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ABSTRACT

Favipiravir is a broad acting antiviral and has been investigated for high consequence infectious
diseases (e.g. Ebola, highly pathogenic influenza strains). Therefqrat the beginning of the
SARSCoV-2 pandemic in early 2020, favipiravir was amongsigents that could potentially be
used as a treatment for this newly emerged disease.Trials of the oral formulation were
inconclusive due to the high pill burden, timing of therapy and complex pharmacokinetics of
favipiravir that made dose selection challenging. These uncertainties were confounded by the
lack of published data regarding the active intracellular metabolite, favipiravir ribofuranosyP «
triphosphate, which may have aided understandingof the observed lack of effect. However,
collecting samples for quantitation of intracellular metabolites can be ethically and practically
challenging, especially during a pandemic when information about virus transmission, evolution
and prevention are conthually changing. An intravenous formulation was developed bluijifilm
Toyama, andit was anticipated that this would overcome thereported challenges with the oral
formulation.

The intravenous formulation of favipiravir was investigated ipatients who were hospitalised with
severe COVIB19 inthe AGILE CSb clinical trial. Participants were enrolled if they were within
14 days of COVIB19 symptom onset andwere classed as having severe COVHD9, but without
requirement for invasive oxygen supplementationThe trial was a dose escalation study with the
first cohort receiving 600 mg and subsequent cohorts receiig 1200, 1800 and finally 2400 mg
of intravenous favipiravirinfusion over 1 h, twice daily for 7 days.

This thesis sought to develop and validate L&IS/MS methods for the bioanalysis of samples
collected from participants on the AGILE CS'® trial and to characterise the pharmacokinetics of
intravenous favipiravir and its active intracellular metabolite favipiraviP friphosphate. Further
to this, the inactive metabolite, favipiravir M1 was characterised to evaluate differences in
aldehyde oxidase activity. Seven methods were developed and validated in totafor the
guantitation of favipiravir in plasma, saiva, tears and nasal swabs, and dried plasma, for
favipiravir M1 in plasma and for quantitation of favipiravir ribofuranosyP Hriphosphate in
peripheral blood mononuclear cells and dried blood. All methods were found to be precise and
accurate.

The pharmacokinetics of favipiravir was comparable to that of the oral formulation, with high
interindividual variability observed across pharmacokinetic parameters and matricesincreases
in plasma favipiravir concentrations were greater than dose proportionalDoses of 2400 mg were
required to meet the target Gougn Of 24900 ng/mL, with subtherapeutic levels of favipiravir
observedin non-plasma matrices. Calculation of peak-to-trough ratios indicated that the active
intracellular metabolite has flatter pharmacokinetics and therefore an extended intracellular
half-life compared to favipiravir. Analysis of the M1 metabolite revealed differences in favipiravir
metabolism, that were inferred using the ratio of Mito-favipiravir. Correlations between
favipiravir liquid plasma and HemaSepg plasma, the improved stability of favipiravir
ribofuranosyl-P #riphosphate and simplified collection and storage procedures imply that
HemaSep# plasma separation cards may be useful for the collection of samples in resource
limited settings.
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1. Introduction

1.1 Background

High consequence infectious diseases (HCIDs) are typically those which occur less frequently
but have the potential for high mortality among otherwise healthy individuals. The exact definition
is variable between nations but in the United Kingdom (UK), HO3 are classed as those which
are acute in nature, with limited prophylaxis or treatment options and high caséatality rate.
HCIDs are often difficult to detect rapidly and have the ability to spread within communities and
in healthcare facilities (HSA, 2018). Many of the pathogens on the UK HCID list are viral
haemorrhagic fevers (VHFs) such as Ebola virus disease (EVD), Marburg virus disease (MVD),
Crimean-Congo haemorrhagic fever (CCHF) and Lassa fever. Other agents on the list include
avian influenza virsses (H5N1, H5N6, H7N7, H7N9) and coronaviruses (Middle Eastern
respiratory syndrome; MERS, severe acute respiratory syndrome; SARS). Coronavirus disease
2019 (COVID19) was categorised as a HCID with the publication of the UK Health Security
NIIUA! Kk duidimae Bocwnent on 18" January 202QHSA, 2020) However, this status was
rescinded on the 19'of March 2020 following review of the updated knowledge of the disease, in
particular the revised mortality rate being considerably lower than first predicted. Initial reports
suggested mortality could be as high as 15%, but evidence in the months follovgrindicatedthat
mortality was much lower at < 5%Rajgoret al., 2020)and this was confirmed as the pandemic
progressed (Horita and Fukumoto, 2023) In the UK, by March 2020 mortality was observed at
68.5 deaths per 100,000 peopldONS, 2020) leading to the removal of COVIEL9 from the HCID

list.

Outbreaks of HCIDs tend to occur sporadically, but the past decade has seen several larger
epidemics (EVD, SARE0V-2, Mpox) with national and global impact, due to the relative easat

which the pathogens can be transmitted via both contact and airborne route¢Sowole et al.,
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2024). In 20147 2016, there was a large EVD outbreak in West Africa with over 28,000 cases and
11,000 deaths(Kamorudeenet al., 2020) Documented case-fatality rates (CFR) were as high as
75% in Mali; however, the three nations most severely affected were Guinea, Liberia and Sierra
Leone which reported CFR of 28 66.7% (Kamorudeenet al., 2020) The impact of the outbreak
reached beyond the immediate health consequences of EVD. Healthcare workers were up to 32
times more likely to become infected with Ebola virus compared to the general population and it
is reported that up to 8.1% of the healthare workforce in Liberia died from EV[Elston et al.,
2017). The prevalence of the disease in healthcare workers continued to affect healthcare
capabilities in the aftermath of the outbreak and in areas where such provisions are already
unevenly distributed between urban and rural settinggElstonet al., 2017) There have also been
societal consequences following the outbreak, with thousands of children orphaned after losing
both parents to EVD, missing years of education and reduced physical contact with family and
friends having a profound effect on their psghological well-being. Crime rates increased and
food supply was affected with bans on bushmeat leading to an influx of lower quality produce as
well as increases in the price of other food itemgKyobe Bosaet al., 2024) All of these factors
have considerable postoutbreak consequences on the public health of the population in the
region, with individuals unable to seek care for other medical conditions due to a lack of
provision, children with poor mental health, a risein teenage pregnancy and increases in
malnutrition and its effect on breastfeeding mothers and newborn children among some of the

many concerns reported following the EVD outbreakElstonet al., 2017)

More recently, the severe acute respiratory syndrome coronavirug (SARSCoV-2) pandemic
has provided an example of how a virus can quickly spread across the globe and have a major
influence on daily life. Since early 2020, there have been approximately 777,000,000 cases of
COVID19 and 7,000,000 deaths(WHO, 2025) The interventions used to quell the spread of
SARSCoV-2 included societal measures such as lockdown, involving the closing of all but
essential shops and services and limiting the capacity for individuals to leave their homes.
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Estimates suggest that in Spring 2020, up to a billion people around the world were under

lockdown conditions (Wassler and Talarico, 2021 )which has had lasting consequences over the

succeeding years. Psychological impacts of the pandemic, such as stress, anxiety and
depression have been noted in more vulnerable groups such as children and women. In

particular, many healthcare workers have eported post-traumatic stress disorder following the

most severe waves of COVIEL9 in 2020 and 202XAlizadehet al., 2023) The closure of schools

Tel RUDWGYHET Ys Ut WSct WennWHEqQUIT WeE GGl YFRAGE qIT! WNIOS
student population (Alizadehet al., 2023) The economic impact of COVIBEL9 has also been

significant, with decreases in gross domestic product (GDP) leading to recessions in some

nations, job losses, and stunted economic growth(Rathnayakaet al., 2023)

It is clear that emerging HCIDs have the potential for devastating effects, not only directly on
health but also on wider factors that continue to influence public health even after the outbreak
has concluded. It is therefore pertinent to understand theseemerging viruses, where they
emerge from (origin species), what factors led to their emergence and how we can prevent and
treat the diseases that they cause. For some, such as Ebola, pharmacological interventions are
still scarce despite outbreaks occurring throughout central and West Africa for almost 50 years.
For others, such as SAR€0V-2, the volume and speed at which research was conducted in all
facets of understanding the virology, epidemiology and treatment or prevention of the infection
was unprecedented. For instance, the first trial for COVIEL9 treatment was conducted in
February 2020 for remdesivir and human clinical trials for a SARSV-2 vaccine were
commenced in March 2020. The first approved vaccine, from Pfizer, was given in the UK to
Margaret Keenan, a 9¢year-old woman, on the 8'of December 2020, signalling the fastest trial

to-approval in vaccine development history.
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1.2 Pharmacokinetics/Pharmacodynamics

An essential step in the development or repurposing of pharmaceuticals for the treatment of new
infectious diseases is characterising the pharmacokinetics (PK) and pharmacodynamics (PD) of
the investigational drug. PK involves understanding how the bodyquresses a drug through four

main processesT absorption, distribution, metabolism and excretion (ADME).
1.2.1 Absorption

Absorption of a drug is based on several factors including the physiochemical properties of the
molecule, formulation and route of administration. Orally administered drugs must be able to
survive gastrointestinal (Gl) pH and enzymes, and absorption of sh@ntities can be influenced
by presence of bile and mucus in the Gl tract, differences in pH in the lumina of the Gl tract and
blood perfusion amongst others (Blumer, 2011) Absorption of drugs administered via
intramuscular (IM) or subcutaneous (SC) injection may be impacted by the injection site, poor
solubility of salt forms orthe molecular mass of the compound. Drugs given intravenously enter
systemic circulation immediately and therefore do not have to cross other membranes (such as
for IM or SC drugs) or undergo metabolism prior to entering the systemic circulation, as for oyall

administered drugs(Bousseryet al., 2008)

1.2.2 Distribution

The distribution of a drug occurs once it enters the systemic circulation and can be transported
to bodily tissues. How easily a drug can penetrate a given tissue is usually a factor of blood flow,
tissue mass and partitioning between the blood and the tisue (Bousseryet al., 2008) The degree
of protein and tissue binding of the drug affects the unbound fraction in circulation. In the blood,
drug molecules are transported in solution (unbound) and reversibly bound to blood components

bl 1J FON IOLL ¢ Galdie glyBoprételh). Mnly the mbound fraction is available for penetration into
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the tissue or extravascular sites of drug action. Therefore, the unbound fraction of the drug is one
of the main factors determining drug concentration at the active site and consequently, the
efficacy (Kesteret al., 2012) The volume of distribution (V) can be used as a reference for the
predicted plasma concentration from a given doser drugs that are highly tissue bound will have
a higherVy and a lower plasma concentration due to less drug being present in the circulation,

conversely drugs that remain in the circulation have a lowy (Moiniet al., 2023)

1.2.3 Metabolism

Metabolism of a drug can occur via oxidation, reduction, conjugation or hydrolysis amongst
others, with the purpose of preparing the drug for excretion. Typically, drugs are metabolised in
the liver via enzymes in the cytochrome P450 (CYP) familioini et al., 2023) Metabolism

generally occurs in two phases:

Phase | reactions involve addition or removal of functional groups

Phase Il reactions involve conjugation with an endogenous compound (e.g. glucuronic acid)

Drugs may undergo either phase exclusively or botfRoss and Xu, 2021)Compounds that
undergo phase Il metabolism are more polar and therefore more easily excreted via the kidneys
and liver than those that are only metabolised via phase | reaction. Metabolism rate \es
betweenindividuals and is influenced by genetics, comorbidities (e.g. chronic liver disease) and

drug-drug interactions (DDIs) that can induce or inhibit drug metabolisnfissaet al., 2017)

1.2.4 Excretion

Excretion of drugs largely occurs in the kidneys, via glomerular filtration or active tubular
secretion (Bousseryet al., 2008) It is also possible for drugs to be excreted via the intestines,
saliva, sweat or breast milk, with the latter potentially affecting breastfeeding infants. Renal drug

excretion can be influenced by advancing age, and comorbidities (e.g. acute kidney
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injury)(Blumer, 2011) Renal excretion may also be enhanced in some cases, resulting in

subtherapeutic plasma drug concentrations.

1.2.5 Pharmacodynamics

Pharmacodynamics (PD) defines the relationship between the drug and the observed effects
within the body. For an antiviral candidate, this could be assessed by monitoring viral titres
vitro in conjunction with the concentration of drug applied to the cells to establish the biological
activity and potency of the drug. These data can be used to model the dosesponse relationship
which assists in the determination of a safe dosage range whenrgceeding to firstin-human

trials.

Therefore, PK and PD together are critical for our understanding of any new therapeutic
compound so that the appropriate dose is given for the desired physiological outcome, without

toxicity and unacceptable side effects.

This thesis therefore seeks to evaluate the intrinsic PK properties of intravenously dosed
favipiravir (FVP) in treating COVHR9 and its potential use in the treatment of HCIDs.
Additionally, it examines innovative sampling technologies (plasma separatiortards) which
have practical utility in remote field settings. This is of particular importance in the case of HCIDs,
which often require adaptable, but robust, sampling methods to overcome logistical and

resource constraints in outbreak locations.

1.3 SARSCoV-2

SARSCoV-2 is a member of theCoronaviridaefamily of viruses and is one of seven coronaviruses
that are known to infect humans (NL63, 229E, HKU1, OC43, SARSV and Middle East
respiratory syndrome coronavirus). SARE0V-2 belongs to the betacoronavirus genera that

includes other highly pathogent coronaviruses, SARSCoV and Middle Eastern respiratory
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syndrome coronavirus (MERSCoV). However, the betacoronaviruses also include less
pathogenic viruses that cause seasonal respiratory disease in humans, such as HKU1 and OC43

(Keshehet al., 2022)

SARSCoV-2 emerged in late 2019 in Wuhan, Hubei province, China with a small group of adults
presenting with pneumonia of then unidentified cause. The patients were traced to a live food
market where surveillance procedures were undertaken, eventually rexaing a virus with 70%
genome homology with SAR$C0oV-1 and 95% homology to bat coronavirugSiddiquiet al., 2022)
The virus spread rapidly, owing to Wuhan being a major transport hub and the outbreak
coinciding with Chinese New Year celebrations. The WHO declared the outbreak a pandemic on
11" March 2020, with many countries around the globe opting for interventions such as
lockdowns and social distancing to try to limit virus transmission in the absence of effective
therapeutics or vaccines. The precise spillover event and intermediate animdk yet to be
identified for SARSCoV-2, but genetic analysis indicates tke virus originated in bats before being
transmitted to other animals that were sold alive at food markets in Wuhan. Further analysis of
the early samples of SARE0V-2 unveiled two distinct SARSCoV-2 lineages, that were
distributed simultaneously from separate markets. It seems likely that the intermediary in the
case of SARSCoV-2 would be a small mammal, as palm civets were identified as the probable

intermediate animal following the 2003 outbreak of SAREo0V-1(Paganiet al., 2023)

1.3.1 Virus Genome and Structure

SARSCoV-2 virions are round or elliptic in shape with a diameter of between 66 140
nm(Cascella et al., 2024) Coronaviruses have the largest genomes among viruses, with the
SARSCoV-2 genome approximately 30,000 nucleotides in length(Naqvi et al., 2020) The
genome is single stranded, positive sense RNA, which acts as mRNA and can be directly
translated by host cell ribosomes. The virus also encodes an RNdependent RNA polymerase

(RdRp) thatproduces an antisense copy of the viral genome during viral replication that issed
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as a template for generating new sense copies of the viral genome to be packaged into nascent

viral particles.

The SARSCoV-2 genome encodes four structural proteins: envelope (E), nucleocapsid (N),
membrane (M) and spike glycoprotein (S) as well as 16 natructural proteins (NSPs) and
between 5 and 8 accessory proteins. These proteins are encoded by open readimrgmes (ORFs),
alongside ORF1a and ORF1b that encode the replicase and protease enzymes, respectively. This
mode of genomic organisation is common to coronaviruses, such that SARSoV-2 shares
approximately 89% sequence homology with other coronavirusegdlaqvi et al., 2020) A
frameshift mechanism between ORFla and ORF1b initiates the production of respective
polypeptides, ppla and pplab, which are cleaved into NSP I 16 by virallyencoded

chymotrypsin-like protease (3CIE™) (Cascellaet al., 2024)

The S glycoprotein forms homotrimers on the viral surface and undergoes cleavage to facilitate
entry of the virus into host cells. N protein is bound to the viral RNA and is involved in viral
replication and cellular response of host cell to the viral infetion (Astuti and Ysrafil, 2020Wwhile

M protein forms the viral membrane and acts with E protein to form the viral envelope.

