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Overview of the day - COVID-19 appraisals

ID 4038 MTA of COVID-19 treatments ACM 2

2.1 Community setting (mild COVID-19) – Part 1 Public

3.1 Hospital setting (severe COVID-19) – Part 1 Public

2.2 Community setting – Part 2 Private

3.2 Hospital setting – Part 2 Private

ID 6136 STA of tixagevimab/cilgavimab (Evusheld) ACM 1

4.1 Prophylaxis in highly vulnerable people – Part 1 Public

4.2 Prophylaxis – Part 2 Private

Section Data relevant to both appraisals

1.1 SARS-CoV-2: variant tracking Public

1.2 In vitro data Public

1.3 Position of various organisations Public
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Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB

• Position of various organisations
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Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB

• Position of various organisations
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Evolution of SARS-Cov-2 Omicron variants*

* additional slide in appendix
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Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB

• Position of various organisations
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Circulating variants change and difficult to predict

Source: UKHSA Technical briefing 49 (11 January 2023). Weekly growth rates: Table 3 (Please note limitations of model methods in Technical briefing 49 and 48)

Possible only to predict prevalence of variants from trajectories of currently circulating variants in the near future

Alpha Delta
Omicron
B1.1.529

Omicron
BA.2

Omicron
BA.5

Omicron BQ.1 (51.3%) 

Omicron BA.4.6 (0.12%)

Omicron BA.2.75 (4.9%)

Omicron CH.1.1 (19.5%)

XBB recombinant (3.6%)

XBB.1.5 (V-23JAN-01) (4.5%)

Predicting change in currently circulating variants 
limited only to the ‘near future’ (1-2 months)

BA.4

ACM1
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UKHSA Technical Briefing 49. 11th Jan 2023
Multinomial modelling, estimated prevalence
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UKHSA Technical Briefing 49. 11th Jan 2023*
Multinomial modelling, estimated prevalence

62.13%

8.68%

15.78%

ACM1 * additional slide in appendix
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Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB

• Position of various organisations
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About the IVAG

• Four meetings in December chaired by 
Amanda Adler (previous TAC Chair)

• Expertise in using and understanding COVID-
19 clinical, health economic and in vitro data

• Various schools of thought including Crick 
Institute, advisors to the WHO guideline and 
authors of the OpenSAFELY publications 

• Output: interim framework and decision rules 
for assessing COVID-19 in vitro data

Amanda Adler 
(Chair)

Director, Diabetes Trials Unit, University of Oxford

David Bauer Group Leader & Head, RNA Virus Replication Laboratory. The Francis Crick Institute 

Rupert Beale Clinician Scientist Group Leader, Consultant Nephrologist, The Francis Crick Institute, 
UCL Division of Medicine

Sanjay Bhangani Consultant Physician and Honorary Associate Professor, Royal Free Hospital and 
University College London 

Neil Ferguson Director, MRC Centre for Global Infectious Disease Analysis, Imperial College London 

Neil Hawkins Professor of Health Technology Assessment, University of Glasgow

Mark Jit Professor of Vaccine Epidemiology, London School of Hygiene and Tropical Medicine 

Saye Khoo Professor in Pharmacology, Hon Consultant Physician in Infectious Diseases, 
University of Liverpool

David Lalloo Director, Liverpool Tropical School of Medicine 

Siraj Misbah Consultant Clinical Immunologist, Oxford University NHS Foundation Trust

Andrew Owen Professor of Pharmacology, University of Liverpool 

Derek Smith Professor of Infectious Disease Informatics, Zoology Department at Cambridge 
University

David Stuart MRC Professor of Structural Biology, University of Oxford

Mark Sutton Scientific Leader - Healthcare Biotechnology, and Professor for Antimicrobial Therapy, 
UKHSA and King's College London 

Laurie Tomlinson NIHR Research Professor, Honorary Consultant Nephrologist, London School of 
Hygiene and Tropical Medicine (Key author on OpenSAFELY data papers)

Erik Volz Reader in Population Biology of Infectious Diseases, Faculty of Medicine, School of 
Public Health, Imperial College London
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Aim of In Vitro Advisory Group, IVAG
To help technology appraisal committee make reimbursement decision when clinical trial evidence for a ‘technology’  -
monoclonal antibody treatment for COVID – is based on variants no longer circulating

IVAG
Questions:
• How do we identify, interpret and 

appraise in vitro data?

TA committee
Questions:
Compared to usual care and each other:
• Are nMAbs effective?
• Are nMAbs cost-effective?
• For treatment and/or prevention?

