymerase and spike) should be arranged for pa=ents receiving therapy, including
higher risk individuals (immunocompromised).

• Pharmacovigilance: use of molnupiravir should be accompanied by a robust, acAve
pharmacovigilance programme.

Molnupiravir: safety



Mutagenicity in vitro but not in animal models

Saravolats LD et al, Clin Infect Dis 2022; ciac180.



Data from real-life settings



Clin Infect Dis 2022 Mar 23;74(6):1063-1069.







Outcomes







An#viral ac#vity against VOCs
(Omicron)

and
viral resistance



Loss of in vitro acIvity against some VOCs











Sotrovimab: viral variants and resistance

• Information in the FDA Emergency Use Authorization state “no change” in
activity of sotrovimab against Alpha, Beta, Gamma, Epsilon, Iota, Kappa,
Delta (including with K417N), Lambda and Mu in pseudo-typed virus-like
particle neutralization assays.

• Sotrovimab has been reported to retain activity against BA.1 Omicron in
pseudovirus assays, but with higher concentrations being required for
neutralization compared with the wild-type virus. Several reports have
indicated that the neutralization of the BA.2 sub-lineage of Omicron is
more severely impacted than it is for BA.1
(https://www.biorxiv.org/content/10.1101/2021.03.09.434607v10).

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022; Ref 67-71
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In vitro neutralization assays

The clinical implications of pseudotyped neutralization assays are not known.
EC50, half maximal effective concentration; EC90, 90% maximal effective concentration FC, fold-change; mAb, monoclonal antibody; VOC, variant of concern; VOI, variant of interest.
1. Cathcart  AL, et al. bioRxiv (preprint). February 18, 2022. doi:10.1101/2021.03.09.434607v11; 2. Cantoni D, et al. Oxf Open Immunol. 2021;2(1):doi:10.1093/oxfimm/iqab005; 3. 
Liu C, et al. Cell. 2021;184(16):4220-4236; 4. National HIV Curriculum. Evaluation and Management of Virologic Failure (accessed March 28, 2022).

Determining viral susceptibility to treatment4

The potential for reduced mAb efficacy against
emerging VOIs/VOCs1

Effectiveness of neutralizing antibodies in
patients with varying severities of COVID-192

Antibody response in humans post-vaccination and 
post-infection2,3

Emergence of resistant variants under real or simulated 
selective pressure1

Neutralization assays can be used to examine:1,2
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• To examine neutralization capacity, sotrovimab and VIR-7832 were tested in
a VeroE6 or Vero E6-94 TMPRSS2 cell-based live SARS-CoV-2 virus system
against the Washington 2019 (wild-type) virus as well as against the Alpha
(B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), Kappa (B.1.617.1)
and Omicron (BA.1, BA.1.1 and BA.2) variants.

• Sotrovimab was tested against an extended panel of pseudotyped 112
viruses incorporating emerging variants as well as variants currently or
previously deemed as VOC or VOI.
• Sotrovimab neutralized all variants tested with fold changes in IC50s of ≤3.3-

fold observed for 21 of 23 variants assessed, while a 7.3-fold change in IC50
was observed for Omicron BA.3 and a 16-fold change in IC50 was observed
for the Omicron BA.2 variant





1This Document Contains GSK Proprietary Information – Not For Onward Distribution

Sotrovimab in vitro neutralization activity against Omicron 
SARS-CoV-2 variant and sublineages: Pseudotyped virus data

*Average change in activity for sotrovimab vs wild-type control for spike variants tested in a pseudotyped virus system;2 the clinical significance of pseudovirus 
neutralization data is not known; †A <5-fold reduction in susceptibility is considered no change in activity;2 ‡Clinical relevance of 7.3-fold and 16.0-fold reductions 
in susceptibility are not known.4 EC50, half maximal effective concentration; FC, fold-change; WHO, World Health Organization; WT, wild-type. [See notes for references].