The pathogenesis of SARE0V-2 is directly related to the function of both structural and non
structural proteins. Surface glycoprotein (S) located on the virion surface undergoes cleavage to
form an amino (Njterminal S1 subunit. This S1 subunit is formedf the receptor binding domain
(RBD) and Nterminal domain (NTD) that enable viral entry into host cells. S protein also contains
a carboxyl (Cyterminal S2 subunit comprised of the fusion peptide transmembrane domain and
the cytoplasmic domain which promote fusion of the virion to the cell. The RBD is an essential
protein domain and denotes the binding site for the host cell, human angiotenstoonverting
enzyme 2 (ACEZ2) receptors. These receptors are found at multiple sites throughout the body,

including the respiratory epithelium, the upper oesophagus, enterocytes in the ileum,
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myocardial cells, proximal tubular cells in the kidneys and urothelial cells in the bladder

(Cascellaet al., 2024)

1.3.2 Replication

Once inside the respiratory tract, S protein RBD interacts with the ACE2 receptor on host cells,
which induces a conformational change that is required to complete infection of the cell (Figure
1.3.2-1). Initial attachment of the virus to the host cell igollowed by priming of the S2 subunit by
host transmembrane serine protease 2 (TMPRSS2), which facilitates entry of the virus into the
cell and release of the viral genome into the cellular cytoplasm. ORFla and ORF1b are
immediately translated into ppla ard pplab, which are then cleaved by virugncoded proteases
into NSP 3, 4 and 6 that form the viral replicatiotranscription complex. Viral polymerase
transcribes a set of subgenomic messenger RNAs (sg mRNA) that are translated into the
structural proteins as well as antisense RNA to act as a template for production of genomic RNA.
The S, E and M proteins are translated in the endoplasmic reticulum and inserted into the viral
envelope forming at the endoplasmic reticulumGolgi intermediate compartment. Nuclkeocapsid
protein forms a complex with the nascent viral RNA prior to being assembled into mature virions
inside Golgi vesicles that are released from cells by exocytosi®/'Kovskiet al., 2021; Pizzatoet

al., 2022)
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SARSCoV-2 Replication Cycle
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1.3.3 Natural History

After its emergence, and in the absence of any immunity amongst the population, SAR®V-2
quickly spread around the world (Figure 1.33). Its spread was aided by the celebration of Lunar
New Year in China, with millions travelling out of Wuhan to theitometowns prior to travel bans

being enforced on 23 January 202QChenet al., 2020b)

In order to establish an infection, SARE0V-2 enters cells via binding of the spike protein on the

viral capsid to the ACE2 receptor on cells in the respiratory tract. Inside the cell, the virus utilises
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the host cell machinery to replicate itself and sustain the infection. There are five sequential

stages of SARSCoV-2 infection, each with distinct features and biomarkers:

o Early infection: elevated viral load and spike (S) antigen can be detected in serum

0 Pulmonary: Xrays and/or computed tomography (CT) scan indicates opacities in the
chest

o Thrombosis: elevated Ddimer, von Willebrand factor (VWF) and fibrinogen

0 Hyperinflammatory: elevated cytokines including IL6, IL-17 and interferon gamma
(IFN" b

o Convalescence: recovery or potential for long COVID symptoms

In the early infection stage, the majority of individuals are asymptomatic during the incubation
period (median 5.1 days) and either remain asymptomatic or develop mild influendike illness,
which subsides within approximately 14 dayfliang et al., 2024) At this stage, the typical
symptoms observed are fever, cough and loss of sense of taste and/or smell. During the
pulmonary phase, symptoms may become more pneumonidike with shortness of breath and
lung inflammation, which may be evident via chest imging. As the infection progresses in
acutely unwell COVIDB19 patients, endothelial dysfunction can trigger vascular events such as
venous thromboembolism, intravascular thrombosis and microthrombosis/embolism (Lianget
al., 2024) In advanced SARE0V-2 infection, patients may reach the hypefinflammatory stage,
during which a cytokine storm occurs leading to widespread inflammation and the possibility of
acute respiratory distress syndrome, sepsis and multorgan failure. Finally during the
convalescent stage, acute symptoms abate, and virus is gradually cleared by the immune
system. However, a substantial number of individuals experience symptoms at least 2 months
following the initial onset of COVID19 that cannot be explainedby other diagnoses. This is

defined as longCOVID.

22



To manage SARE0V-2 variants throughout the pandemic, three terms have been used to
describe the potential public health impacts of observed mutations (Table 1.3-3). Variants
under monitoring (VUM) are SARS0V-2 variants with genetic differences suspeted of affecting
viral characteristics compared to established variants, but the epidemiological impact is
unclear. Variants of interest (VOIs) are those with mutations predicted or known to affect
transmissibility, virulence, susceptibility etc., providing a growth advantage over other
circulating variants in multiple WHO regions plus increasing prevalence and potential risk to
public health. Variants of concern (VOCSs) are those that meet the above criteria and also have
one of: increased disease severity,significant impact on health systems and requiring
considerable public health intervention or marked decrease in vaccine efficacy in reducing

severe diseas WHO, 2023a)

SARSCoV-2 Variants

VOC Lineage  First Notable Mutations Source
detected

Alpha B.1.1.7 September N501Y increased binding affinity for ECDC
2020 ACE2

Beta B.1.351 December K417N, E484K, N501Y increased ECDC
2020 binding affinity for ACE2

Gamma P.1 December L18F, K417N, F484K ECDC
2020

Delta B.1.617.2 December T19R (G142D%*), 156del, 157del, ECDC
2020 R158G, L452R, T478K, D614G, P681!

D950N

Omicron BA.1 November K417N, E484A increased likelihood of ECDC

2021 vaccine breakthrough
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Omicron JN.1.18  November JN.1 descendent with S:R346T WHO
2023
Omicron KP.2 January 2024 JN.1 descendent with S:R346T, WHO
S:F456L, S:V1104L
Omicron KP.3 February JN.1 descendent with S:F456L, WHO
2024 S:Q493E, S:V1104L
Omicron LB.1 February JN.1 descendent with S:S34, WHO
2024 S:Q183H, S:R346T, S:F456L
Omicron KP.3.1.1 March 2024  KP.3 descendent with S:S31 WHO
Omicron XEC May 2024 JN.1 descendent with S:T22N, S:F59¢
S:F456L, S:Q493E, S:V1104L

Omicron BA.2.86  July 2023 Spike: 1332V, D339H, R403K, V445H, ECDC

G446S, N450D, L452W, N481K,

483del, E484K, FA86P

Omicron JN.1 August 2023  BA.2.86 + S:L455S WHO

Table 1.3.31 List of SARSCoV-2 variants by type. NB: currently there are no VOCs, all have been

downgraded due to low prevalence. VUMs and VOlIs correct as of January 208840 uiWorld Health
Organization, ECDQuEuropean Centre for Disease ControlVUMuvariant under monitoring, VOQu

variant of concern, VOlwariant of interest

During 2020, there were three VOCsAlpha, Beta and Deltar circulating around the globe.As a
result of continued viral evolution, Omicron quickly became the dominant circulating variant
following its emergence in November2021, withall other VUMs and VOIs thereafter of Omicron

origins (Figure 1.3.31). Omicron SARSCoV-2 has 32 amino acid changes within the spike protein
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that confer a significant growth advantage (greater transmissibility and infectivity) over the
preceding dominant variant, Delta. The major concern remains that a variant may emerge that is
more virulent and more transmissible than any of its predecessorsyia treatment resistance or

immune evasion.

L
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Spread of SARSCoV-2 Variants Over Time
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Figurel1.3.3-1 Maps of the spread of SARE0V-2 with wildtype/early variants (top) and Omicron only

variants (bottom) indicated by date first detected. Maps generated using GISAID.org.
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1.3.4 Clinical Manifestations

SARSCoV-2 affects a range of organ systems within the body due to the widespread presence of
the ACE2 receptor. The primary target is the respiratory system, but the virus has also been found
to influence the Gl tract, the hepatobiliary system, the renasystem, cardiovascular system and
the central nervous system (CNSjHeet al., 2022; Pattanaiket al., 2023; Shih and Misdraji, 2023;
YugarToledo et al., 2023) The median incubation period from acquisition of the virus to
presence of symptoms is approximately 5 days, with most individuals developing symptoms
within 14 days(Galmiche et al., 2023) The disease course is variable with asymptomatic forms
to severe clinical illness with multiple organ failure; up to a third of individuals remain
asymptomatic. For the majority of symptomatic patients, SARE0V-2 symptoms are flulike and
comprise some or all of: fever, cough, shortness of breath, sore throat, loss of sense of smell,
dysgeusia, loss of appetite, malaise, myalgia, nausea and diarrhoe@a Rosa Mesquitaet al.,

2021; Luoet al., 2022)

The United States National Institutes of Health (NIH) categorise COWI® into five disease types

(NIH, 2024a)

0 Asymptomatic/pre-symptomatic: positive polymerase chain reaction (PCR) test for
SARSCov-2 but lack of clinical symptoms consistent with COVIB19
o Mild iliness: any combination of the following, fever, malaise, headache, cough, sore
throat, myalgia, nausea, vomiting, diarrhoea, anosmia, dysgeusia without shortness of
breath or abnormal chest imaging
0 Moderate illness: clinical symptoms as above or chest imaging with evidence of lower
respiratory tract disease, oxygen saturation (SpQy LUIGMNE Ws Rqé Ye qWY ! N0 WY e
0 Severe illness:Sp0,<94% without oxygen support, Pa@FiO, < 300mmHg, respiration

rate greater than 30 breaths per minute or lung infiltrates > 50%
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o Ciritical illness: development of acute respiratory distress syndrome (ARDS), acute
respiratory failure, septic shock, multiple organ dysfunction T tends to occur

approximately 7 days after the onset of symptoms.

ARDS is distinguished by the new onset of severe respiratory failure or worsening of-poasting
respiratory issues. Diagnosis of ARDS is determined by the ratio of partial pressure of arterial
oxygen to the fraction of inspired oxygen (PafF-iO,), presence of bilateral opacities on chest

imaging, ventilation requirements and evidence of lung collapse.

There are also several extrapulmonary manifestations resulting from SARSV-2 infection.
Acute kidney injury (AKI) is common and is associated with an increased risk of requiring renal
replacement therapy and mortality. Cardiac symptoms are well recognise including ischaemia
and myocardial infarction with patients exhibiting cardiac symptoms more likely to experience
arrhythmias as well as a higher likelihood of requiring mechanical ventilation and admission to
intensive care units (CU). Alongside this,haematological signs are noted, with lymphocytopenia
frequently observed in laboratory testing of blood collected from patients with SARSoV-2
infection (Palladino, 2021) GI symptoms are seen in approximately 2040% of patients but are
rarely severe(Tariget al., 2020; AIMomani et al., 2023)while elevated liver enzymes (alanine
transaminase; ALT and aspartate transaminase; AST) have been observed in patients with-pre
existing hepatic dysfunction (Clark et al., 2021; Lucaet al., 2023) Patients with underlying
endocrinologic disorders are at high risk for severe illness; abnormal blood glucose levels and
diabetic ketoacidosis occur in hospitalised patients with COVIB19(Shekharet al., 2020; Banull

et al., 2022)

Post-acute sequelae (also known as long COVID) of SAR®V-2 infection have been
documented with incidence of approximately 10%, but as high as 70% in individuals hospitalised
with COVID19 (Daviset al., 2023) The term has been used to describe the presence of a variety

of symptoms in the weeks or months following SARE0V-2 infection (Raveendranet al., 2021)
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The reported symptoms of long COVID are wide ranging, encompassing multiple organ systems.
Commonly reported disorders following SARSC0oV-2 infection include cardiovascular disease,
type 2 diabetes mellitus, myalgic encephalomyelitis (ME)/chronic fatigue yyndrome (CFS) and
postural orthostatic tachycardia syndrome (POTS). Individuals are generally defined as having
long COVID when the presence of one or more symptoms persists beyond the expected clinical
recovery periodRaveendraret al., 2021) Many of the individuals with these sequelae are unable

to return to work and there is currently no effective treatment for long COVIi[Daviset al., 2023)

1.3.5 Diagnosis

Infection with SARSCoV-2 is generally diagnosed using molecular techniques, such as PCR. The
standard test requires a nasopharyngeal swab, which is tested for SARSV-2 RNA using real
time PCR. There are several protocols in use that utilise different primers from various regsof
the SARSCoV-2 genome. Some assays are singleplex such as the Berlin and China protocols
which utilise envelope/RdRp and nucleoprotein/ORF1b primers, respectivelyCorman et al.,
2020). Other PCR protocols employ multiple gene targets such as the commercially available
DAAN gene® triplex test (nucleoprotein, ORFl1ab plus internal control) and the Institut Pasteur

Paris (IPP) triplex test (NSP9, NSP12 plus internal contr@@douraet al., 2022)

Serological testing may also be used for surveillance purposes and to diagnose previous
infection, however such tests are significantly limited in both sensitivity and specificity when
compared to PCR testingCascella et al., 2024)and the rush to manufacture serology tests for
COVID19 led to an influx of poor quality products on the marké¥Vestet al., 2021) Despite this,
antigen tests were used widely during the pandemic. Lateral flow devices (LFDs) were developed
that targeted either N protein (e.g. COVIEVIRO® Antigen Rapid Test, AAZ, France), S protein
(SARSCoV-2 Spike Colloidal Gold Chromatographic Asay, RBiopharm, Germany) or both
(Humasis OneStep COVIEL9 Ag Test, Humasis, South Kore@}ourgeonet al., 2022) Early in the

pandemic, LFDs became especially useful for key workers who benefitted from the quick
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processing time (approximately 30 minutes) compared to PCR testing (days). This meant that

decisions to isolate were made more rapidly, disrupting onward transmission chains. Over time

with multiple brands of LFD available and relative low cost, antigen &ing was available to the

majority of the general public. Athome testing within 30 minutes enabled individuals to make

RUNY!I @07 WHEYRAWt WYUWRt YaeqRYOWEUT WGl Y2RT T Wi e

lockdown rules were lifted.

A full blood count may also be used alongside a comprehensive metabolic panel test to
determine blood markers, renal and liver function for hospitalised patients as a marker of extra

pulmonary effects of SARSCoV-2 infection (Cascellaet al., 2024)

1.4 Treatment

At the beginning of the pandemic, due to the emerging nature of SARR®V-2, understanding of
COVID19 and how to treat and manage patients was limited. The mortality rate initially appeared
relatively high, and there was urgent need to mitigate the impaaif SARSCoV-2 on the global
population. Typically, clinical trials for new drug entities can take years before approval and
release to market, therefore repurposing of already approved therapeutics was considered as
the fastest means of discovering an apmpriate treatment for COVID19. As a result, several

antiviral drug candidates were placed under consideration.

1.4.1 Remdesivir

Remdesivir (RDV) is a nucleotide prodrug initially developed for the treatment of EVD. RDV
undergoes intracellular phosphorylation to the active RDMriphosphate that inhibits the action

of viral RdRp. Theén vitro activity of RDV against highly pathogenic CoVs, SAR®V and MERS
CoV, was previously established in 2017Sheahanet al., 2017)and experiments early in 2020
confirmed inhibition of SARSCoV-2 replication by RDVin vitro (Wang et al., 2020b). Early

compassionate use of RDV in hospitalised patients with COVHR9 appeared to indicate some
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benefit with clinical improvement seen in a majority of patients dosed with intravenous (IV)
RD\M{Grein et al., 2020) Further randomised, placebcecontrolled trials reinforced this initial
evidence, with the ACTAL trial (n = 1062; 541 randomised to receive RDV) demonstrating
shortened time to recovery compared to placebo in adulparticipants hospitalised with COVID

19 and the SIMPLEevere trial (n = 584; 384 receiving RDV) noting improved clinical outcomes in
hospitalised participants receiving RDV for either 5 or 10 dayBeigelet al., 2020; Goldmaret al.,
2020; Blair, 2023) Based on the results of these trials, RDV was granted emergency use approval
in the United States with other regions following shortly after. The use of RDV is indicated for
hospitalised patients with COVIB19 and outpatients who are at increased risk gbrogression to

severe disease and therefore hospitalisatior(Blair, 2023)

1.4.2 Lopinavir/ritonavir

Lopinavir/ritonavir (LPV/r) was originally approved in the year 2000 for the treatment of human
immunodeficiency virus (HIV) infection. Both are viral protease inhibitors, with ritonavir inhibition
of the CYR3A4 isoform boosting the LPV plasma halife(Zhanget al., 2020) The activity of LPV/r
against CoVs was established during the 2003 SARS epidemic, whemnevitro activity was noted
alongside favourable evidence for use of LPV/r when administered with ribavirin (RBV) to patients
with severe acute respiratory syndrome (SARSChu et al., 2004) Later, LPV/r was also
demonstrated to have antiviral activity when administered as part of a triple therapy regimen
(with RBV and interferomalpha) to patients with MER$im et al., 2016) Despite this, trials
investigating LPV/r for treatment of COVIEL9 have beemegative, despite the supratherapeutic
doses used An early trial conducted in China (nh = 199) observed no clinical benefit of LPV/r in
patients admitted to hospital with COVID19. However, a retrospective study, also in China,
noted improved chest imaging in patients who received LPV/r monotherap¥Cao et al., 2020;
Deng et al, 2020) These early trials involved smallparticipant numbers and lacked

randomisation and placebo controls, therefore LPV/r remained under consideration.
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Randomised controlled trials (RCTs)largely did not support the use of LPV/r for treatment of

COVID19. The WHO SOLIDARITY trial (n = 14,221; 1414 LPV) initially included LPV as a treatment

option but was eventually stopped due to futility(Consortium, 2022) Similarly, the Ukbased

RECOVERY trial (n = 1616) observed that LPV/r did not reduced28 mortality, the duration of

stay in hospital, orparticipantt kK Wl Rt t WY n WG| Y NI 1JGlodpY2020)aFviadlly, the2 131 13 WT F
TREATNOW trial reported that compared to placebo, LPV/r had no benefit in time to symptom

resolution or reduction in hospital admissions in norhospitalised participants with COVID19

(Kaizeret al., 2023)

1.4.3 Molnupiravir (EIDB2801)

~YiU2aGRI ¢2RI Wb~Aépb WRt WeWUeHGWIYt RT JW ¢ UD-EYNa JW Gl
hydroxycytidine (EIDD1931), which was originally identified for its antinfluenza A virus and ant
respiratory syncytial virus (RSV) properties. MPV has better oral bioavailability compared to
EIDD1931 and its antiviral activity against SAREoV-2 was demonstrated early in the
pandemic, favouring the move to investigate the drug via clinical trials; sever®CTs were
conducted as a result. The MOV@OUT study (n = 1,433) investigated MPV (800mg, twice daily;
BD) given to unvaccinated outpatients with labratory confirmed COVID19 with risk of
developing severe disease. The trial concluded that early treatment reduced risk of
hospitalisation in the study group(Jayk Bernakt al., 2022) Similarly, the AGILE CSZ trial (n =
180) found participants in the treatment group had moderately faster time to negative PCR than
the placebo group (8 days vs 11 days) and included both vaccinated and unvaccinated
participants, as well as a range of BRSCoV-2 variants(Khooet al., 2023) However, in the large
PANORAMIC study (n = 26,411; 12,821 MPV) it was noted that MPV did not reduce frequency of
hospitalisation or death in highrisk vaccinated participants but viral load reductions were

significantly faster in the MPV armButler et al., 2023) Further RCTs conducted in China found
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that MPV offered significant clinical improvement and shortened time to negative PQRouet al.,

2022).