Output

• Recommendations whether or not to 
recommend that the NHS reimburse nMAbs 
when clinical trials evidence is generated in 
a different variant era

Output

• Framework for linking data from in vitro 
studies of drug neutralisation of different 
coronavirus variants to clinical outcomes

nMAbs, neutralising monoclonal antibodies
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Conceptual framework for decision-making 

Data in people
Pharmacokinetic PK 

Pharmacodynamic PD

Epidemiology – currently 
circulating variants

In vitro neutralisation of drugs in 
reference variant from RCT 

vs.  current variants

IVAG

NICE
TA 

committee

Clinical outcome 
e.g. infection rate + 

hospitalisation

Cost-utility analysis 
QALY benefit, costs

Decision

No neutralisation –
likely no clinical effect

Yes

No

⦿ trial data and observational data 
RCT, Randomised controlled trial
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How to interpret neutralisation curves*

Increasing drug concentration (ng/ml)
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EC-50

• 1 graph per drug – monoclonal antibody or combinations 

• X-axis: (exponential) increasing concentration of the antibody (in 

ng/ml) as would be expected in serum in people

• Y-axis: neutralising activity as a percentage of virus neutralised in 

the assay

• Colours reflect different viral variants.  Black is reference  - one on 

which clinical trial was conducted

• For example bebtelovimab does not inhibit BQ.1.1 even at 

high concentrations 

• EC-50 value is concentration needed to neutralise 50% of virus 

• EC-50 used to calculate the ‘n-fold differences’ between 

treatments as the most stable point in the dose-response 

curve

• EC-90 value is concentration needed to neutralise 90% of virus 

• EC-90 used to calculate threshold for efficacy because it 

represents most of the viral population being neutralised

EC-90

Planas et al. 2022
* additional slide in appendix

https://www.biorxiv.org/content/10.1101/2022.11.17.516888v2
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In vitro neutralisation can indicate likely clinical effect 

• Neutralisation used to identify promising treatments

• For each new variant, neutralisation assays of existing 

drugs can inform clinical effect

• A complete loss of neutralisation activity against a variant 

(no inhibition, even at supraphysiological doses) likely 

means no clinical effect

• NMAbs are dose-linear; if dose doubled then serum 

concentration doubled

• Reduced neutralisation: increased dose may maintain 

neutralisation

• Requires PK/PD data in humans to understand the 

relationship to clinical efficacy

• Effector functions of nMAbs – effects beyond 

neutralisation- are hypothesised to have an additional 

effect, but little known about mechanism of action.

Planas et al. 2022
PK, Pharmacokinetic; PD, Pharmacodynamic

https://www.biorxiv.org/content/10.1101/2022.11.17.516888v2
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PK/PD data needed to understand drug concentration in people

• Dose available in the appropriate tissue (for example lung) unknown but is necessary to understand if there 
will be a change in efficacy 

• It is not possible to estimate neutralisation in people from 
in vitro neutralisation curves – this requires 
pharmacokinetic studies of licensed doses

• N-fold change alone cannot determine effectiveness. 
Consider a 100-fold change in neutralisation: 

• If licensed dose from RCT were dose 1, this would likely 
have minimal impact on clinical outcomes as there is 
still neutralisation activity

• If licensed dose from RCT were dose 2,  this would 
likely mean no clinical benefit

• There are 2 methods for this:

• Dose-failure benchmarks  - IVAG prefers 

• Adjusting serum drug concentrations to tissue

Starting dose 1 
10,000

Starting dose 2 
100
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How to interpret neutralising titres in people*

Time days 
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• Antibody titres - a test that determines the presence and 
level (titre) of antibodies in blood

• Example:  sotrovimab
• Curves are 3 different dosages of drug for delta variant(solid) 

and 1 dose for omicron BA.2 (dotted)
• X-axis is time 
• Y-axis is neutralisation titre

• defined as concentration of sotrovimab ➗ by 
concentration needed to neutralise 90% of virus 

• Interpretation i.e. 500 mg IV treatment (black) shows higher 
number of antibodies in serum from administration, 
whereas 500 mg IM (green) takes longer to reach a steady 
level

• May need different neutralisation titres for treating or 
preventing COVID

• An n-fold reduction in neutralisation activity would result in 
the same reduction in neutralisation titreSource: https://www.fda.gov/media/157556/download

* additional slide in appendix
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Identifying when a reduced dose worsens clinical outcomes*
FDA has used trial to identify ‘benchmarks’

• COMET-TAIL trial compared sotrovimab 500 mg 

IM vs 500 mg IV during Delta wave; 

the 250 mg IM cohort was terminated because of 

a higher rate of hospitalisation and death

IM, Intramuscular; IV, Intravenous; NT, Neutralisation titres

Source: https://www.fda.gov/media/157556/download

Therefore, FDA assumed that 250 mg IM against 
Delta variant as a benchmark of suboptimal clinical 
efficacy 

