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AFFILIATIONS

PANORAMIC trial

RESULTS

• Antibody effect on eliminating infected cells: EC90 = 1.7104 IU/mL, ϵA = +108%.

• Molnupiravir effect on viral production by maximum 69% via direct inhibition, 76%

via transition mutations, and 93% with both mechanisms.

CONCLUSION

Antiviral effect via different mechanisms of action
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Predicted outcomes for different treatment durations with molnupiravir

• Our model estimated that on average, molnupiravir would directly reduce viral production by

maximum 69%.

• By increasing mutation load by 1.3 times, molnupiravir would further inhibit viral production by 76% on

average at treatment completion.

• Insufficient treatment duration was identified as the main driver of virological rebound observed in

participants treated with molnupiravir.

• Molnupiravir administered for at least 10 days should adequately limit the risk of virological rebound.

Standing et al, Nat Commun, 2024

• The virological efficacy of molnupiravir

has not yet been clearly quantified.

• Suboptimal antiviral efficacy & virological

rebound following 5-day administration

probably result from unadapted treatment

duration.

• Mutation types maybe associated with

virologic response.

To disentangle host immune & drug effect on viral load, spike antibodies

and proportion of transition mutations.

To evaluate longer treatment courses on virological response.
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MATERIALS AND METHODS

1 2 3

4

Models fitted for Usual Care arm then

Model fitted for both arms

Based on BICc2021R2

 

 

 

 

 

                 

                                      

 
 
 
 
 
 
 
  
 
 
 
 
 
 
  
 
 
  
 
 
  
 
 
 
 
 
 
 
  
 

 
 
 

   

   

   

   

   

   

                 

                                      

 
 
  
 
 
 
 
  
 
 
 
  
 
  
 
 
 
 
  

 
 
 

   

   

   

   

   

                 

                                      

 
  
 
 
  
  
 
  
  
  
 
 
 
  
  
 
  

 
  
  
 
 
 

*, time since infection; **, time since treatment end; ***, from infection to sustained negative PCR.
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1 − 𝜋0
) − ϵ𝑃 × 𝑙𝑛

𝑃 𝑡

1 − 𝑃 𝑡
− 𝑙𝑛

𝑃0

1 − 𝑃0

Models for the effect of transition mutations on viral kinetics:

- Decreased proportion of infectious virions

- Decreased viral production from infected cells

Model building strategy
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Models for viral kinetics:

- Target cell limited

- Refractory

- Cytotoxic

1

Goncalves et al, AAPS J, 2020

2 Spike antibodies

- Decreased viral infectivity

- Increased loss rate of 

infected cells

Viral load

3 Proportion of transition mutations

𝑨 𝒕 = 𝑨𝒎𝒂𝒙 × 𝒆−𝒆𝜶𝟏−𝜶𝟐 𝒕+𝒕𝑰−𝒕𝑨

Models for antibody effect:

4 Molnupiravir concentrations & effects

𝐶 𝑡 = 𝐶∞ × 1 − 𝑒− 𝑡−𝑡𝑠𝑡𝑎𝑟𝑡 ∗0.25 if tstart t tend

𝐶 𝑡 = 𝐶∞ × 1 − 𝑒− 𝑡𝑒𝑛𝑑−𝑡𝑠𝑡𝑎𝑟𝑡 ∗0.25 ∗ 𝑒−0.25∗ 𝑡−𝑡𝑒𝑛𝑑 if t>tend

Molnupiravir pharmacokinectics

Concentrations in effect compartment 

Τ𝑑𝐶𝑒 𝑑𝑡 = 𝑘𝑒0 × (𝐶(𝑡) − 𝐶𝑒(𝑡))

Models for direct effect on viral kinetics
𝐸(𝑡) = 𝐶(𝑡)/(𝐶(𝑡) + 𝐶50)

Models for effect on 

transition mutations

𝐸𝑃 𝑡 = 𝜀𝑃 × 𝐶 𝑡 or 

𝐸𝑃 𝑡 = 𝜀𝑃 × 𝐶𝑒(𝑡)

- Decreased proportion 

of infectious virions
𝛽 𝑡 = 𝛽0 × 1 − 𝑬𝑨 𝒕

𝛿 𝑡 = 𝛿0 × 1 + 𝑬𝑨 𝒕

𝛿 = 𝛿0(1 +
𝜙𝛿𝐼2

𝐼2+𝐼50
)

 = 0, 𝜌 = 0

 > 0, 𝜌 > 0

- Decreased viral production 

𝜇(𝑡) = 𝜇0 × (1 − 𝐸(𝑡))

𝜋(𝑡) = 𝜋0 × (1 − 𝐸(𝑡))

𝑙𝑛
𝑃 𝑡

1 − 𝑃 𝑡
= 𝑙𝑛

𝑃0

1 − 𝑃0
+ 𝑘𝑃 × 𝑡 + 𝑬𝑷 𝒕
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1 − 𝜇 𝑡
) = 𝑙𝑛(

𝜇0

1 − 𝜇0
) − ϵ𝑃 × 𝑙𝑛

𝑃 𝑡

1 − 𝑃 𝑡
− 𝑙𝑛

𝑃0

1 − 𝑃0

𝑬𝑨 𝒕 = 𝛜𝑨 × 𝐴(𝑡)/(𝐴(𝑡) + 𝐴90/9)

Treatment durations necessary for optimised virological outcomes:

• 14 days for prophylaxis to minimised transition mutation load & rebound rates

• 10 days for therapeutic use

Usual Care

Usual Care

Molnupiravir

Time since
randomization (days)

2 4 6 8 10 12 14 280

n=324

n=253

Nasal swab done in all patients

Virological sampling

Immunological
sampling

…

Nasal swab for intensive sampling

(40)

(37)

Butler et al, The Lancet, 2023Study design
• Randomised

controlled trial

• Frequent sampling

• Participants

recruited early since

symptom onset
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VPC plots for the final model
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