Despite mixed evidence, both the US Food and Drug Administration (FDA) and UK Medicines and
Healthcare products Regulatory Agency (MHRA) approved MPV for emergency use/conditional
use for patients with mild-to-moderate COVID19 and who are at risk of deveping severe
disease and therefore hospitalisation(FDA, 2021; MHRA, 2021There have been some concerns
regarding the use of MPV and the potential for onward transmission of MfPhutated SARSCoV-

2 if patients receiving MPV therapy do not fully clear the virus upon completion of treatment.
Indeed, MPVderived SARSCoV-2 lineages and subsequent transmission of such lineages has
been documented since the introduction of MPV as therapy for COViD9 (Sandersonet al.,
2023). This effect seems particularly notable in immunocompromised patients treated with MPV,
where large numbers of mutations in the viral genome were found to rapidly accumulate, with
some persisting in the viral population. This presents a problem in accelating evolution of the
virus, with potential to generate new viral variants with resistance associated mutations

(RAMsJFountain-Joneset al., 2022)

1.4.4 Nitazoxanide

Nitazoxanide (NTZ) is an{parasitic drug, approved by the FDA and prescribed for the treatment

of cryptosporidiosis and giardiasis(Walkeret al., 2022) NTZ and its metabolite, tizoxanide, have

reported antiviral activity, with clinical studies taking place to evaluate the use of NTZ in the

treatment of influenza (Haffizulla et al., 2014Y0OlLf q WRt Wl WGY! qUT Wqé6¢ q NGkt
through inhibition of host enzymes, preventing postranslational processing of viral proteins
(Aboul-Fotouh et al., 2023) An early proofof-concept trial (n = 50) indicated superiority of NTZ

dosed at 600 mg BOwhen compared to placebo, with better clinical and virological outcomes in
participants receiving NTZBlum et al., 2021) A larger RCT, investigating NTZ 500 mg thrice daily

(t.i.d.) observed no difference between treatment and placebo groups in terms of symptom
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resolution. However, reduction in viral load was significant in the NTZ group compared to placebo
(55 % vs 45 %; p=0.00@Roccoet al., 2021) However, a RCT conducted by the same researchers
for NTZ treatment of hospitalisedparticipants requiring supplemental oxygen therapy did not
establish a benefit for thisparticipant group. NTZ treatment (500 mgt.i.d.), when compared to
placebo did not prevent admission to thelCU for patients in hospital with COVID19 associated
pneumonia (Roccoet al., 2022) A US RCT of outpatients with laboratorgonfirmed SARSCoV-2
reported evidence that early treatment with NTZ (600 mg, BD) could reduce progression to severe
illness in hightrisk participants and lower the time to a lasting clinical response ifparticipants

with milder illness (Rossignolet al., 2022)
1.4.5 Nirmatrelvir/ritonavir (Paxlovidt)

Nirmatrelvir (NMV) is a protease inhibitor that acts to inhibit SARGoV-2 3CLP®, thereby
inhibiting cleavage of ppla and pplafOwenet al., 2021) An accelerated phase | randomised,
double-blind, placebo-controlled study reported the safety, tolerability and PK of NMV with and
without RTV boosting. NMV exposure and halife were substantially increased by concomitant
dosing with RTV, via inhibitio of the CYP3A4 metabolic pathway. As a result, a regimen of 300
mg NMV in combination with 100 mg RTV (Paxlo¥)dadministered twice daily for 5 days was
selected for phase Il/lll clinical trials in participants with COVID19(Singh et al., 2022)
Subsequent phase I/l trials, such as the EPIEIR study, demonstrated that treatment of
symptomatic COVID-19 with Paxlovid resulted in 89% lower risk of progression to severe
disease compared to placebo (Hammond et al., 2022) Further large studies following the
emergence of Omicron strain variants indicated that Paxloviél remained effective despite the
increasing number of SARSCoV-2 variants and subvariants (Aggarwalet al., 2023) However, it
is possible that as selection pressure remains on the virus as a result of continued use of
therapeutics, mutations may occur in 3CIP™ that reduce the effectiveness of Paxlovid. The

utility of Paxlovid¢ should also be carefully considered regarding the inhibitory effect of RTV on
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CYP3A4 and potential for DDIs when administered to patients taking a variety of other
medications including antiarrhythmics, anti-cancer agents, immunosuppressantsand systemic
corticosteroids amongst others. This may be of particular importance due to the fact that
patients at higher risk for severe COVIH19 are those with chronic comorbidities, cancer,
cardiovascular disease (including hypertension) and kidney failuréMartono et al., 2023)and
therefore those at higher risk with more to benefit from Paxlovidtherapy, are also more likely to
experience DDIs between existing medications and RTV. Recently, there have been concerns
raised regarding the effectiveness of Paxlovitlin reducing risk of long COVID and the high rate of
viral rebound following treatment. Since its approval for use, there have been a number of reports
of patients re-developing COVID19 symptoms following cessation of Paxlovid therapy
(Charnesset al., 2022; Boucauet al., 2023; Carlinet al., 2023) Notably, resistance mutations
were not observed in these cases. The precise mechanism by which viral rebound occurs in

patients treated with Paxlovidt is not yet understood.

1.4.6 COVID19 Treatment Guidelinesr December 2024

The WHO strongly recommends use of Paxlowdfor individuals at high risk of progression to
severe COVIDB19 and admission to hospital. In the absence of Paxlowd the WHO recommends
use of either MPV or RDV. For individuals with moderate risk of hospitalisation, MPV and RDV are
not recommended. No antivirals are recommended for those with low risk of developing severe

COVID19 and hospitalisation(WHO, 2023b)

In the UK, the National Institute for Health and Care Excellence (NICE) suggests Paxlgviday

be used for adult patients without need for supplemental oxygen therapy and with an increased

risk of progression to severe COVI9: ¢ DI WX WTMW! ¢l + AWHYT ! W®et + WROT
diabetes or heart failure (NICE, 2021) MPV has conditional recommendations, for potential

benefit of 5-day therapy for patients commencing treatment within 5 days of symptom onset,

without supplemental oxygen therapy and at high risk of disease progression. MPV is
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contraindicated for those under 18 years old and pregnant women. RDV is indicated in a similar
way, with consideration of a 3day dosing schedule for children and young people weighing > 40
kg and adults who are commencing treatment within 7 days of sympto onset and thought to be
at high risk of developing severe COVHD9. RDV is not recommended for hospitalised COVHR9

patients receiving supplemental oxygen therapyNICE, 2021)

In the US, The NIH recommends for the use of Paxlo#idnd RDV in norhospitalised patients
with mild-moderate COVID19 at high risk of progression to severe disease and hospitalisation
but recommends against the use of Paxlovidin patients with mild-to-moderate COVID19 with
low risk of progression to severe disease and hospitalised patients. MPV is recommended for
patients with mild COVID19 with the highest risk of hospitalisation and where the preferred
therapies (Paxlovidd and RDV) are not availableRDV is the only direct antiviral therapeutic

recommended by the NIH for patients already hospitalised with COVH29 (NIH, 2024b)

Although three drugs are currently recommended in the treatment of COVID9, further
therapeutics continue to be evaluated. One such compound, favipiravir (FVP), has been the
source of much debate with evidence both for and against its use in the treatment SARSCoV-

2 infection.

1.5 Favipiravir

Favipiravir (FVPFujiflm Toyama Medical Co Ltd.) was approved for use against novel or-re
emerging strains of influenza virus in 2014 in JapgdRMDA, 2014and sold under the brand name
Avigan®. The approved formulation was a 200 mg tablet, with a recommended dose of 1600 mg
BD on Day 1 followed by 600 mg Bitom Day 2 to Day 5. The mechanism of action of FVP makes
it a potential therapeutic for treatment of several RNA viruses, and it has been tested for activity
against a range of RNA viruses, including viral haemorrhagic fevers (e.g. Lass&HF, EVD) and

SARSCoV-2.

36



1.5.1 Mechanism of Action

Initial experiments demonstrated that FVP is a prodrug, that is metabolised intracellularly to the
active form, FVPribofuranosyl-P +#riphosphate (FRTP), by cellular kinases. Viral polymerase
misidentifies -RTP as a natural nucleotide, whilst host cell enzymes are able to differentiate
FVP, FRTP and the intermediate FVPribofuranosyl-P 4#monophosphate (FRMP), from natural
nucleotides. This makes FVP a selective inhibitor of the viral polymerase and is postulated to be
the reason for lower toxicity withFVP compared to similar drugs, such as ribavirin (RB¥uruta

et al., 2005)

The precise mechanism of action is still unclear and appears to be dependent on the viral agent
being studied. Two main modes of action are thought to occur. The first is incorporation ofRFTP
into the nascent RNA chain, leading to chain termination ancherefore inhibiting viral replication.
The second is induction of lethal mutagenesis by increased frequency of guanosine-
adenosine mutations in the viral RNAHayden and Shindo, 2019)High rates of mutation in the
genome leads to loss of function (e.g. infectivity) or the production of nemiable virions(Paviova

et al., 2021; Zhao and Zhong, 2021FVP achieves both by acting as a substrate for viral RdRp,
which is well conserved among RNA virus families, making FVP an ideal drug for use against

viruses with RNA genomes.

1.5.2 Pharmacokinetics

When administered orally, FVP has high bioavailability of 97.6% and pecéinical studies in
animals indicated little difference in FVP exposure in mice receiving either oral 8f FVP(PMDA,
2014). FVP is approximately 54% bound to plasma proteins, of which 65% is serum albumin and
T [OP E LW -Rdid Lglycdprotein (PMDA, 2014; Hayden and Shindo, 2019FVP is primarily
metabolised via aldehyde oxidase (AO) to the pharmacologically inactive hydroxy metabolite

(FVP M1), which is excreted predominantly via the kidneys in the urifidadelain et al., 2016)

37



Reported Gnax for the approved dosing regimen (1600 mBD loading dose followed by 600 mg
BD) is 59430 ng/mL on Day 1 and 61500 ng/mL at steady stéidadelainet al., 2016) However,
during drug development, trials on healthy US participants revealed up to 50% lower plasma FVP
concentrations than healthy Japanese participant$PMDA, 2014)FVP has very shortkand ti;

of approximately 2 h and 5 h, respectivelyMadelainet al., 2016) It is postulated that the active
intracellular metabolite, F-RTP, would have an extended halife compared to FVP as is the case
for other nucleoside analogs (e.g. TFV vs. TIBP)(Andersonet al., 2018) However, data on F

RTPPKis lacking.

1.5.3 InfluenzaViruses

During drug development, FVP demonstrated activity against all influenza subtypes from strains
A, B and C. This included subtypes that were resistant to heuraminidase and M2 ion channel
inhibitors and synergistic effects were seen when FVP was given alongs oseltamivir to mice
infected with the highly pathogenic influenza virus strains, H5N1, H3N2 and H1NEurutaet al.,
2017). Clinical trials investigating FVP for the treatment of acute influenza without complications
found FVP to be well tolerated with notable reduction in viral titres compared to placebo.
However, even with the clear virologic response, FVP did not appear tdleviate clinical
symptoms of influenza infection (Haydenet al., 2022) One clinical trial assessing the licensed
FVP dose (1600 mg BbBn day 1 followed by 600 mg BD for up to 10 days) and a higher FVP dose
(1800/800 mg BD) reported that both dosing regimens failed to reach the targeted plasma trough
concentration (Cyougn) 0f 5 20 pg/mL when used for the treatment of uncomplicated influenza

(Wanget al., 2020d)
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1.5.4 EbolaVirus Disease

Despite the high mortality rates resulting from Ebola virus (EBOV) infection, a universal treatment
is yet to be realised. The severity of the 20142016 outbreak in subSaharan Africa reignited the
search for an effective treatment for EVD and FVP wasdtially shown to be effective at reducing
viremia and lethal outcomes in mice infected with wildtype Zaire 1976 EBOYOestereichet al.,
2014a). The WHO launched a fastrack process to identify treatments for EBOV to control the
continued spread of EVD throughout West Africa. FVP was the sole drug candidate to meet all
three criteria set by the WHO: existing safety data in humansn vivo efficacy demonstrated
against EBOV and robust drug suppl{Sissokoet al., 2016) The subsequent JIKI clinical trial
established that whilst FVP was well tolerated iparticipants with EVD, the antviral efficacy was
limited, especially in participants with very high viral load. It is posited that this could have been
due to suboptimal dosing resulting in plasma FVP concentrations below the targeted half
maximal effective concentration (EGo)(Sissokoet al., 2016; Nguyenet al., 2017; Guedjet al.,
2018). Studies in norhuman primates indicate that higher doses of FVP could improve clinical

outcomes and survival in patients infected with EBOYGuedjet al., 2018)

1.5.5 LassaFeverVirus

Lassa fever is a viral haemorrhagic fever endemic to West Africa. The natural host for Lassa fever
virus is the rat speciesMastomys natalensis the virus is spread to humans via contact with the

rats, their excrement or consumption of rat meaf{Richmond and Baglole, 2003)

RBYV is currently used for the treatment of Lassa fever, but toxic side effects exclude RBV use for
infection prevention or during the early stages of infection. FVP has demonstrated greater
efficacy than RBV in several animal models. Two patients with Las$ever were treated with both
FVP and RBV and madecomplete recovery. However, it was inconclusive whether the observed

effects were due to the combined therapy or normal course of viral infection. The utility of FVP
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and RBV in combination for the treatment of Lassa fever requires further clinical investigation
(Raabeet al., 2017) The SAFARI trial (NCT049076B8 a phase IIRCT(n = 40), evaluating the
safety, tolerability and PK of FVP compared to RBV for treatment of Lassa fe(@rogeret al.,

2023).

1.5.6 Crimean-Congo Haemorrhagic Fever Virus

CCHeFis a tick-borne haemorrhagic fever endemic to Africa, Asia, Eastern Europe and the Middle
East (Appannanavar and Mishra, 2011)Morbidity and mortality from CCHF virus are high in
humans and there is currently no approved vaccine or antiviral treatmerfipihet al., 2023) FVP
has demonstrated significant benefit in protecting both immune competent and type | interferon
deficient mice from clinical disease and death, indicating the potential utility of FVP for treatment
of CCHF in humans(Oestereich et al., 2014b; Hawmanet al., 2018; Tipihet al., 2023) A case
report of a 65year-old in Turkiyeco-infected with SARSCoV-2 and CCHF virus and treated with
FVP noted resolution of clinical symptoms and normalisation of laboratory test findings after 5
days of therapy(Dulgeret al., 2020) The UMITL trial (NCT05940545) is a randomised phasié
clinical trial investigating IV FVP with and without combination RBV therapy for the treatment of

CCHF(LSTM, 2023)

1.5.7 Experimental Evidence forOther Viral Infections

Experimental evidence has shown that FVP induces increased rates of mutation and reduces
infectivity and overall fitness of murine norovirus and therefore potentially has applications for
treating human norovirus infection(Ariaset al., 2014) There is sparse evidence to suggest that
the antiviral effects of FVP apply to human norovirus infection. One report of a single
immunocompromised patient with chronic norovirus and complex comorbidities documented
some symptomatic improvements and seledive pressure on the norovirus population within the

host (Ruis et al., 2018) Treatment of four immunocompromised patients with persistent
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norovirus infection with FVP and NTZ led to clinical improvement and accumulation of FVP
induced mutations in the viral genome, although complete clearance of norovirus was not
achieved (Kreinset al., 2024) However, treatment of a kidney transplant patient with FVP for
chronic norovirus infection did not lead to an improvement inGl symptoms (Darres et al.,

2024).Therefore, further investigation is needed to establish efficacy of FVP in treating norovirus

infection.