FDA assumed suboptimal clinical efficacy against 
BA.2 because n-fold adjusted neutralisation titre 
values of 500 mg IV for BA.2 (black dotted line) 
even lower that the 250 mg IM values against delta 
(lower than benchmarked dose failure)
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* additional slide in appendix
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Summary of IVAG discussions

• Difficult to predict viral evolution and likely prevalence of future new variants that cause COVID

• Circulating variants in near future likely related to currently circulating variants with the same 

mutations that may reduce effectiveness

• In general, reduced effectiveness over time as new variants evolve

• It is possible to determine an association between in vitro neutralisation data and clinical 

outcomes

• Clear when no neutralisation, no clinical benefit

• If there is reduced neutralisation of a new variant compared to variant prevalent during a 

randomised trial for which evidence is available, neutralisation data alone is not enough 

to conclude that effect estimates seen in the trial is generalisable to new variant– this 

requires PK/PD data

• Most appropriate method of estimating clinical effect is identifying when a dose fails to 

provide benefit and matching this to an expected reduction in neutralisation



19191919

Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB (earlier BA.5)

• Position of various organisations
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Takashita, 20th July 2022 
Efficacy of Antibodies and Antiviral Drugs against Omicron BA.2.12.1, BA.4, and BA.5 Subvariants 

N Engl J Med 2022; 387:468-470.  DOI: 10.1056/NEJMc2207519 
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Wu (Crick group), 6th Oct 2022
WHO’s Therapeutics and COVID-19 Living Guideline on mAbs needs to be reassessed

No BQs or XBBs in this paper

www.thelancet.com Published online October 6, 2022 https://doi.org/10.1016/S0140-6736(22)01938-9 

• “At present there is an unrealistically high threshold to 
enter a therapeutic agent into clinical practice. The 
threshold to withhold or withdraw the same agent is 
much lower when based on in vitro evidence for loss of 
potency alone. 

• Such a situation disproportionately affects vulnerable 
patients whose other essential medications or 
comorbidities exclude COVID-19 therapeutics other than 
a neutralising mAb. 

• This situation also strongly disincentivises development 
of novel antivirals that are needed to continue to offer 
protection to highly vulnerable populations.” 

Figure 1. Neutralisation of SARS-CoV-2 variants by monoclonal antibodies (mAbs). For each combination of mAb and SARS-

CoV-2 variant, 288 independent data points are shown, which were generated from 3 independent repeats of 12 independent 

titrations, each consisting of 2 technical replicates of a 4-point dilution series against live SARS-CoV-2 virus. EC50 values (solid 

vertical lines) by were calculated fitting a 4-parameter dose-response curve (solid curves) to this data. For each mAb, the mean

serum concentration at maximum (grey point) and twice its standard deviation (grey error line), and at 28 days post-administration 

(black points) and twice its standard deviation (black error line) was obtained from its Summary of Product Characteristics (see
Table 3) and plotted here for reference. 
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Recent papers on BQ.1, BQ.1.1, XBB
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Recent papers on BQ.1, BQ.1.1 or XBB*

Lead Title Date Journal Origin Link

Planas
Resistance of Omicron subvariants BA.2.75.2, 
BA.4.6 and BQ.1.1 to neutralizing antibodies 

17th November 2022
bioRχiv 
(preprint)

Paris
https://pubmed.ncbi.
nlm.nih.gov/3641545
5/

Arora
Omicron sublineage BQ.1.1 resistance to 
monoclonal antibodies 

18th November 2022
Lancet 
Infect Dis

Göttingen 

https://www.thelance
t.com/journals/laninf/
article/PIIS1473-
3099(22)00733-
2/fulltext

Wang
Alarming antibody evasion properties of rising 
SARS- CoV-2 BQ and XBB subvariants 

14th December 2022 Cell New York

https://www.scienced
irect.com/science/arti
cle/pii/S00928674220
15318

Cao
Imprinted SARS-CoV-2 humoral immunity induces 
convergent Omicron RBD evolution 

19th December 2022 Nature Beijing
https://www.nature.c
om/articles/s41586-
022-05644-7

Imai
Efficacy of Antiviral Agents against Omicron 
Subvariants BQ.1.1 and XBB

5th January 2023 NEJM Tokyo
https://www.nejm.org
/doi/full/10.1056/NEJ
Mc2214302

* additional slide in appendix
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1/5 Planas. Resistance of Omicron subvariants BA.2.75.2, BA.4.6 and BQ.1.1 to neutralizing 
antibodies 
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2/5 Arora. Omicron sublineage BQ.1.1 resistance to monoclonal antibodies 