In vitro pseudotyped virus-like particle assessment of 
sotrovimab activity2

Sotrovimab neutralized pseudotyped virus expressing the Omicron BA.2 spike variant in vitro
with a 16-fold reduction in EC50 compared with WT1,2

WHO label3 SARS-CoV-2 
lineage2

Average FC
in EC50 vs WT2,*,†

Omicron
(B.1.1.529)

BA.1 2.7

BA.1.1 3.3

BA.2 16.0‡

BA.3 7.3‡Results shown are from one experiment and are representative of 10 
independent experiments1
Figure adapted with permission from Cathcart AL, et al. bioRxiv (preprint). February 
18, 2022. doi:10.1101/2021.03.09.434607v11.

In vitro neutralization of Omicron BA.1 and BA.2 
pseudotyped virus with Alpha variant and wild-type 
pseudotyped  controls1

100

75

50

25

0

-25

N
eu

tra
liz

at
io

n 
(%

)

Sotrovimab (VIR-7831) (ng/mL)
100 101 102 103 105 105

BA.2
WT
Alpha
BA.1

Table adapted with permission from Cathcart AL, et al. bioRxiv (preprint). February 
18, 2022. doi:10.1101/2021.03.09.434607v11.









Sotrovimab: viral variants and resistance

• An E340A amino acid subs,tu,on in the conserved epitope of the spike
protein emerged rapidly under a selec,ve pressure with sotrovimab in cell
culture, and subsequent characteriza,on using a pseudovirus assay
resulted in a >100-fold reducBon in suscepBbility to sotrovimab.
• Sixteen other subs,tu,ons introduced into the epitope were also
described as reducing neutraliza,on by sotrovimab by between 5.4 and >
297-fold. Therefore, resistance to sotrovimab can emerge under
experimental condiBons. Addi,onally, 4 of the first 1000 consecu,ve
pa,ents treated with sotrovimab during a Delta wave in Australia are
reported to have developed E340 muta,ons in their viral sequences, and
remained culture posi,ve for 12–24 days aaer dosing.

Therapeu]cs and COVID-19: living guideline - World Health Organiza]on (WHO), April 2022; Ref 67-71



In Calu-3 cells inoculated with the virus and treated
with molnupiravir, we found potent and dose-
dependent inhibition of viral replication based on
qRT-PCR quantification of intracellular viral genomic
RNA.

At clinically relevant concentration of 1 μM,
molnupiravir already reduced Omicron RNA by
70.4% ± 12.5%, p=0.0043.

The dose response curves indicated that Omicron,
as compared to WT SARS-CoV-2, appears to be more
sensitive to the treatment, especially at low
concentrations ranging from 0.5 μM to 5μM, and no
cytotoxicity was observed.



Potent and dose-dependent inhibition of
intracellular viral genomic RNA was
observed.
A low concentration of 0.1 μM has already
reduced Omicron viral RNA by 79.9% ±
8.3% (p=0.0043).
The dose response curves calculated the
IC50 of 0.1765 μM to WT and 0.02462 μM
to Omicron SARS-CoV-2. These curves
suggest that Omicron, compared to the
parental WT SARS CoV-2, is slightly more
sensitive to nirmatrelvir in Calu-3 cell
model,







• No data are available for ac,vity against Omicron variants in cell cultures
currently. However, nirmatrelvir retains ac,vity against BA.1 Omicron in vitro,
but in vivo data are currently unavailable.
• Based upon genome sequence of Omicron, there appears to be no molecular
basis for a loss of ac,vity.
• Much more data are required to ascertain the rate at which resistance will
emerge for nirmatrelvir. Single amino acid changes introduced into the
protease sequence can reduce ac,vity of nirmatrelvir by between 23.6- and 39-
fold.
• Mouse hepa,,s virus (used as a betacoronavirus surrogate) acquired several
muta,ons under a selec,ve pressure in vitro, and these reduced nirmatrelvir
ac,vity by between 4- and 91-fold.
• Two amino subs,tu,ons were described in clinical trials, one of which did not
impact nirmatrelvir ac,vity.