There are some indications that FVP may be beneficial in the treatment of Rabies virus infection,
particularly as post-exposure prophylaxis (PEP) where rabies immunoglobulin (RIG) is in short
supply. Use of FVP in combination with rabies vaccine preventedeath in mice infected with
Rabies virus, including those with CNS involvement, suggesting that FVP plus Rabies vaccine
may be a viable alternative to RIG in preventing fatal outcomg¥imitsuki et al., 2023) Mice
infected with Rabies virus and treated with FVP at a dose of 300 mg/kg for 7 days had reduced
viral positivity in the brain and improved survivalYamadaet al., 2016) This evidence indicates

that FVP should be further investigated for Rabies PEP.

Severe fever with thrombocytopeniasyndrome SFTS) is a zoonotic disease, carried by ticks,
which causes high fever,GI symptoms, and symptoms consistent with other haemorrhagic
fevers. The casefatality rate is high (approximately 20%) and therapeutic options are limited
(Taniet al., 2016; Seoet al., 2021) A nonrandomised, uncontrolled trial of 23 participants
receiving FVP for the treatment of SFTS indicated that FVP may be an effective therapeutic option.
However, further study is needed with a larger sample size and comparative study design to

confirm the therapeutic benefit of FVP for SFT&Guemoriet al., 2021)

1.5.8 SARSCoV-2

Due to its demonstrated broad spectrum antiviral activity, FVP was quickly identified as a
potential therapeutic agent for SARSCoV-2. Since early 2020 there have been several case

reports, observational studies and RCTdnvestigating the use of FVP for treatment of COVADO.
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Earlyin vitro experiments in Vero E6 cells indicated that high concentrations of FVP would be
needed to effectively suppress SARE0V-2 replication, with reported EG, of 61.88 uM (~9.7
pg/mL) (Wang et al., 2020b) Early clinical reports from China suggested that treatment of
hospitalised patients testing positive for COVID19 with FVP (1600 mg B®ading dose followed
by 600 mg BD}ould lead to improvements in chest imaging, faster viral clearance and time to
defervescence (Cai et al.,, 2020; Chenet al., 2021) Further in vitro experiments produced
conflicting information with one report documenting EG, > 500 uM and therefore no antiviral
effect of FVP on SARE&o0V-2 and other articles demonstrating increases in FVihduced
mutations in the SARSCoV-2 genome, reduction in viral RNA copy number, infectious particle
yield and decreased cytopathic effect fran SARSCoV-2 infection (Jeonet al., 2020; Shannoret
al., 2020) Further RCTs throughout the pandemic used higher dose FVP (1800 mg BD loading
dose followed by 800 mg BD for up to 14 days) to increase plasma levels of FVP and therefore
intracellular levels of the active FRTP. These trials also failed to deliver a cgimcing verdict on
the utility of FVP in the treatment of COVIE19. One trial, conducted in Japan, published results
in mid-2021 and concluded that FVP shortened time to viral clearance by approximately 3 days
in participants with moderate COVID19 and no oxygen requirement (Shinkai et al., 2021)
However, two trials (one from Malaysia and one from Saudi Arabia) published results following
the Japanese trial with results to the contrary, indicating FVP did not reduce the time to viral
clearance, the requirement for mechanical ventilation, admissios to ICU or mortality when
administered to hospitalised participants with high risk of progressing to severe disease
(Bosaeedet al., 2022; Chuahet al., 2022) Subsequent RCTs (North America, South America,
Australia) added to this evidence with all three determining a lack of antiviral effect when using
FVP for both inpatients and outpatients(Holubar et al., 2022; McMahoret al., 2022; Golaret al.,

2023).

A number of reasons were cited for the failure of FVP to produce an antiviral effect in fRETS.
Three of five reported the high Egtarget (9.7 pg/mL compared to 0.03 0.79 pug/mL for influenza)
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being difficult to reach with the study dose, suboptimal dosing and subsequent inadequate
plasma FVP concentrations(Chuah et al., 2022; Holubaret al., 2022; McMahonet al., 2022;
Golan et al.,, 2023) Two studies anticipated that the study population or ethnicity of study
participants could be a factor in lack of FVP efficacy against SARSV-2 (Bosaeedet al., 2022;
Golan et al., 2023) while a further two studies indicated that the drug may have been given
outside of the window of viral replication for someparticipants and therefore had no opportunity
to exert its antiviral effect (Chuah et al., 2022; Golanet al., 2023) Investigators in the US
suggested that undocumented adherence issues due to the high pill burden could also be a
factor; the oral formulation of FVP is 200 mg, and study dosages were in the region ofBtablets

twice a day(Golanet al., 2023)

1.6 Aims of Thesis

Current literature suggests that FVP exposures may be suboptimal to achieve the desired
antiviral action, highlighting the need for further investigation of FVP PK. In particular,
establishing the PK of FVP at relevant sites of transmission is warrantedvatuating alternative
routes of administration, such as intravenously, may provide insights into the variability observed
previously with oral dosing. Furthermore, key data regarding the PK of the active intracellular
metabolite in patients receiving FVPs currently absent, creating uncertainty when selecting the

appropriate dose to achieve therapeutic outcomes.

In the case of COVIBLY, the utility of FVP as a treatment remains uncertain. Therefore, this thesis
aims to assess a novel IV formulation of FVP by providing a comprehensive evaluation of FVP PK
in plasma and nonplasma matrices relevant to SARSCoV-2 transmission (e.g. saliva, tears,
nasal secretions), FRTP PK in dried blood and the applicability of novel sampling methodologies
(plasma separation cards) that have potential future use in remote field environments where high

consequence infections are encemic.
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Chapter 2

Development and Validation of a High-
Performance Liquid Chromatography -
Tandem Mass Spectrometry (LC -MS/MS)
Assay for the Quantification of Favipiravir in
Human Plasma
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2.1 Introduction

2.1.1 Favipiravir Chemistry

Favipiravir (6fluoro-3-hydroxypyrazine2-carboxamide; T705; FVP) was discovered bifujifilm
Toyama Chemical Co., Ltd following derivitisation of the related pyrazinecarboxamide
compounds, T-1105 and F1106. F1105 was identified as the lead compound during library
screening experiments to determine molecules with antinfluenza virus activity. FWP was
synthesised by the addition of a fluorine molecule to 1105 and further investigated for its anti

influenza virus properties.

The initial synthesis of FVP was described as a sevatage process, involving reagents that are

AYq6 W+ G0t R21IWe UT WG| qRHE2GCE! G! WHYI I Y R21JWbIIIONK
product yields of approximately 0.44%Gaonkaret al., 2021) A variety of other synthesis routes

have been described in the period since, with the most recent describing a threstep process

using inexpensive and readily available starting materials, and improving on the safety with

regards to reagents used and itermediates produced (Gouda and Qurban, 2021)

FVP is a polar, aromatic, weakly acidic compound with a logP of 0.25 and pKa of 5.1, respectively.
These characteristics convey additional challenges when developing liquid chromatography
mass spectrometry (LCMS/MS) methods, as polar compounds do not lendhemselves to the
widely used Gs modes of separation because they are less retained on silichased columns.
Several alternatives to Gs exist for the separation of more polar analytes, including phenybased

columns and hydrophilic interaction chromatography (HILIC).

LC-MS/MS combines the separation ability of LC with the sensitivity permitted by detection using
mass spectrometry. Compounds are first separated using a combination of mobile phase
gradient and variable stationary phase elements (G, GCs, ion exchange etc.). The separated

components are carried into the mass spectrometer via the mobile phase where an electrical
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potential is applied to desolvate and ionise the compounds. Selective and specific detection of
the analyte of interest is achieved by establishing the fragmentation pattern of the analyte and
selecting for this using both the parent mass in the first quadipole (Q1) and the product mass
in the third quadrupole (Q3). The combination of LC and MS allows for enhanced sensitivity, with
detection of analyte as low as picogram per millilitre. The strengths of LC and MS combined make

it the gold standard methodobgy for drug quantification for pharmacokinetic clinical trials.

2.2 Literature Review

Following the emergence of SARE0V-2, FVP was high on the list of potential treatments due to

its approval for use in Japan for pandemic influenza strains anih vitro data demonstrating

efficacy against SARSCoV-1 and MERSCoV. Considering the need for clinical trials to establish

the use of FVP for COVIH19, several methods were published for the quantification of FVP in

plasma using LCMS/MS A literature review was performed prior to method development ange-

reviewed upon trial completion.Using the farchtermsy n ¢ 2 RGR1 ¢ @hdRui NGO - HBXCAG E CC
via PubMed returned a total of 12 results. From these, six were excluded due to no full text article

being available, the study not being conducted using human plasma, the article remaining in

preprint status or the full article not being available in Ergsh.

The remaining six publications were assessed for the methodology used in terms of extraction
method, LC column used, calibration curve, mass spectrometer parameters and their
application to clinical samples to ascertain the likely best starting parametersfor method

development. A summary of reviewed articles is presented ifable 2.2-1.
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Literature Review Summary 1 LC-MS/MS Quantitation of FVP in Plasma

Bekegnran et al.
(Bekegnranet al., 2023)
Allah et al.

(Abd Allah et al., 2022)
Morsy et al.

(Morsy et al., 2021)
Onmaz et al.

(Eryavuz Onmazet al., 2021)
Rezk et al.

(Rezket al., 2021)
Saraner et al.

(Saraneret al., 2021)

2023

2022

2021

2021

2021

2021

Protein precipitation

Protein precipitation

Protein precipitation

Protein precipitation

Protein precipitation

Protein precipitation

50071100000 ng/mL

50110000 ng/mL

100120000 ng/mL

48 150000 ng/mL

2507116000 ng/mL

80T 30000 ng/mL

T3

HILIC

Cl8

ClS

T3

C18

Table 2.21 Summary of reviewed articles for FVP determination in ena. HILICwhydrophobic interaction liquid chromatography, ng/mLunanogram per millilitre
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2.2.1 ExtractionProcedure

All methods reviewed used protein precipitation to extract FVP from plasma samples. Protein

Gl JHRGRaé¢ qRYUWq! GRHECGG! WRU2YG210t WeT T RUNDWIFHIIE T L
plasma proteins. The sample can then be centrifuged, and the supernatd injected into the

mass spectrometer. It is essential to remove as many sample components, other than the

analyte of interest, as possible as endogenous matrix components can cause significant
interference when injected into the mass spectrometer, makingaccurate quantification of

analyte(s) challenging(Meiet al., 2003) One method(Morsyet al., 2021)used methanol (MeOH)

for sample extraction, whilst the remaining five opted to use acetonitrilACN)(Eryavuz Onmaz

et al., 2021; Rezlet al., 2021; Saraneeet al., 2021; Abd Allatet al., 2022; Bekegnraret al., 2023)

ACN has previously been reported as the most efficient solvent for protein precipitation, with

93.2% protein removal, compared taVlieOHwith 88.7% protein remova(Yanget al., 2013)

2.2.2 SeparationMethod and Mobile Phase

Many of the reviewed methods selected & LC columns for separation, apart from onéAbd Allah

et al., 2022)that utilised a HILIC column. Two of the methods used a WatetsAcquity UHPLC
HSST3Ciscolumn (Rezket al., 2021; Bekegnraret al., 2023)whilst other methods performed
separation on similar Gs columns of other manufacturers (Phenomenex, Agilent, Capcell)
(Eryavuz Onmazt al., 2021; Morsyet al., 2021; Saraneret al., 2021) Although these columns
are silica based Gg, they possess adapted stationary phases (such as the high strength silica;
HSS, of the Waterg column) that support the retention of more polar compounds compared to
traditional Cis columns. The use of HILIC may be of some benefit for FVP, given that it is a small

polar compound and HILIC offers improved sensitivity for such analyteSimonet al., 2012)
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Four out of six methods applied acidified mobile phases, using either acetic or formic acid in
concentrations of up to 0.1% to adjust the pH of either mobile phase A (watdrased), mobile
phase B (solvent based) or botliEryavuz Onmazt al., 2021; Morsyet al., 2021; Rezlet al., 2021,
Bekegnranet al., 2023) Acetic and formic acid are commonly used mobile phase additives that
improve peak shape, separation and the formation of [M+H]ons. Four methods also opted for
MeOHas the solvent for mobile phase BEryavuz Onmazt al., 2021; Morsyet al., 2021; Rezlet
al., 2021; Bekegnraret al., 2023) with the remaining methods utilisingCAN(Saraneret al., 2021;
Abd Allahet al., 2022) MeOH has a weaker elution strength thanACN therefore the analyte(s)
will be eluted at a higher concentration of mobile phase B, resulting in more effective desolvation,
enhancing the electrospray response ACN, with its higher elution strength and lower viscosity,

has the potential to reduce run times and produces a lower column back pressure thavieOH.

2.2.3 Calibration Range

Three of the methods reviewed used calibration curves in the dynamic range +0L0* (Eryavuz
Onmazet al., 2021; Saraneet al., 2021; Abd Allaket al., 2022), with two other methods using 16
T 10* (Morsyet al., 2021; Rezlet al., 2021)and the final method in the range 19-10°(Bekegnran
et al., 2023)- When considering the orders of magnitude that a calibration range can cover, the
equipment is a significant factor. For example, the AB Sciex 4500 triple quadrupole mass
spectrometer has a dynamic range of five orders of magnitude compared to its 6500+

counterpart that has a dynamic range of six orders of magnitude.

Lower limit of quantitation (LLQ)values ranged from 48 to 500 ng/mL whilst upper limit of
guantitation (ULQ) values ranged from 16,0001 100,000 ng/mL. The maximum plasma
concentration (Cnay) from a single 200 mg oral dose of FVP is 8390 ng/mL with thg.Gor the

recommended influenza dosing schedule (160@ng BD on day 1 followed by 60thg BD on Days

2 T 5) reported to be 51500 ng/mL(PMDA, 2014) It is therefore possible that some of the
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calibration ranges reported are too low to effectively cover the potential FVP concentrations in

clinical samples from a multidose regimen.

2.2.4 MassSpectrometer Parameters

Four methods operated the mass spectrometer in negative ionisation modéMorsyet al., 2021,
Rezket al., 2021; Saraneret al., 2021; Abd Allahet al., 2022) One method utilised positive
ionisation (Bekegnranet al., 2023) whilst another method assessed both positive and negative
ionisation modes (Eryavuz Onmagzt al., 2021) This method demonstrated increased sensitivity
when using negative ionisation mode with an LLQ of 48 ng/mL compared to 62 ng/mL in positive
ionisation mode. It is possible that the ionisation of FVP is slightly improved in negative mode,
due to the presence of a fluorine atom within the molecule that readily forms a negative ion.
However, such low assay quantitation limits are likely not required for this study, due to the

higher dose regimen being investigated.
2.2.5 Application toClinical Samples

Several reviewed methods were utilised as part of bioequivalence studies assessing generic FVP
formulations versus Avigan®, the licensed formulatiofMorsyet al., 2021; Rezket al., 2021; Abd
Allah et al., 2022) These studies had smallparticipant numbers (n=29 on average) and
investigated a single 200 mg dose of Avigan® or the generic equivalent. The study by Orehak
(2021) applied their method to remnant serum samples from patients with COVHD9 who
received FVP as per the influenza dosing schedule, with multiple doses given over 5 days
duration. Finally, the method reported by Bekegnraet al. (2023) was used to analyse paediatric
samples for dose adjustment where FVP had been administered for the treatmeof several viral
infections. Trough FVP concentrations were established from either a 200 mg or 400 rtigd
regimen. The trough levels reported for some patients were above the assay ULQ (100000 ng/mL)

and so higher calibration curves may be necessary when investigating higher aosVP.
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2.2.6 Starting Conditions

Following a review of the literature and contemplating the most widely used method parameters,
the initial set up for the method described in this chapter was mobile phases consisting of water
(A) andMeOH (B) with 0.2% formic acid, separation using a modified fcolumn with capacity
for separation of polar compounds, extraction using protein precipitation withACN and a

calibration range in the order of 18- 10*.