Ronapreve Evusheld

Sotrovimab
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2/5 Arora. Omicron sublineage BQ.1.1 resistance to monoclonal antibodies 

Evusheld

Ronapreve
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3/5 Wang. Alarming antibody evasion properties of rising SARS- CoV-2 BQ and XBB subvariants 

EvuSotrov CilgavTixagev
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4/5 Cao. Imprinted SARS-CoV-2 humoral immunity induces convergent Omicron RBD evolution 

EvusheldCilgavTixagev Sotrov

RBD, Receptor binding domain 
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5/5 Imai. Efficacy of Antiviral Agents against Omicron Subvariants BQ.1.1 and XBB
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5/5 Imai. Efficacy of Antiviral Agents against Omicron Subvariants BQ.1.1 and XBB
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Recent papers on BQ.1, BQ.1.1 or XBB*

Lead Title Date Journal Origin Link

Planas
Resistance of Omicron subvariants BA.2.75.2, 
BA.4.6 and BQ.1.1 to neutralizing antibodies 

17th November 2022
bioRχiv 
(preprint)

Paris
https://pubmed.ncbi.
nlm.nih.gov/3641545
5/

Arora
Omicron sublineage BQ.1.1 resistance to 
monoclonal antibodies 

18th November 2022
Lancet 
Infect Dis

Göttingen 

https://www.thelance
t.com/journals/laninf/
article/PIIS1473-
3099(22)00733-
2/fulltext

Wang
Alarming antibody evasion properties of rising 
SARS- CoV-2 BQ and XBB subvariants 

14th December 2022 Cell New York

https://www.scienced
irect.com/science/arti
cle/pii/S00928674220
15318

Cao
Imprinted SARS-CoV-2 humoral immunity induces 
convergent Omicron RBD evolution 

19th December 2022 Nature Beijing
https://www.nature.c
om/articles/s41586-
022-05644-7

Imai
Efficacy of Antiviral Agents against Omicron 
Subvariants BQ.1.1 and XBB

5th January 2023 NEJM Tokyo
https://www.nejm.org
/doi/full/10.1056/NEJ
Mc2214302

* additional slide in appendix
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Summary of in vitro papers investigating BQ.1, BQ.1.1, XBB. 

Sotrovimab Casirivimab Imdevimab
Ronapreve
Cas + Imdev

Tixagevimab Cilgavimab
Evusheld

Tixa + Cilga
Remdesivir Molnupiravir

Paxlovid
Nirmatrelvir

Ritonavir

Planas BQ.1.1

XBB

Arora BQ.1.1

XBB

Wang BQ.1.1 S309 
(precursor)

XBB

Cao BQ.1.1 S309 
(precursor)

XBB

Imai BQ.1.1 S309 
(precursor)

XBB
?

Not 
evaluated

No 
neutralisation

Reduced 
neutralisation

Unaffected 
neutralisation
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https://covdb.stanford.edu/susceptibility-data/table-mab-susc/

Ronapreve Evusheld Sotrovimab
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Late breaking (17th Jan 2023): Therapeutic and vaccine-induced cross-reactive antibodies 
with effector function against emerging Omicron variants 

Addetia et al. https://www.biorxiv.org/content/10.1101/2023.01.17.523798v1

1) Neutralisation activity reduced 2) Sotrovimab still binds to virus

4) Still works in mice with BQ.1.1
3) Virus-infected cells still killed

ADCC: antibody-dependent cell cytotoxicity

Body weight loss 
(BQ.1.1)



3535353535353535

Interpretating neutralisation curves – IVAG conclusions

Unclear

Sotrovimab

• Sotrovimab neutralises all variants tested,  but needs higher concentrations 
to achieve the same effect as when used to neutralise Delta ~100 n-fold 
difference measured at EC50

• ∴ need to consider PK/PD to understand the effect on clinical outcomes

No 
neutralising 

activity

Tixagevimab + cilgavimab

• No evidence of neutralisation activity against any new variants tested at 
concentrations likely to be achieved in the body

• ∴ likely no clinical effect of the treatment for these variants

Variant -
dependent

Casirivimab/ + imdevimab

• No evidence of neutralisation activity against BA.2.75.2 or BQ.1.1.