Nirmatrelvir-ritonavir: activity against Omicron and resistance

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022; ref 27 e 25



• Emergence of antiviral resistance: under a selective pressure in vitro, SAR-
CoV-2 resistance to remdesivir emerged and was associated with a
mutation (E802D) within the sequence coding for the polymerase.

• The E802D mutation was also reported in a case study describing an
immunocompromised patient receiving remdesivir who experienced
recrudescence of high-grade viral shedding following a transient virological
response to the drug.

• The clinical significance of these observations if remdesivir were widely
used in an outpatient setting is unclear.

Remdesivir: resistance

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022 Ref 33 34



Molnupiravir: viral variant and resistance
• NHC, the nucleoside analogue metabolite of molnupiravir, had similar ac,vity
against the variants including alpha (B.1.1.7), beta (B.1.351), gamma (P.1), and
delta (B.1.617.2).
• Molnupiravir retains ac,vity against Omicron variants in vitro.
• No data are available for ac,vity against Omicron variants in vivo currently.
• While there appears to be no molecular basis for a loss of ac,vity, there is
residual uncertainty around whether a higher replica,on or transmission rate
may impact efficacy of the drug.
• Insufficient data are currently available to ascertain how high the barrier of
resistance is with SARS-CoV-2 for molnupiravir. Based on experiences with other
nucleoside an,viral drugs, molnupiravir will place a selec,ve pressure for viral
resistance muta,ons within an individual, with the poten,al to spread at a
popula,on level. Non-clinical and/or clinical data are therefore needed, but are
not currently available for molnupiravir.

TherapeuRcs and COVID-19: living guideline - World Health OrganizaRon (WHO), April 2022, Ref 47-49



• There have been no amino acid substitutions in the SARS-CoV-2
associated with resistance to NHC in the phase 2 clinical trials of
molnupiravir performed.

• Following the 30 passages in cell culture, only a twofold decrease in
the susceptibility was observed.

• NHC also demonstrated good activity in cell culture against the virus
with polymerase substitutions associated with decreased remdesivir
sensitivity, indicating a lack of cross resistance

Molnupiravir: viral variant and resistance

Saravolats LD et al, Clin Infect Dis 2022; ciac180.



Which treatment to choose?

• Choices will depend on
• availability of the drugs
• routes of administration (only intravenous for remdesivir and the

monoclonal antibodies)
• duration of treatment
• time from onset of symptoms to starting treatment

• In the absence of direct comparisons of the various therapeutics in trials,
indirect comparisons from the LNMA have been used to inform use of one
drug over another with a related mechanism of action.

Therapeutics and COVID-19: living guideline - World Health Organization (WHO), April 2022



Reduc*on in COVID-19-related hospitaliza*ons

üIn the high-risk, non hospitalized populacon, Molnupiravir achieving a
30% reducRon in Covid-19–related hospitalizaRon or death through 29
days ader randomizacon.

üCovid-19 therapeucc monoclonal anRbodies are associated with relaRve
risk reducRons of approximately 70 to 85% against mild-to-moderate
Covid-19 in outpacent seengs; however, monoclonal ancbodies require
intravenous or subcutaneous/intramuscolar administracon in a health care
seeng, and they may be less effeccve against emerging variants harboring
mutacons in the monoclonal ancbody–targeted SARS-CoV-2 spike protein.

üRemdesivir, an agent administered intravenously, has shown an 87%
reducRon in the risk of progression to severe disease in the outpacent
seeng



Lee TC et al, OFID 2022; 9(3):ofac008. 



Saravolats LD et al, Clin Infect Dis 2022; ciac180.



Lee TC et al, OFID 2022; 9(3):ofac008. 





Review. Taylor PC et al, Nat Rev Immunol. 2021 Jun;21(6):382-393.

Neutralizing mAbs: prophylactic role?