The absence of data regarding heat stability of FVP in plasma was also noted. Therefore, it was
considered to include more extensive heat stability testing during the validation to establish
whether multiple cycles of heat treatment were viable, given thaEVP may also be a candidate
for HCIDs where more stringent inactivation procedures may be necessary. Heat inactivation
avoids the use of detergents which may interfere with the assay and affect reliable quantitation
by mass spectrometry. There was also limited data in the literature conceimg the longterm
stability of FVP in plasma. Consequently, the validation of this method endeavoured to

determine stability of FVP beyond 2 months a80°C.

2.3 Materials and Methods

2.3.1 Chemicals

FVP and the stable isotopically labelled internal standard (SiLS),**C, *N-FVP were acquired
from Toronto Research Chemicals (Ontario, Canada) and AlsaChim (lllkirch, France),
respectively. LGMS grade, ultraGa | Rn R1JT LW s-anywhb ebiaided Usinguan Avidity Duo
system (Avidity Science, Buckinghamshire, UKMeOH and ACN of LC-MS grade purity were

procured from Fisher Scientific (Loughborough, UK). Drufyjee human plasma from healthy
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volunteers was provided by the NHS Blood and Transplant Service (Liverpool, UK) with ethical

approval from the NHS Health Research Authority.

2.3.2 Equipment

An Agilent 1260 Infinity series (Agilent Technologies, Santa Clara, CA, USA) served as the HPLC
system (pump, autosampler, column oven). The mass spectrometer was an AB Sciex 6500 triple
guadrupole system (AB Sciex, Macclesfield, UK) interfaced with a hesil electrospray ionisation
(hESI) source. A reversgphase Synergi PolaiRP 150 x 2.1 mm, gm (Phenomenex, Macclesfield,

UK) column with oven temperature set at 40°C was used for compound elution. Data acquisition

was performed using Analyst (v1.6.1) androcessed with MultiQuant (v3.0.3) (AB Sciex).

2.3.3 Standard and Quality ControPreparation

FVP stock powder was weighed on a calibrated analytical balance (Sartorius,6tEngen,
Germany) and diluted withMeOHto achieve a concentration of 5 mg/mL. Intermediate solutions
were prepared by further dilution of the stock solution ilMeOH-H,O (50:50, v/v) to generate

solutions of 2500, 500 and 62.5ug/mL, respectively.

Plasma standards were prepared by spiking 2QL of these intermediate stock solutions into 1
mL blank human plasma to generate threstandard levels at concentrations of 1250, 10000 and
50000ng/mL FVP. The spiked working standards wed#uted with blank plasma to generate final
concentrations in plasma of 500, 1250, 2500, 5000, 10000, 25000, 40000 and 50000 ng/mL of
FVP. Low (LQC), medium (MQC) and high (HQC) quality control samples were prepared at 1401,
11205 and 41500 ng/mL, respectiely. A lower limitof quantification (LLQ) QC sample was also

prepared at 500 ng/mL.

Internal standard (S; *C, **N-FVP) stock solution was prepared at a concentration of 1 mg/mL
using MeOH as the diluent. WorkinglSwas prepared by diluting the stock 4€fold in MeOH-H,O
(50:50, v/v) to a final concentration of 2fug/mL.
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2.3.4 SamplePreparation

100 uL of standards, QCs and blank plasma samples were aliquoted into BiL borosilicate test
tubes followed by 20uL of ISsolution (**C, **N-FVP, 25ug/mL). Proteins were precipitated from
the plasma by addition of 400 L of ACNto all tubes. Samples were briefly mixed by vortexing
before centrifugation for 10 minutes at 2688 gand transfer of 50uL of the supernatant to clean
5 mL tubes. 950uL of MeOH H,O (80:20, v/v) was added to all tubes before aliquoting 10aL
from each into glass autosampler vals. Samples were loaded into the autosampler and injected

(5uL) into the LGMS/MS.

2.3.5 LGMS/MSProcedure

A Phenomenex Synergi PolaRP Gscolumn (4um; 150 x 2.1 mm) was used to achieve separation

using 0.2% formic acid irH,O (mobile phase A) and 0.2% formic acid iMeOH (mobile phase B).

A gradient method with flow rate set to 0.6 mL/min was utilised as follows: initial conditions of

20% mobile phase B held for 0.8 minutes and then increased to 80% B for 2 minutes, followed by

column conditioning with initial conditions for 3.2 minutes to achieve a total run time of 6.0

minutes. Positive ion mode using multiple reaction monitoring (MRM) was used foetkction of

FVP. The m/z transitions used werdl P Y FOM3 N M N FOM Li68. 1 | NLO[= ¢OMLLLIE WIT UUN > MEON 8 N N

13C, ’N-FVP.Mass spectrometer conditions were optimised as summarised in Table 2.3:4.
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Optimised Mass Spectrometer Parameters for FVP

Mass transition (Da) NPYIM3 NN NZ MION3 NTI NZ MHON3 NN
Collision Energy (V) 25 30 35
Spray Voltage (ISV) 5500 5500 5500
Vaporizer Temperature

450 450 450
(TEM°C)
lon Source Gas 1 (GS1) 50 50 50
lon Source Gas 2 (GS2) 40 40 40
Collision Gas (CAD) 8 8 8
Curtain Gas (CUR) 25 25 25

Table 2.3.51 Final mass spectrometer parametersfor quantitation of FVP in plasma in positive ionisation
mode. FVPuwfavipiravir

2.4 Validation Methodology

The method was validated in accordance with US Food and Drug Administration (FDA) and
European Medicines Agency (EMA) guidelindEMA, 2011; FDA, 2018ps experimental work

precedes the effective date of the ICH M10 guidelines (January 2023).

2.4.1 Selectivity

Selectivity experiments were conducted by screening six individual lots of blank human plasma
and assessing them for endogenous interferences eluting at the same retention time as the
analyte andlS. Background interference at the retention time of FVP was regarded as acceptable
if < 20% of the mean FVP response in the LLQ sample. For 1 any background noise was

considered acceptable if < 5% of the mean IS response in LLQ samples (n=6).
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2.4.2 Recovery andMatrix Effects

Six sets of aqueous LQC, MQC and HQC samples (A) were prepared in the final reconstitution
solution of MeOH- H.0 (80:20, v/v), a further six were prepared by spiking of drug into extracted
blank plasma (B). Overall recovery was calculated by comparing the peak area response of the
non-extracted samples to plasma samples spiked with FVP prior to extraction (C). Mateffect
was established by comparing the absolute peak areas of FVP spiked into final reconstitution
solution to that of FVP spiked into blankplasma extract. Both overall recovery and matrix effect

were guantitated using methods described by MatuszewskiMatuszewskiet al., 2003)

2.4.3 Accuracy andPrecision

Inter and intraday accuracy and precision were evaluated by analysing calibration curves and
six replicates of LQC, MQC and HQC samples run over the course of 7 days. The calibration range
was set according to reported Gax values achieved with the standard FVP oral dosing regimen
(600 T 800 mg BD) and potential dosages postulated using physiologically based
pharmacokinetic (PBPKR modelling (Pertinezet al., 2021; Bosaeedet al., 2022; Chuahet al.,

2022; Holubaret al., 2022; McMahoret al., 2022)
2.4.4 Carryover

Carryover was measured using extracted blank plasma samples injected after the ULQ sample
(50000 ng/mL) and the response compared to that of the lowestandard and expressed as a
GUI AUUqc¢NUOWRNSG JWI RGRgt WY nWIW=MEWYnWaé JWx x AW It G

carryover experiments(EMA, 2011)
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2.4.5 Stability

Stability of FVP in plasma was evaluated under different conditions using sets of six LQC and
HQC samples. Heat stability was tested by incubation of the samples at 58°C for 4@inutes,
simulating viral inactivation procedures. Freezethaw stability was tested by removing frozen
samples and thawing at room temperature and rdreezing at-80°C for three freezethaw cycles.
Ambient stability was determined by leaving plasma QC samples on the benchtop at room
temperature and quantifying the FVP concentration using a freshly prepared calibration curve.
The stability of FVP in the autosampler wasgstablished by storing QC samples in the
autosampler for 72 hours(h) and analysing them on a freshly extracted calibration curve. An
accepted precision and accuracy batch was reinjected after being left in the autosampler at
15°C for 24 h, to assess raijection reproducibility. An extracted set of QC samples was
refrigerated for 24 h before being injected alongsidstandards prepared at the time of analysis,
to examine the stability of FVP in processed samples. Finally, the loftgrm stability of FVP was
examined by analysing QC samples that were spiked 10 months prior using a freshly spiked

calibration curve.

2.4.6 Dilution Integrity

Plasma was spiked with FVP at 80000 ng/mL (&f6ld higher than the ULQ) and consequently
diluted 1 in 2 and 1 in 4 with blank plasma. These samples were analysed against the calibration
curve, with the applicable dilution factor, to determine the calculatd concentration compared

to the nominal concentration.
2.4.7 PartialValidation of Higher Calibration Curve

In anticipation of the maximum dose escalation within AGILEandidate specific trial-6 (CSTF6)
(2400 mg dose), and estimated increases in fx, an assay with a higher calibration curve was
partially validated over the range 1006 100000 ng/mL.
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Standards were prepared by diluting the stock FVP 5 mg/mL solution ieOH- H,O (50:50, v/v)

to produce two intermediate stock solutions of 2 mg/mL and 50Qug/mL. The FVP 5 mg/mL and
intermediate solutions were spiked, 20uL into 1 mL of plasma, to produce working solutions of
10000, 40000 and 100000 ng/mL, respectively. These working solutions were further
reconstituted with blank plasma to obtain the full calibration curve (1000, 2500, 5000, 10000,

20000, 40000, 60000, 8000 and 100000 ng/mL).

QC samples were prepared by diluting the stock FVP 5 mg/mL solution e OH- H,O (50:50, v/v)
to generate intermediate solutions of 3.75 mg/mL, 1.125 mg/mL and 112.Hg/mL. These
intermediate solutions were spiked into plasma (2QuL in 1 mL) to produce HQC, MQC, LQC and

LLQ QC samples at concentrations of 75000, 22500, 2250 and 1000 ng/mL, respectively.

Precision and accuracy experiments were run with calibration curves and LLQ, LQC, MQC and

HQC (n=6) samples to partially validate the updated assay range.

2.5 Results

2.5.1 LGMS/MSConditions

FVP and®3C, ®N-FVP eluted at 1.61 and 1.60 minutes, respectively at a mobile phase B
concentration of 80%. Representative chromatograms for blank, IS, LLQ, HQC and a clinical

sample (16689 ng/mL) are shown in Figure 2.51
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Figure 2.5.11 Representative chromatograms ofFVPfrom an extracted (plasma) blank sample (a), the
lower limit of quantitation (b), a high quality control sample (c), a clinical sample (16689 ng/mid) and
internal standard (e).
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2.5.2 Selectivity

No peaks were detected at the retention time of FVP or ,|J&nd no area response recorded,
resulting in background interference of zero for both FVP and IS. An example chromatogram of

the lack of interference is shown in Figure 2.5:2.
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Figure 2.5.21 Example chromatogram from plasma batch G7demonstrating no discernible peak in at the
retention time of FVP (1.61 mins) and FVP IS (1.60 mins)

2.5.3 Recovery andMatrix Effects

Recovery, matrix effect and process efficiency were evaluated across three concentrations
(LQC, MQC, HQC). The matrix effect was minimal, and the overall recovery was > 85% for all
concentrations tested. Analysis recovery IS-normalised), extraction recovery, matrix effect and

process efficiency were calculated as follows:

oswadﬂQlethé—cwwpnn

S O « S
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Equation 2.5.31 Calculations for matrix effect, extraction recovery and process efficiencaccording to
Matuszewskiet al (2013).

The results are summarised in Table 2.5-3.
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Matrix Effect and Recovery Validation Experiment

1401 140,794 132,582 113,643 0.056 0.057 94.2 85.7 80.7 101.5
11205 1,056,367 1,012,396 921,903 0.439 0.446 95.8 911 87.3 101.5
41500 3,972,388 3,824,357 3,217,613 1.718 1.580 96.3 84.1 81.0 92.0

Table 2.5.31 Recovery and Matrix effect for FVP in plasmi&Ewumatrix effect, Ext RELextraction recovery, PELprocess efficiency, RHELrecovery, QCuguality control
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2.5.4 Accuracy andPrecision

Inter- and intra-assay accuracy and precision was within £ 15% of the nominal concentrations
for LQC, MQC and HQC samples and = 20% for the assay LLQ (Table 215.4 A regression
equation with quadratic weighting (1/%) was applied to produce the best fit for the concentration

detector response. The average correlation coefficient fy was 0.99936 (n=4).
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Precision and Accuracy Experiment Summary

Inter -day 522.43 26.17 5.01 3.23  1532.46 32.71 2.13 8.83  11461.02 192.54 1.68 2.28 |41078.09 1625.33 3.96 -1.02

Intra-day 510.88 17.89 3.50 2.18 1532.70 38.95 2.54 9.40 | 11604.90 222.30 1.92 3.57 | 41762.15 1038.71 2.49 0.63

Table 2.5.41 Summary of precision and accuracy experimestfor FVP in plasma. Shustandard deviation, CVicoefficient of variation
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2.5.5 Carryover

Carryover was < 10% of the LLQ after injection of the first blank and fell to < 6% of the LLQ after
second extracted blank following the ULQ. Thus, there was no requirement to include additional

extracted blank samples between clinical samples in the assagequence.

2.5.6 Stability

The results of stability experiments are summarised in Table 2.5.6. FVP spiked into plasma was
shown to be stable when kept at ambient temperature on the benchtop for 28 and was also
stable after four cycles of incubation at 58°C for 40 minutes with réreezing at- 80°C between
each cycle. Plasma samples prepared and stored at80°C were stable for up to a period of 10
months and extracted and analysed against a freshly spiked calibration curve. Long term stability
was calculated at 87%. In extracted amples, FVP was stable when stored in the fridge for 24 h,
the autosampler at 15°C for 72 h and following reinjection of an accepted assay after 24 h in the

autosampler.
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Stability of FVP in Plasma and Extracted Plasma

Bench-top 6 LQC 4.58 5.71
Plasma
(22 h;ambient) 6 HQC 1.37 2.15
Heat inactivation 6 LQC 3.07 12.4
Plasma
(single cycle, 58°C) 6 HQC 2.08 1.35
Heat inactivation 6 LQC 3.70 4,54
Plasma
(four cycles, 58°C) 6 HQC 7.16 6.40
Freeze-thaw 6 LQC 1.22 0.17
Plasma
(3 cycles;-80°C) 6 HQC 1.18 4.70
Autosampler Extracted 6 LQC 3.13 11.20
(72h; 15°C) sample 6 HQC 2.70 -6.94
Reinjection 6 LQC 0.37 7.86
Extracted
reproducibility 6
sampled HQC 1.80 151
(24h; 15°C)
Processed stability Extracted 6 LQC 1.64 5.60
(24h; 2-8°C) sample 6 HQC 151 -0.39

Table 2.5.61 Summary of stability experimentgor FVP in liquid plasma. C\ucoefficient of variation, hiu
hours. Accuracy acceptance criteria £15% as per method validation guidelines.
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2.5.7 Dilution Integrity

Diluted samples (2 and 4-fold) demonstrated calculated concentrations within £15% of the
nominal value and > 67% of dilution integrity QCs met these criteria. The accuracy, calculated as
percentage bias, was 10% across 2 and-fbld dilutions, with a coefficient of variation of < 5%.

Results of the dilution integrity experiment are Bown in Table 2.5.71.

Dilution Integrity (2 - and 4-fold dilution) of FVP in Plasma

1 80000 88775 10.97 83461 4.33
2 80000 87166 8.96 90025 12.53
3 80000 85181 6.48 90955 13.69
4 80000 85484 6.85 94166 17.71
5 80000 87729 9.66 88560 10.70
6 80000 86957 8.70 88746 10.93
Mean 86882 89319
SD 1241 8.60 3212 11.65
%CV 14 3.6

Table 2.5.7#1 Summary of dilution integrity experiment datdor FVP in plasma. Dil INT Q@dilution integrity
quality control, SDwstandard deviation, CViucoefficient of variation
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2.5.8 HigherCalibration Curve 1 Precision and Accuracy

Three precision and accuracy experiments were performed to partially realidate the assay to
cover a higher concentration range, in anticipation of the maximum dose escalation for the AGILE
CST6 clinical trial. The higher range was found to be both pres# and accurate with intra and

inter-day %CV for all concentrations tested < 9% and % biast8% (Table 2.5.81).
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Precision and Accuracy of the Higher Calibration Curve (FVP plasma)

Inter -day 1017.69 90.45 8.89 1.77 | 2336.11 133.82 5.73 3.83 | 21437.04 1263.66 589 -4.72 | 72201.26 3839.49 532 -3.73

Intra-day 964.46  61.50 6.38 -3.55 | 2425.67 9549 394 7.81 | 21219.73 1243.07 5.86 -5.69 | 74046.78 2802.39 3.78 -1.27

Table 2.5.81 Precision and accuracy of higher calibration crve for the determination of FVP in plasmaAcceptability criteria for CV and Bias +20 % for LLQ, + 15%
for L, M and HQCSDustandard deviation, CViucoefficient of variation
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2.6 Clinical Application

The described method was used to analyse 160 plasma samples froparticipants on the AGILE
CST6 trial. A chromatogram from an extracted plasma from garticipant receiving IV FVP (600

mg BD; Day 3) is shown ifrigure 25.1-1. DetailedPKanalysis is presented in Chapte#d.