• Reduced neutralisation against BA.4.6 

• ~1000 n-fold more drug required to achieve EC50

• ∴ need to consider PK/PD to understand effect on clinical outcomes

• NICE can appraise drugs only within licensed dosages
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Concentration of drug

Planas et al. 2022

https://www.biorxiv.org/content/10.1101/2022.11.17.516888v2
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Section 1 Data relevant to both appraisals

• SARS-CoV-2 variant tracking

• Evolution of variants

• UK Health Security Agency (UKHSA) technical briefings

• In vitro data

• The In Vitro data Assessment Group (IVAG)

• BQ.1, BQ.1.1, XBB

• Position of various organisations
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Position of various organisations

Sotrovimab Casirivimab plus imdevimab Tixagevimab plus cilgavimab

Strong recommendation 
against use (13 January 
2023, first published 14 
January 2022)

Strong recommendation 
against use (13 January 2023, 
first published 24 September 
2021)

NA (prevention only)

Emergency Use 
Authorisation (EUA) 
withdrawn 5 April 2022

EUA withdrawn 24 January 
2022

NA (prevention only)

As of 9th December 2022, EMA’s Emergency Task Force (ETF) has cautioned that 
monoclonal antibodies currently authorised for COVID-19 (including sotrovimab, 
casirivimab plus imdevimab and tixagevimab plus cilgavimab) are unlikely to be effective 
against emerging strains of SARS-CoV-2.
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Overview of the day

ID 4038 MTA of COVID-19 treatments ACM 2

2.1 Community setting (mild COVID-19) – Part 1 Public

3.1 Hospital setting (severe COVID-19) – Part 1 Public

2.2 Community setting – Part 2 Private

3.2 Hospital setting – Part 2 Private

ID 6136 STA of tixagevimab/cilgavimab (Evusheld) ACM 1

4.1 Prophylaxis in highly vulnerable people – Part 1 Public

4.2 Prophylaxis – Part 2 Private

Section Data relevant to both appraisals

1.1 SARS-CoV-2: variant tracking Public

1.2 In vitro data Public

1.3 Position of various organisations Public
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Variants can have ‘spike mutations’ which cause resistance to 
neutralising monoclonal antibody treatments

• Certain spike mutations are associated with 
more significant loss of neutralisation 
compared to drug’s activity against reference 
variant e.g. R346T

• Spike mutations can develop independently 
through different lineages

• Evolution of virus in the near future likely 
from currently circulating variants that may 
retain these mutations (e.g. BQ.1.1 from 
BQ.1) 

• Neutralisation activity of drugs against 
historical variants (or their sublineages) may 
become relevant because mutations and 
recombinant strains can occur in 
immunocompromised patients
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Comparison of the estimated relative growth rates for emerging BA.5, 
BA.4, BA.2 and recombinant lineages versus that for specifically 
BQ.1.1 lineages

Source: UKHSA Technical 
briefing 49 (11 January 
2023). 

Relative growth rate compared 
with Omicron BQ.1.1

XBB.1.5: ~ x39%

CH.1.1 ~ x22%

XBB~ x4

Omicron BQ.1 - relative 
growth rate vs BA.5.2 ~x39 
(Tech briefing 48)
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How to determine the quality of in vitro evidence

• Cell-lines

• Pseudo-virus/live virus

• Reproducibility

• Good Clinical Practice-compliant high-throughput platform, calibrated to WHO 

International Standards (Wu et al 2022)

• MHRA in partnership with DHSC have created a variant framework (agreed 

with companies) for best practice

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(22)01938-9/fulltext
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Adjusting serum concentrations to reflect lung tissue

• An alternative approach is to simulate an EC-90 

value for sotrovimab compared to reference 

variant generating  trial evidence

• Reduce this using a tissue-adjustment – to 

account for serum levels of sotrovimab being 

higher than where it would have effect (i.e. the 

lungs)

• FDA suggests lung tissue concentrations are 6.5% 

to 12% of serum 

• IVAG concurs that this approach has limited use 

for quantifying likelihood of efficacy and is weaker 

than analysis of when a dose would fail
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GSK submitted data on sotrovimab (VIR-7831), 13 Jan 2023

1Cathcart AL, Havenar-Daughton C, Lempp FA, et al. The dual function monoclonal antibodies VIR-7831 and VIR-7832 demonstrate potent in vitro and in vivo activity against SARS-CoV-2. bioRxiv 
[Preprint]. 01 April 2022. doi: 10.1101/2021.03.09.434607v12 
2Park YJ, Pinto D, Walls AC, et al. Imprinted antibody responses against SARS-CoV-2 Omicron sublineages. Science. 2022 Nov 11;378(6620):619-627. doi: 10.1126/science.adc9127. Epub 2022 Oct 
20.
3 GSK data on file not public/peer reviewed
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