Insufficient immune response to vaccination: 
Tixagevimab/Cilgavimab (Evusheld)
• In Italia, ne è stata autorizzata la temporanea distribuzione per la

profilassi di COVID-19 in soggee adulc
• EVUSHELD (cxagevimab e cilgavimab) è indicato per la profilassi pre-
esposizione dell’infezione da SARS-CoV-2 in soggee adulc ed
adolescenc di età pari o superiore a 12 anni e con peso corporeo di
almeno 40 kg
• La popolazione tralabile deve essere rappresentata unicamente da

soggee con grave stato di compromissione del sistema immunitario e
in presenza di sierologia negacva.







• The complementary binding of tixagevimab and cilgavimab to distinct
regions of the viral spike protein receptor-binding domain presents a
barrier to virus escape
• In vitro studies have shown that AZD7442 retain some neutralizing activity

against the BA.1 subvariant of the Omicron variant, with neutralizing
activity reduced by a factor of 12 to 30 in live virus
• Emerging evidence suggests that the neutralizing activity of AZD7442

against the BA.2 subvariant is only minimally lower than that against the
wild-type virus (lower by a factor of 5 in live-virus assays and by a factor of
3 in pseudovirus assays)
• In February 2022, the FDA recommended an increase in the dose of

AZD7442 to 600 mg because of the emergence of the BA.1 subvariant;
recommendations for repeat dosing intervals have yet to be confirmed,
pending further data.

Tixagevimab/Cilgavimab: viral variant





Future options
• Cross resistance would not be expected between nirmatrelvir,

molnupiravir, monoclonal ancbodies, or remdesivir based upon
different mechanisms of accon.
• Combinacon of different treatments (ancvirals or monoclonal

ancbodies) are not recommended

• New oral ancviral treatments: AT-527
• Sotrovimab: higher doses or intramuscolar injeccon?
• VIR-73832
• BRII-196 + BRII-198

c







It is now in phase III and II clinical trials for the treatment of 
COVID-19 and hepatitis C virus (HCV) infections, respectively

(www.clinicaltrials.gov/ct2/).
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Safety data related to doses of sotrovimab higher than 500mg 

*As of March 04, 2022; SAE was noted as a suspected allergic reaction.1

AE, adverse event; DMC, data monitoring committee; IV, intravenous; mAb, monoclonal antibody; SAE, severe adverse event. [See notes for references].

Sotrovimab is an engineered human monoclonal that acts against an exogenous viral target1
• As a class, anti-SARS-CoV-2 mAbs have demonstrated a consistent safety profile in studies 

evaluating higher doses2–4

To date, there are no clinical data for higher doses of IV-administered sotrovimab in the licensed 
population5

A 1000mg IV dose of sotrovimab is currently being explored in the RECOVERY UK platform trial 
(hospitalized patients with COVID-19; sotrovimab n=358)5,7

• As of March 21, 2022, one SAE has been reported in the sotrovimab arm;5 no trial changes were 
recommended by the public DMC5,*

Clinical data1,5

• To date, safety data from the clinical program (500mg IV 
dose) have demonstrated a low rate of AEs (including 
SAEs and Grade 3–4 AEs)

• No adverse, drug-related findings were observed up to 
the highest dose tested (500mg/kg/week) in a 2-week 
repeat, IV-dose toxicology study in cynomolgus monkeys

Preclinical data1,6





VIR-7832



Lancet Infect Dis 2022; 22: 622–35



Study population













Conclusions













Conclusioni
üChi dovrebbe essere candidato al tralamento?

mancano dac su pazienc VACCINATI
üDose oemale in corso di VOC?

Sotrovimab 500 mg / 1000 mg
Evusheld 300 mg / 600 mg

üIn che fase di malaea?
severi/cricci; > 10 giorni di tralamento

üDurata della protezione post mAbs neutralizzanc?
non dac emivita mAbs in vivo



Conclusioni

üVOC: ridotta capacità neutralizzante verso Omicron BA.2, BA.3, BA.4, BA.5?

üLa terapia accelera il tempo alla guarigione virologica?

üGravidanza/età pediatrica

üFarmacovigilanza Molnupiravir



GRAZIE PER 
L’ATTENZIONE