2.7 Discussion

A robust, accurate and selective LEMS/MS method has been developed and validated for the
measurement of FVP in human plasma. The described assay offers several improvements with
respect to previously published bioanalytical methods(Wanget al., 2007; Eryavuz Onmaet al.,
2021; Morsyet al., 2021) Ths method requires a lower sample volume (100 pL) and uses a SIL
IS. SIL compounds have virtually identical physiochemical properties to their unlabelled
counterparts, allowing them to compensate for any variability in sample processing and analyte

detection, resulting in improved precision and accuracy.

The stability data provided in this chapter confirms and expands on published figures.
Experiments performed as part of this method validation confirmed stability of FVP when left on
the benchtop, and throughout multiple freezethaw cycles. Autosampler stability data of 27 h
(Morsyet al., 2021)is enhanced by our finding that FVP is stable for 72 h in an autosampler set at
15°C. Furthermore, this study has demonstrated that FVP remains stable in plasma when stored
at -80°C for a period of 10 months. An extended calibration range of up to 100000 ng/mL was also
found to be both precise and accurate. Such a range may be needed by other studies wishing to

investigate higher doses of FVP than reported regimens for influenzayDand COVID19.
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Moreover, these experiments have characterised the stability dFVPin plasma when subjected
to heat inactivation procedures. In the United Kingdom, SARSoV-2 is classified as a hazard
group 3 pathogen(Pathogens, 2023) Heat inactivation is therefore useful to enable safe working
conditions and processing of samples in containment level two laboratories, which are more
conventional than containment level three facilities. Inactivation of SARE0V-2 has been
reported byheat treatment at 56°C for 40 minutes(Wanget al., 2020c), however this study used
58°C for 40 minutes to reflect already established inactivation procedures for HIV. This data
demonstrates that FVP is stable after four cycles of heat treatment, with ffreezing between
each heat treatment. Although one round of heat treatment is sufficierfor inactivation of SARS
CoV-2, multiple rounds may be useful if investigating=VP for treatment of other infectious
diseases, for exampleEVD This also avoids the use of strong detergents that can contaminate
mass spectrometers, as well as higher temperatures that may begin to influence stability of the

drug.

This method was successfully developed, validated and utilised to quantify FVP in clinical

samples obtained as part of the AGILE clinical trial platform (Chaptef).
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Chapter 3

Validation of LC-MS/MS Methods for the
Quantitation of Favipiravir in Non-Plasma
Matrices (Saliva, Tear Strips, Nasal Swabs)
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3.1 Introduction

SARSCoV-2 is primarily transmitted through close contact of individuals with SARE0V-2
infection. Respiratory modes of transmission occur when virions trapped in aerosols or large
droplets are expelled through conversation, coughing or sneezingiaet al., 2020; Leyseret al.,
2022). Aerosols are smaller particles (< 5 pm) that can persist, suspended in the air. Droplets are
larger and fall to the ground within approximately 2 meteréMeyerowitzet al., 2021) Infections
occur between individuals sharing air in relatively close proximity, especially if the space is

enclosed and liable to crowding (e.g. public transporiMeyerowitz and Richterman, 2022)

There is also limited evidence that viable SARGoV-2 virions and RNA can be found in tears from
patients infected with SARSCoV-2 (Colavitaet al., 2020; Xiaet al., 2020; Aroraet al., 2021) This
is a phenomenon that appears to be specific to patients with conjunctivitis arising from SARS
CoV-2 infection. Direct transmission of SARSCoV-2 via tears has not been reported, but the
possibility of nosocomial transmission during routine ophthalmdogy practice is of concern
(Sonmezet al., 2022) As yet, tears have not been ruled out as a potential source of SARSV-2

transmission although the risk is likely to be loSeahet al., 2020)

It would be of benefit to establish the concentration of potential aniSARSCoV-2 therapeutics
in these matrices as a means of assessing drug compartmentalisation and the prophylactic

potential to limit onward transmission of SARSCoV-2.

3.1.1 Saliva

Saliva does not contain the blood proteins that usually bind to drug molecules, and therefore
guantification of drug concentration in saliva typically represents the unbound fraction, which is
considered as the pharmacologically active portion, compared toplasma quantification that
measures total drug (bound and unbound fractiongAps and Martens, 200%) However,

measurement of drug levels in saliva is not without issue. Compounds that are more basic in
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nature tend to be found at higher concentrations in saliva than in blood whereas the converse is
true of compounds that are acidic, due to the pH of saliva being slightly lower than that of blood
(Coulter and Moore, 2019) The pH of saliva is also variable throughout the day and between
individuals and this can influence the concentration of drug in salivdLangelet al., 2014) The
volume of saliva collected is also subject to intra and inter-subject variability depending on
individual physiology, collection technique and medications affecting secretion of oral fluid. For
example, certain illicit substances (ecstasy, cannabs) and therapeutics (antipsychotics,

anticholinergics) are known to affect saliva productionDrummer, 2006)

Salivettes® are often used to obtain saliva for drug quantitation. The Salivette contains a cotton
roll which the individual chews to generate an abundance of saliva that is absorbed by the cotton.
The cotton roll is placed back into the tube and centrifugd to draw all of the saliva into the

bottom well which can be removed and stored until analysis.

Aside from assessing its prophylactic potential, measurement of FVP in saliva may be a useful
tool for therapeutic drug monitoring (TDM), which may be necessary given the high interindividual
variability reported for FVP PK. TDM would enable dose adjustntein the event of suboptimal
plasma concentrations combined with lack of virological or symptom response. Collection of
saliva for this purpose offers distinct advantages over blood collection in that it is simpler, less

invasive, and more cost effective.

3.1.2 NasalSecretions

Nasal secretions contain a heterogeneous mixture of cells, mucus and plasma exudate. There is
high interindividual variation in the physical properties (compaosition, cell content) and volume of
nasal secretions produced(Serralheiroet al., 2012) This variability can be due to age, gender or
health conditions, with evidence that the mucosal environment changes in response to upper

respiratory conditions, such as COVIB19 (Martinsonet al., 2023)

74



Sampling of nasal secretions can be achieved via 4 methods: nasal washing (lavage, spray),
aspiration (suction/microsuction), spontaneous secretions (nose blowing) or absorption (filter
paper, nasal swabs). Nasal washing techniques provide a higher samplolume than other
sampling methods, but thisis contradicted by the unknown dilution of nasal secretions and
therefore of the analyte. Collection of spontaneous secretions is perhaps the simplest
technigque; however, sample volumes are often small and varlgde. Techniques involving
aspiration allow collection of undiluted nasal secretions but are more complex in nature and
involve substantial patient discomfort. Obtaining nasal secretions via absorption offers a simple
method with minimal disruption to the patient. Moreover, the secretions are undiluted and
therefore offer the best chance of accurately quantifying any drug preser{Serralheiroet al.,
2012). Several absorption devices, such as cellulose based swabs, polyvinyl alcohol swabs and
filter paper, have been tested previouslyThwaiteset al., 2018) Sampling via this method risks
damage to the nasal mucosa, potentially resulting in contamination of the swab with blood

leading to inaccuracies in quantitation.

Improvements to nasal swabs have been accomplished using synthetic absorptive matrix (SAM)
to perform nasosorption, which offers several advantages over traditional swabs. SAM strips do
not need to be rotated in the nasal cavity, minimising the risk of itating the mucosa and
potential contamination of the sample. The contact time for SAM strips versus traditional swab
materials is far lesst approximately 30 seconds, reducing the impact on patients. Finally, the
overall design is such that mucosal linindluid can be quickly and comfortably obtained with low

protein binding to maximise sample recovery.

3.1.3 OcularFuid (Tears)

Tears can be classed into three layers: the outer lipid layer, the middle aqueous layer and the
inner mucin layer. The aqueous layer, secreted by the lacrimal glands, contains a diverse mix of

electrolytes (calcium, sodium etc.), proteins (enzymes, immuneproteins) and metabolites (urea,
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amino acids, glucose)Colavita et al., 2020) The protein content of tears is variable depending
on the type of tears collected (nonstimulated vs. reflex), protein assay methods and sample
collection technique (Schirmer strip, glass capillary, eye flush). Proteomic study of tears found
that serum adbumin was present at far higher levels in tears collected via Schirmer strip than

glass capillaries(Green-Church et al., 2008)

Drugs may enter the tears via passive (across or between cells, between tight junctions) or active
transport (carrier mediated transport). Transfer of drugs into tears may be influenced by the lipid
solubility of the drug and the pH of the teargvan Haeringen, 1985)It is generally expected that
the un-ionised, unbound fraction of drug is the portion that is free to pass from the plasma into
the tears; the equilibrium of these fractions between blood and tears is dependent on the lipid
solubility, enabling drug to goss the lacrimal epithelium. Alongside this, the degree to which the
compound is ionised in plasma is also a factor in determining diffusion of drug into tears which
itself is partially dependent on the pH of the tears themselves. FVP is a weakly acidiad that is
slightly lipophilic (logD = 0.15) at low pH but tends to hydrophilicity at bodily pH (7.4) at &7
(logD =-1.82). Under these conditions, FVP is mostly deprotonated and little neutral compound

is observed(Domotor and Enyedy, 2023)

Schirmer test strips are regularly used in ophthalmology for sampling of ocular fluids. The strip is
placed inside the lower eyelid and ocular fluid is absorbed over a period of several minutes, the
volume of which is indicated by graduated markings on thstrip. It is possible that using Schirmer

strips may irritate the conjunctiva and it has been previously noted that Schirmer strips may also
collect cellular proteins from the ocular surface (Zhou and Beuerman, 2012)Glass capillary

tubes are also routinely used but are more technically challenging than Schirmer strips and
collection of fluid is much slower. Patients also tend to be more wary of glass capillaries

compared to Schirmer strips(Zhou and Beuerman, 2012)
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Determination of antiviral concentrations in non-plasma matrices is crucial to establish drug
action at the site of viral replication and to establish potential for exposing the virus to
subtherapeutic drug concentrations, which could lead to escape mutationsand drug resistance.

In order to establish whether FVP penetrates into potential sites of SARSV-2 transmission,
LC-MS/MS methods were developed and validated to enable quantification of FVP in saliva, tear

test strips (TTShnd nasal mucosal liningfluid collected using Nasosorption FXi SAM swab.

3.2 Materials and Methods

3.2.1 Equipment andReagents

The described methods were developed and validated using a Sciex Exion LC (autosampler,
pumps, oven) coupled to a Sciex 6500+ triple quadrupole mass spectrometer with hESI source.
Other materials and reagents were as described in sections 2.3.1 and 2.3.8chirmer TTSwere

purchased from Mid-Optic (Derby, UK) and Nasosorption FXi SAM swabs were obtained from
Mucosal Diagnostics (Midhurst, UK). Phosphate buffered saline (1x PBS, pH 7.2) was procured

from Merck (Gillingham, UK).

3.3 MethodDevelopment

3.3.1 Saliva

The analytical method for the determination of plasma (Chapter 2) was used as the basis for the
initial saliva method, with the removal of the initial protein precipitation step with ACN. Instead,
saliva samples were directly diluted with the plasma finalreconstitution solvent (80:20 viv
MeOH- H;0). The first precipitation step was removed due to the lower calibration range required
for the saliva assay and therefore higher sensitivity required; protein precipitation with an extra

dilution step was predicted to reduce the detector response to a level that would limit accurate
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guantitation of low concentrations. Furthermore, the protein content of saliva is relatively low

and therefore less sample cleanup is typically required.

ThelSconcentration was reduced 16fold, from 25, Do G x Wn Y| W6 JWGG ¢t G¢c Wet t ¢!
saliva, to align with the lower calibration curve. PBS was used as a surrogate matrix as the main
electrolytes within saliva are sodium potassium, chloride and bicarbonate (Aps and Martens,

2005)which are the main salt components of PBS. The use of PBS as a surrogate matrix has also

been reported for other validated LEMS/MS methods(Perogamvroset al., 2009; Israelssonet

al., 2018; Amaraet al., 2021)

3.3.2 Swabs

Initial testing of the extraction method was performed using standards and QCs prepared for the
FVP plasma assay. The column and L-®IS/MS conditions remained the same. For the initial
extraction, 15, x WY n WIJ ¢ sténda@and QG gabhple was spotted onto the tear strip/nasal
swab and left on the benchtop to dry for approximately 1 h. The volume spiked onto the swabs
was decided based on average volumes collected fronparticipants in the clinic for previous

trials, to match thestandards and QC samples aglosely to the participant samples as possible.

Ecl O! WaWaqdVYT W 200 YGaWUqWs et WHYUT ef/qll Ws Ra6éWeT T F
the supernatant which was then diluted withMeOH- H,O (70:30, v/v). Whilst the nasal swab
chromatography was acceptable with this extraction method, the chromatography for the

Schirmer tear strips was poor.

To improve the chromatography, different reconstitution volumes were testedStandard levels

at the lower concentrations of the calibration curve were tested using the following conditions:

9 TTRqRYOWYNWAMMLW, xW 9 SW B&VY2c¢dllMeQHO, x WY n L

(70:30, viv)
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1 ITTRRYUWY nWYMMLIW, xW 9 AWl 3GY2¢aWMe@EHI x WY n L
(70:30, viv)
1 ITTRgRYUWY nWYMMW, xW 9 AWl J&Y2c¢dWYMeQEMA x WY n W

(70:30, viv)

The resulting chromatography for the Schirmer tear strips was still poor using each of the above
extraction methods. It was anticipated that there could be a degree of matrix suppression and
therefore drying of the sample may assist in improving the analytresponse. Ultracentrifugation
(12000 rpm for 4 minutes) was also assessed as a means of removing any precipitated matrix

components from the supernatant prior to drying under nitrogen.

Whilst ultracentrifugation of samples did not significantly improve the chromatography, drying of
qélWnezaddWt ¢GGUINWLYMMIW, xblWe UT I MdDRdHOYA0:BOIWN Y T TG Y 5 L

improved the chromatography for the Schirmer test strips.

This final extraction procedure also resulted in appropriate analyte response at the lower limit of
guantification and linearity of the calibration curve. Following this, it was considered to use PBS
as a surrogate matrix more closely matched to tears andasal secretions (i.e. lacking plasma

proteins) and in the absence of available drudree matrix.

3.3.3 Preparation ofStandards andQuality Control Samples

3.3.3.1 Saliva

The stock FVP solution (5 mg/mL ikleOH) was diluted inMeOH- H,O (50:50, v/v) to generate 11
intermediate AQ-LX solutions as follows: 250 (A€.11), 200 (AGL10), 100 (AQL9), (AQLS), 12
(AQL7), 4.8 (AQL6), 2.4 (AQL5), 1.2 (AQL4), 0.3 (AQL3), 0.15 (AQL2) and 0.075 (AQ.1), g/mL.

Aqueous intermediate solutions forQC samples were prepared at 187.5, 7.5 and 0.1875g/mL.
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Each intermediate solution was spiked, 20 L into 1 mL of 1X PBS (pH 7.2) to produstandards

of 5000, 4000, 2000, 800, 240, 96, 48, 24, 6, 3 and 1.5 ng/mL. This process was repeated for the
QC samples with the respective intermediate solutions to obtain low (LQC), medium (MQC) and
high (HQC) samples at 3.8, 150 and 3750 ng/mL respectively. A lower limit of quantification (LLQ)

QC sample was also prepared at a concentration of 1.5 ng/mL.

Working IS solution was prepared by diluting the stock solution (1 mg/mL) 1 in 400 witdleOH-

H.O (50:50, v/v) to a final concentration of 2.5 g/mL.

3.3.3.2 Swabs

Stock FVP solution (5 mg/mL) was diluted iMeOH- H,O (50:50, v/v) to produce 10 intermediate
solutions at 250 (AQL10), 200 (AGL9), 150 (AQL8), 100 (AQL7), 50 (AQL6), 25 (AQRL5), 12.5
(AQL4), 6.250 (AGL3), 3.125 (AQL2), 1.562 (ARL1), g/mL. QC sample intermediate solutions

were prepared at 187.5 (AGHQC), 18.75 (AGMQC), 3.750 (AGLQC), g/mL.

Intermediate solutions were spiked into PBS (1X; pH 7.2) as detailed previously to produce
standards of 5000, 4000, 3000, 2000, 1000, 500, 250, 125, 62.5 and 31.5 ng/mL. QC samples
were set at 3750, 375 and 75 ng/mL. To adjust for the 1% sample volume and produce a
calibration curve that utlised ng/sample (i.e. ng/15, L), the nanogram per millilitre
concentrations were multiplied by 0.015. This resulted istandards of 75, 60, 45, 30, 15, 7.5, 3.8,
1.88, 0.94 and 0.47 ng/sample and QC samples of 56.26,6 and 1.1 ng/sample. A lower limit of

guantification QC sample was also prepared at 0.47 ng/sample.

Working and intermediatelS solutions were prepared as for the saliva assay (section 3.3.3.1).
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3.3.4 SamplePreparation

3.3.4.1 Saliva

100, x WYnWwt qc¢UT ¢l T+ WwWeUl WA9Y Ws VI DWGRGUqaqWUT WRUqYWP
¢TI T RqRY UUS(ICIEEHM KELAG WIEHP W, No G x b FOWN Mede+HHIOUBO0:200vEYi 13+ A LLP N
was added and samples were vortex mixed. Tubes were centrifuged at 268&for 10 minutes

¢cUOT WNYMW, xWYnWgéWwt eGUI UecqeUql WayY2WT WRUqVYWeEeaqVt
3.3.4.2 Swabs

15, x WY nwyéermswt qc¢ 07T ¢l Twe Ol wWAoWs et Wt GYaqaqll wYOqYWROT
to dry on the benchtop at ambient temperature for 1 h. Swabs were placed into 5 mL borosilicate

Ndctt Wage At IBENIWadlhddddMIBlLI X MIN nXIH W= OP W, No G x b Ws ¢t We T T 13T
were then vortex mixed and centrifuged at 268& g for 10 minutes. The supernatant was

transferred to clean 5 mL borosilicate glass tubes and samples were evaporated to dryness

under a constant stream of nitrogen (approximatelN LIS b WH N Y I WWARWRUNDWI WIHY Ut q

MeOH H,Obl TMa OMALWZ2 02 b OWNY MW, x WY NnWIJCcHG W ¢ GGG IWs ¢t WE al

3.4 Results

The developed methods for determination of FVP in saliva and swabs were validated by
completion of three precision and accuracy batches, stability experiments and a recovery and
matrix experiment. These validation experiments were performed as detailed isection 2.4.
Chromatograms from an LLQ, ULQ, double blank, blank with IS ancchnical sample are shown

in Figure 3.41, 3.4-2 and 3.43.
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3.4.1 Precision andAccuracy

The results for the saliva precision and accuracy experiments (n=4) are summarised in table
3.4.1-1. The assay was found to be both accurate and precise with inteand intra-day %CV <

10% and %bias withint 9% for all QC levels tested.

The tear strip assay was found to be both accurate and precise with intelay %CV < 13% and
%bias withint 5.5% for all QC levels tested. Intralay %CV was < 6% and %bias < 15% for all QC
levels. The assay for measurement of FVP from nasal swabs was also found to be accurate and

precise with inter- and intra-day %CV < 9% and %bias within + 15%.

The results for the precision and accuracy experiments (n=4) are summarised in tables 3.411

3.4.1-2 and 3.4.13.

85



Precision and Accuracy Data for Determination of FVP in Saliva, Tearsand Nasal Secretions

Inter -day 158 0.14 9.06 655 | 382 026 6.8 1.86 | 161.28 4.36 270 821 | 3853.29 91.70 2.38 2.81
Intra-day 153 0.13 8.58 173 | 368 025 6.71 -3.07 | 158.53 3.41 215 5.69 | 384754 8571 2.23 2.60

Table 3.4.21 Summary of precision and accuracexperiments for FVPquantitation in saliva Acceptability for CV and bias +20% for LLQ, +15% for LQC, MQC and
HQC. SDustandard deviation, CVicoefficient of variation.

Inter -day 0.45 0.06 1255 -5.32 1.06 0.10 899 -4.00 | 5.43 0.32 580 -454 | 55.73 2.96 5.32 -1.94

Intra-day 0.40 0.02 4.83 -14.04 1.06 0.06 5.82 -3.64 5.30 0.20 3.76 -545 | 5496 1.80 3.28 -2.30
Table 3.4.22 Precision and accuracy data for the measurement of FVP in ocular fluid collected d@imS Acceptability for CV and bias +20% for LLQ, £15% for LQC,
MQC and HQC.SDustandard deviation, CVicoefficient of variation

Inter -day 0.53 0.04 8.06 13.70 1.17 0.09 7.87 6.41 5.86 0.34 5.72 459 | 57.74 3.85 6.67 2.65

Intra-day 0.55 0.03 5.26 14.47 1.20 0.11 8.79 9.39 5.58 0.22 3.93 -0.42 | 55.90 2.98 5.32 -0.62
Table 3.4.13 Precision and accuracy results for determination of FVP in nasal secretions collected using SAM stripsceptability for CV and bias +20% for LLQ,
+15% for LQC, MQC and HQGSDuwstandard deviation, CVitcoefficient of variation
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3.4.2 Matrix andRecovery

Recovery of FVP from saliva was 97% and the overall matrix effect was minimal at 101%. Results are

detailed in table 3.4.2-1.

The recovery of FVP fromTSwvas 53% with matrix effect calculated as 114.5%. For the nasal swab assay,
overall recovery was 98% with matrix effect of 104.9%. Area ratio was used for the nasal swab assay
calculations, due to fluctuations in the ISresponse. Results are summarised in tables 3.2-2 and 34.2-

3.

Recovery and Matrix Effect for Determination of FVP in Saliva, Tears and Nasal Secretions

3.8 9305 9626 9267 0.03 0.03 103.4 96.3 99.6 83.3
150 419,489 423,223 372,908 0.94 0.98 100.9 95.4 88.9 103.7
3750 10,236,313 10,071,975 9,257,154 21.73 23.63 98.4 99.9 90.4 108.8

Table 3.4.21 Recovery and matrix effecfor quantitation of FVP in saliva MEwmatrix effect, REwrecovery, PEw
process efficiency

1.1 140,755 171,296 90,319 0.01 0.01 121.7 52.7 64.2 100.0
5.6 517,055 643,757 361,006 0.04 0.03 124.5 54.1 69.8 66.7
56.25 5,493,230 5,352,133 2,803,858 0.37 0.22 97.4 52.4 51.0 59.7

Table 3.4.22 Matrix effect and recovery data foquantitation of FVP in ocular fluid (TTSMEwmatrix effect, REw
recovery, PELprocess efficiency

11 0.06 0.06 0.06 108.6 94.7 102.9
5.6 0.32 0.32 0.30 100.0 95.8 95.8
56.25 3.15 3.35 3.45 106.2 102.9 109.4

Table 3.4.23 Summary of recovery and matrix effect fajuantitation of FVP in nasal secretions (SAMMEwWwmatrix
effect, REwrecovery, PHELprocess efficiency

87



3.4.3 Stability

QC samples left on the benchtop at ambient temperature for 24 h were found to be stable. Samples
(LQC, MQC, HQC) stored in the autosampler at 4°C for 24 before being analysed using a freshly

extracted calibration curve were stable as well as processed QC sample extract stored in the refrigerator
at 2- 8 °C for 24 h. Samples reinjected after 36 h in the autosampler were found to be stable (Table 3.4.3

1).

Stability of FVP in PBS

Stability measured [FVP] Precision Accuracy
ng/mL (CV%) (%)
Bench-top (24 h) 3.8 9.32 24.93
150 2.37 4.14
3750 1.65 0.62
Processed (24 h) 3.8 7.99 -0.59
150 1.69 5.97
3750 2.19 5.45
Autosampler (24 h) 3.8 6.91 9.12
150 1.78 5.90
3750 2.26 3.83
Reinjection reproducibility (36 h) 3.8 4.29 3.64
150 0.83 8.98
3750 1.77 2.15

Table 3.4.31 Summary of stability experiments performed for FVP in PBIS = 6 per concentration level per stability
condition. CV wcoefficient of variation. Acceptability for precision and accuracy: £15%

3.5 Clinical Application

The described assays were used to measure FVP in saliva (n=30), nasal swabs (n=32)lar#n=32) from
participants enrolled on the AGILE CS® clinical trial (Chapter 6). Chromatograms taken from

participant samples are shown in Figure.4-1, 2 and 3
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3.6 Discussion

Two assays were successfully developed and partially validated for the determination of FVP in saliva
and SAMswabs/TTS Methods were found to be both precise and accurate (Tables 3.41, -2 and -3).
Recovery of the analyte from the matrix was > 90% for saliva and nasal swabs. For the TTS samples,
recovery was approximately 50%, however this is a phenomenon our laboratoimas noted with other

assays measuring aniSARSCoV-2 therapeutics in TTS (Amara, ers comms, 2024).

The LCMS/MS methods described allow for quantification of FVP from biological matrices that are
relevant sites of SARSCoV-2 transmission. The penetration of FVP into these compartments can be
assessed to determine the potential for FVP use as a prevente¢ as well as a therapeutic. It is also
particularly useful to measure drug in saliva, as saliva typically represents the unbound (i.e.
pharmacologically active) proportion of the drug rather than total (bound + unbound) concentrations
obtained from measuring drug in plasma. Assessment of FVP in saliva may also lend itself to TDM
applications due to the ease of collection compared to venepuncture. TDM may be useful in the case of
FVP due to its significant interindividual variability in PK, where monitaig of plasma concentrations may
provide early signals of patients who are failing to meet the target.£.4 S0 that dose adjustments could

be made.

Measurement of FVP in the matrices described may be of use for other viral diseases that are transmitted
via similar routes (e.g. Lassa) to assess efficacy of FVP at the site of transmission as well as prophylactic
potential for the disease under investigéion. The methods used for sampling of these matrices are
simple, cost-effective and noninvasive, offering opportunities for collection in the absence of highly

trained staff or expensive laboratory equipment as may be the case in resource limited settisg
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Chapter 4

AGILE CS¥6: Pharmacokinetics of Intravenous
Favipiravir in Plasma and Non-Plasma (Saliva,
Tears, Nasal Fluid)
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4.1 Introduction

FVP has been investigated as a therapeutic candidate for a number of viral infections, most recently
SARSCoV-2 due to its provenin vitro activity against several viral families, including coronaviruses. FVP
undergoes intracellular metabolism to form the purine analogue, FRTP, which competes with natural

purine nucleotides for incorporation into viral RNA (Figure 4:1).

Biotransformation Pathway of FVP into Inactive and Active Metabolites

CONH;

T ICONHz Incorpo:atlonF\[ I

Favipiravir Phospho-
ribosylation

AO cons, Phospho- CONH,

o
o X rylation
I ICONﬂz TENY X g Ho'Eio'g;o'gf_\(_\?[/ =

HO  OH

Favipiravir-RMP Favipiravir-RTP

T-705M1 Active form
Inactive form

Figure 4.11 FVP biotransformation pathwayDu and Chen, 2020ajncluding inactive metabolite (M1) and active
form (FRTP). AQualdehyde oxidase, RMRwribofuranosyl monophosphate, RTRwibofuranosyl triphosphate

FVP acts as an inhibitor of its own metabolism by inhibition of AO activity in a concentratia@ependent
manner. Animal studies conducted in hamsters noted that this effect resulted in higher doses of FVP
leading to greater increases in concentrations of ¥P (Driouich et al., 2021) The haltlife of FVP when
administered orally is 2.5T 5 h with a Tax0f approximately 2 h(Agrawalet al., 2020) Animal studies
conducted in dogs and monkeys have indicated that elimination halfife increases with ascending and
repeated doses of FVRPMDA, 2014; Agrawadt al., 2020) When administered orally at a dose of 1600
mg BD on day 1 followed by 600 mg BD for 4 days, the mean FVR 8 51500 ng/mL(Joshiet al., 2021)

At lower doses when taken with food G.x decreases, but on receipt of higher doses or multiple doses,
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inhibition of AO (and therefore increased FVP concentrations) counteracts the foethduced reduction
in Crax (PmpA, 2014y FVP has reported protein binding o#50% therefore clinical trials for COVIP19 have
targeted total plasma concentrations of > 20000 ng/mL to achieve free drug concentrations more than

the EGyo of 9700 ng/mL (61.88 ~(¥Wanget al., 2020b)

Despite promisingin vitro evidence for the utility of FVP against several RNA viruses, such as Ebola virus,
CCHPFvirus, Lassa fever virugOestereichet al., 2016; Bixleret al., 2018; Hawmanet al., 2020)alongside
SARSCoV-2 and influenza, clinical trials in humans have not always demonstrated a clear artiral
effect or clinical benefit (Table 4.11). The JIKI triglSissokoet al., 2016)investigated high dose FVP (6000
mg on day 1 followed by 2400 mg on days1210) for the treatment ofEVDduring the Ebola epidemic in
Guinea in 2014t 2015. The trial found that, inparticipants receiving FVP within 72 h of symptom onset
compared to others, mortality at 14 days (primary endpoint) and RNA viral load (secondary endpoint)
were not significantly different. Drug measurements obtained from day 2 and day 4 of treatment were
lower thanthe targeted value of 51000 ng/mL. This target was deriveaifn in vivo(mice) andin vitrodata

on FVP efficacy against Ebola virus to estimate the target plasma concentration in humans which was
then modelled to establish the dosing regimenMentré et al., 2015; Sissokoet al., 2016) Investigators
observed an unexpected drop in FVP plasma concentration on day 4; it was unclear if this decrease in
FVP concentration was related to the severe disease state of thparticipants or to the intrinsic properties

of FVP metabolism (i.e. autoinduction]Nguyen et al., 2017) It remains to be seen whether the
suboptimal plasma FVP concentrations were a factor in the lack of virological response or improved

clinical outcomes.

Such high doses of oral FVP are a concern due to the high pill burden. The oral tablet formulation is 200
mg therefore, to attain doses of 6000/2400 mg, patients would be required to take a total of 30 tablets
on day 1 followed by 12 per day thereafter. lhospitalised patients where doses may be observed,
adherence may be easier to manage, however in the community patients may struggle to remain

committed to taking such a large number of tablets. Similarly, in clinical trials investigating FVP for
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treatment of influenza, there was an apparent decrease in FVP plasma concentrations over time, even
at the higher dose (1800/800 mgjWanget al., 2020d; Haydenet al., 2022) Interindividual variability in
FVP plasma concentrations is also a widely reported phenomenon, irrespective of the dose
administered. The JIKI trial reported a wide range of F\@R.,q» 0N both day 2 (2300r 106900 ng/mL) and
day 4 (0r 173200 ng/mL). Furthermore, this variability has been noted in influenza trials, where reported
Cnaxand Cuin were 35007 180000 ng/mL and Or 117000 ng/mL, respectively(Hayden et al., 2023b)
Differences in PK have been attributed to weight, critical illness and ethnicitfPMDA, 2014; Nguyermet

al., 2017; Hayderet al., 2023b)

These factors contribute to the difficulty in selecting the appropriate dose when considering FVP as an
effective treatment against an emerging virus, such as SARS0V-2. Moreover, there have been a number
of additional reasons postulated for the apparentack of virological response in patients receiving FVP
for COVID 19, despitein vitro evidence indicating that FVP inhibits SARE0V-2 replication (Kaptein et
al., 2020; Shannoret al., 2020; Driouichet al., 2021) The relative higher E&for FVP against SARE0V-

2 compared to influenza A (9700 vs 180 ng/mL) may lead to difficulties in attaining and maintaining

therapeutic plasma FVP concentrations(Furutaet al., 2002)in patients with COVID19 disease.

To this end, there have been conflicting reports as to the utility of FVP in the treatment of COMI® Initial
reports from China suggested that hospitalised patients with mileto-moderate COVIB19 may exhibit
improvements in CT chest imaging and fasteriral clearance when treated with FVP (1600 mg BD loading
dose followed by 600 mg Bor 14 days) compared to patients who did not receive F\{Eaiet al., 2020)
Similarly, case reports from Russia (1600/1800 mg BD loading dose followed by 600/800 mg BD for 14
days), and Japan (1800/800 mg BD for 1014 days ) indicated that treatment with FVP in hospitalised
COVID 19 patients resulted in faster time to negativd®CR compared to patients receiving the standard

of care (SoC) and reduction in oxygen requirementgDoi et al., 2020a; lvashchenkoet al., 2020;
Murohashi et al., 2020) An observational study and a randomised trial that both investigated FVP

administered at 1600 mg BD on day 1 followed by 600 mg fo(l&e et al., 2020)or 10 days(Chenet al.,
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2021)reported some possible use of FVP in treating hospitalised patients with COAL®. Irie et al.(2020)
observed that critically ill patients had much lower FVP plasma concentrations than previously observed
in healthy volunteers and that some improvement was noted in 3 (of 7; 43%) patients by day 14 but the
role of FVP in this improvement is uncleaflrie et al., 2020) Chenet al. (2021) noted that FVP did not
significantly improve clinical recovery by day 7 but did lead to faster resolution of pyrexia and cough

(Chenet al., 2021)

Several larger randomised trials indicated that FVP may not be as effective as first postulated. In an open
label study in India, 150participants were randomised 1:1 to receive FVP or control regimen. FVP was
administered as 1800 mg BD on day 1 followed by 800 mg thereafter for up to 14 days. This trial found
that early administration of FVP may reduce the duration of symptoms for those with miith-moderate
COVID19 but the utility of FVP beyond this was uncertaifiJdwadiaet al., 2021) In Iran, a randomised,
open-label trial investigating FVP (1600 mg on day 1, 600 mgd thereafter) administered to patients
hospitalised with severe COVIB19 found that FVP did not lower the risk of admission to ICU, intubation,
mortality or length of hospital stay compared toparticipants who received ritonavirboosted lopinavir
(SolaymaniDodaran et al., 2021) A trial of 500participants (250 FVP; 1800 mg BD loading, 800 mg BD
up to 5 days) hospitalised and at high risk of progression to severe COVID, conducted in Malaysia also
found that treatment with FVP did not prevent disease progressioRarticipants who were in the FVP arm
did not have a reduced incidence of mechanical ventilation, ICU admission or mortality during
hospitalisation compared with participants who received the SoGChuah et al., 2022) A further three
trials in Saudia Arabia, USA and Australia investigated FVP in both inpatients and outpatients with varying
COVID 19 disease severity. All trials used the same dosing regimen of 1800 mg BD day 1 followed by
800 mg BDfor either 7(Bosaeedet al., 2022) 10(Holubaret al., 2022)or 14(McMahonet al., 2022)days.

All of the trials reported similar outcomes in that there was no benefit of FVP in the treatment of COVID
19, with no difference in time to recovery imparticipants receiving FVP compared to those who received
placebo irrespective of disease severityBosaeedet al., 2022; Holubaret al., 2022; McMahonet al.,

2022). There are several reasons postulated for the apparent lack of clinical benefit, such as the high
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EGy target for SARSCoV-2 (compared to influenza), suboptimal dosing/insufficient plasma FVP
concentrations, high pill burden, timing of dosing in relation to viral replication and the study

population/ethnicity.
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Norovirus 400 mgt.i.d Paediatric, 148000* - - -
chronic enteritis immunocompromised
1)
Astrovirus CNS 400 mgt.i.d Paediatric, 154000* - - -
infection immunocompromised
Bekegnran et al. )
RSV upper 200 mgt.i.d Paediatric, 10100* - - -
(Bekegnranet al., . . .
respiratory tract immunocompromised
2023) . .
infection Q)
Enterovirus 200 mgt.i.d Paediatric, 81100* - - -
encephalitis immunocompromised
1)
Sapovirus 400 mgt.i.d Paediatric, 50000* - - -
chronic enteritis immunocompromised
1)
Abd Allah et al - 200 mg single Healthy adults (32) 2369-10970 5386 - 0.331 0.851
(Abd Allah et al., dose 20114 2.00 2.14
2022)
Morsy et al - 200 mg single Healthy adults (26) 2944 -10569 5373- 0.16T1 0.89T1
(Morsy et al., dose 61474 2.33 4.68
2021)
Resk et al (Rezk - 200 mg single Healthy adults (30) 3036-11584 7787 - 0.2571 0.850
et al., 2021) dose 29892 3.00 2.34
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Saraner et al - 200 mg single Healthy adults (29) 3771-7436 - 7096 - 0.17T1 1.0171
(Saraneret al., dose 12033 2.50 1.57
2021)
Siripongboonsitti - 200 mg single Healthy adults (24) 6300- 10300 - 8800- 0.20T 0.70T
et al dose 35000 1.50 2.70
(Siripongboonsitt
ietal., 2023)
PMDA (PMDA, - 200 mg single Healthy adults 8390 19670 0.5 15
2014) dose
1600 BD Patients critically ill - 30000 - - -
loading, 600 mg  severe disease (16) (Day 2); 2900
BD (Day 10)
Wang et al (Wang Influenza maintenance . ~ .
et al., 2020d) 1800 BD Patients critically ill - 36300 - - -
loading, 800 mg  with severe disease (Day 2);
BD (29) 3800
maintenance (Day 10)
Suemori et al Severe fever with 1800 mg BD  Hospitalised patients 10000T 150000* - - -
(Suemori et al., thrombocytopenia loading, 800 mg with SFTS (23)
2021) syndrome (SFTS) BD
maintenance
Nguyen et al EVD 6000 mg Patients withEVD - 230071 106900 - - -
(Nguyenet al., loading, 1200 (Day 2);
2017) mg BD 0-173000 (Day 4)
maintenance
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Kreins et al Norovirus 2007400mg  Immunocompromised - 10000 - - -
(Kreins et al., t.i.d children/adults (4) (200 mg); 154000
2024) T 159000 (400 mg)
Hayden et al Influenza 1600 mg BD Adults with acute 3500- 180000 0-117000 - - -
(Hayden et al., loading, 600 mg influenza (836)
2022) BD
maintenance
Favie et al (Favié Influenza 400 mg BD Patient undergoing 4430 - 8900 0.21 1.28
et al., 2018) continuous
venovenous
hemofiltration (1)
Onmaz et al COVID19 1600 mg BD  Patients with COVID 1730132880 - - - -
(Eryavuz Onmaz loading, 600 mg 19 (55) (Day 1);
et al., 2021) BD 700-34399
maintenance (Day 25);
650713570
(Day 6 8)*
Finberg et al COVID19 1800 mg BD  Hospitalised patients 43100- 52900 28907112100 - - -
(Finberget al., loading, 1000  with PCRconfirmed
2021) mg BD COVID19 (50)
maintenance
Irie et al (Irie et CoVvIDb19 1600 mg BD  Hospitalised patients 1000- 45600 - - - -
al., 2020) loading, 600 mg on ICU, requiring
BD mechanical
maintenance ventilation (7)
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Iwata et al (Iwata COVID19 1800 mg BD Hospitalized, 50000T1 80000* - - - -
et al., 2024) loading, 800 mg unvaccinated patients
BD at risk of severe
maintenance COVID19 (84)
Lou et al (Lou et COVID19 1600/2200 mg Hospitalised patients 20071 23400 (Day 2); - - - -
al., 2021) loading, 600mg (30) 0-50500 (Day 7) *
t.i.d
maintenance
Lowe et al (Lowe CoVvID19 1800 mg BD Outpatients with 25007 120000 - - - -
et al., 2022) loading, 400 mg COVID19 (240) (pre-dose);
QD 110007 130000
maintenance (post dose) *
Sirijatuphat et al COVID19 1800 mg BD  Hospitalised patients 14500- 201200 12100- 132200
(Sirijatuphat et loading, 800 mg  without pneumonia
al., 2022) maintenance (62)
Koseki et al CoVID19 1800 mg BD  Asymptomatic or mild 324071178540 -
(Koseki et al., loading, 800 mg disease (66) (Day 6);
2022) maintenance 01129580
(Day 11)

Table 4.2 Summary of FVP PK characteristics. * denotes plasma concentration without a defined time pedbse rather than Gaxvalue. BD- twice daily, t.i.d -
thrice daily, QD- four times daily, Cnax LUMaximum concentration, Cyougn LLErough concentration, AUCwarea under the concentrationttime curve, Thax LLtime to
maximum concentration, t,,; whalf-life
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Data on the penetration of FVP into noiplasma compartments (e.g. saliva, tears, nasal secretions) is
limited; characterising the PK of FVP at such sites is crucial as compartments may serve as viral
reservoirs or exhibit altered viral kinetics compared t@lasma. SARSCoV-2 is likely able to establish an
infection in tissues beyond the respiratory tract given the widespread expression of the ACE2 receptor
throughout the bodyT including on the ocular surface, in the nostrils and oral mucosgSungnaket al.,
2020; Grajewskiet al., 2021; LunaMazzola, 2022) Therefore, penetration of FVP into these sites can help
reduce viral load, prevent related symptoms (e.g. conjunctivitis) and minimise the risk of transmission.
Ocular symptoms are of particular concern due to the potential for sightelated sequelae, asnoted by
several case reports(Chenet al., 2020a; Wanget al., 2020a) Passage of drug from the blood into non
plasma compartments may also be the cause of unwanted side effects, such as neurological symptoms.
Indeed, a case report from 2021 documents the incidence of acute psychosis in a patient treated with
FVP for COVIEL9 (Duyan and Ozturan, 2021)Such side effects can be troubling for patients and can

exacerbate difficulties in adhering to the prescribed regimen.

If virus is allowed to persist in sanctuary sites, viral rebound may occur where infection is-established
following cessation of treatment. In the case of COVIEL9, persistence of SARSCoV-2 in reservoir
tissues may be a contributing factor in the deviepment of post-acute sequelae (long COVID).
Furthermore, development of chronic disease due to persistence of virus in such reservoirs has been
observed for other singlestranded RNA viruses, such as Ebola, Zika and measles virugsoal et al.,
2023). Incomplete viral clearance has the potential to result in the generation of immune escape
mutations. This is of primary concern in immunocompromised individuals where immune escape
mutations have been observed leading to quasispecies development with résfance to monoclonal
antibodies in the absence of exposure to monoclonal antibody treatmentgFournelle et al., 2024) The
presence of drug at subtherapeutic levels in such sites may also induce treatment resistance. Mutations
induced by antivirals has already been noted in SARS0V-2 isolates, such as molnupiravirinduced
mutations identified since its approval for usein 2022 (Fountain-Joneset al., 2022; Sandersonet al.,
2023). Whilst such mutations did not confer resistance to molnupiravir, clusters were found whereby
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molnupiravir-mutated virus was transmitted between individuals. Therefore, if a resistant mutant was to
emerge as a result of subtherapeutic exposures, it is likely that it would be transmissible between

individuals, reducing the pool of already limited teatments for COVID19.

In order to overcome the aforementioned challenges, the AGILE C$Ttrial investigated a novellV
formulation of FVP inparticipants hospitalised with COVID19. PBPK modelling indicated thatV dosing
would lead to higher sustained plasma FVP concentrations than seen with oral dosing, leading to higher
levels of the active intracellular metabolite (FRTPJPertinez et al., 2021) The CST6 trial aimed to
characterise the efficacy and PK of IV FVP following dose escalations in COMID patients. The trial
opted for a target Gough Of 24900 rg/mL, equivalent to thein vitro ECyofor SARSCoV-= Wbl N R\Wdbget b
al., 2020b) Furthermore, AGILE CS® sought to characterise the PK of FVP in anatomical sites relevant
not only to SARSCoV-2 transmission, but also other infectious diseases for which FVP may be a
candidate treatment, including the salivary, nasal and ocular compaments. Data on the
HYOGGel qalWUqcta Rt ¢cqRYUWYnW[ éAWRY WaeHt RUNWeUT Ws Yedl
prevent onward transmission of viruses via these routes. It is also imperative to understand the
penetration of FVP into norplasma compartments to establish whether complete viral clearance may

be achieved.

4.2 Materials and Methods

4.2.1 CST6 StudyDesign

CST6 is part of the Seamless Phase I/lla Platform for the Rapid Evaluation of Candidates for COX{D
(AGILEproup of clinical trials evaluating therapeutics for the treatment of COVIEL9. The AGILE suite of
trials encompasses a multicentre, multi-candidate, multi-dose, multi-stage randomised phase /Il
Bayesian adaptive design to establish the safety and efficacy oéseral candidate agents, allowing them

to be investigated simultaneously to boost efficiency compared to multiple singlecandidate studies.
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AGILE CS® was a parallel group, randomised phase | trial to assess safety, tolerability and efficacy of

IV FVP administered to hospitalised patients with COVH29. The first phase, which is reported in this
thesis, was a dose finding phase. This phasestudy was conducted open label with escalating doses of

IV FVP (600 mg, 1200 mg, 1800 mg and 2400 mg) compared with the SoC in use by the NHS Trust at the
time. Participants were recruited in four cohorts of 6 patients and randomised 2:1 to receive eithév

FVP or SoC (Figure 4.2-1). IV infusions were administered for 1 h every 12 h for 7 days.

As with other trials under the AGILE platform, dose escalation was informed via the Bayesian adaptive

design of the platform (Khooet al., 2021; Walkeret al., 2022) The probability of dose limiting toxicity

(DLT)at day 8 and 29 in both th&soCgroup and each dosing cohort was estimated using a dose toxicity

model (Mozgunovet al., 2019}0lI? x NlWs ¢+ WI Wn RUWT Wet wWwe U we'l 2131+ 3wz i
common terminology criteria for adverse events, CTCAE v5), possibly or probably related to FVP. For a

dose to be considered unsafe, the chance that the treatment was associated with 30% increase in the

Gl YACHRORq! WYnw?2x NWwWY#HH2I | RUNDWA! WT ¢! WY Ws ¢t Wy W=PE L
¢t t RDURUNWHCEz2t ¢clRq! WYnNW¢caGW Ef WyWNI ¢T JWOWSs Raé Waqé
included into the model as DLTs. Usig the Bayesian model, a course of action was recommended based

on the anticipated risk of DLT for the following dose. All available safety data were reviewed by the trial

Safety Review Committee (SRC) to determine how the trial should proceed.

The primary objective of the CS® trial was to determine the safety and tolerability of multiple doses of
IV FVP in hospitalised patients with COVH29 and to establish the maximum safe dose of IV FVP for
efficacy evaluation in phase Il. This was assesseda AEs serious AEs and DLTs up to day 8. Secondary
aims were to characterise the PK of multiple doses of IV FVP in plasma and Aglasma (saliva, nasal
secretions, tears) and to characterise PK of the active intracellular metabolite,-RTP, irperipheral blood
mononuclear cells (PBMQ and dried blood spots. Theplasma PK target for Day 3 prelose (trough) was

set at 24900 ng/mL, equivalent to the FVP kgestablished in Vero E6 cellfWanget al., 2020b)
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AGILE CS76 Trial Design

Safety review conducted following completion of each cohort before continuation of the next dose

Cohort 1 Cohort 2 Cohort 3 Cohort 4
(600 mg BD) (1200 mg BD) (1800 mg BD) (2400 mg BD)
4 2 4 5 a4 2 4 2
patients patients patients patients patients patients patients patients
IV FVP SoC IV FWVP SoC IV FVP SoC IV FVP SoC

Figure 4.2.21 Summary of trial design and randomisatioffor the AGILE CS% clinical trial. SoC wstandard of care, IV FVRintravenous favipiravir, BDwtwice daily
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4.2.2 Inclusion/Exclusion Criteria

Participants were eligible for inclusion on the CS®B trial if they were aged over 18 years and had
laboratory confirmed (by PCR) SARS0V-2 infection within the last 7 days and symptom onset within
the previous 14 days. These patients must have been classed as hagisevere COVIEL9, in hospital
and requiring oxygen by either mask, nasal prongkigh-flow oxygen or noninvasive ventilation. Women
of childbearing potential and sexually active males agreed to use highly effective methods of
contraception from the date of first drug administration, throughout the duration of the trial and for 7

(males) or 14 (females) days following the last dose.

Individuals were excluded if liver enzyme tests were abnormal (AST/ALT > 5 times upper limit of normal)
or were identified as having severe chronic kidney disease. Those who were pregnant or breastfeeding
were ineligible along with patients expected to béransferred to a nontrial site within 72 h. Finally, those
with a known allergy or participating in another trial of an investigational medicinal product within 30

days were not permitted to enrol on the CS® trial.

All participants provided written informed consent prior to enrolment. The trial protocol was approved
by the UK MHRAand ethical approval was obtained via National Health Service Research Ethics

Committee (20/WM/0136).

4.2.3 SampleCaollection

Plasma and nonplasma samples for pharmacokinetic analysis were collected prior to administration of
the first IV infusion (predose), and between 0 to 12 h upon completion of the infusion on Days 1, 3 and
5, as indicated in Table 4.2.3L. Considering theseverity of illness of theparticipants on the trial, a
pragmatic approach was used for sampling timepoints, which were allocated as time windows following
completion of the first IV infusion (Table 4.2.3L). Whole blood (2 mL) was collected in &£DTA tube (for
dried blood spots and plasma), and in cell preparation tubes (CPT, 8 mL) for the isolation of PBMCs via

venepuncture. Saliva was collected using Salivett#tubes. In brief, theparticipant chewed on the swab
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for approximately 30T 60 seconds andreturned the swab to the Salivettet tube for downstream
processing in the lab. Tears were collected using SchirmefFTSinserted under the lower eyelid for 5
minutes (Figure 4.2.31). The approximate volume of tears (in pL) was recorded using the graduated
markings on the strip (maximum volume of 35 pyL). SAM swabs were used for the collection of nasal
secretions (Figure 4.2.31). The applicator is placal inside in the nostril, flat against the inferior turbinate.
After 60 seconds, the swab is removed and returned to the tube. SAM strips were pneighed to
TRUqUl GRONWaE IWhHhT | ! K LFDIGRNG GadleldtiGr, &1 $dmiples Y(eddept toiiaPH) aquirdy U

placed on wet icefor transfer to the laboratory for further processing.

Schirmer's test

Filter paper

Tears /

Figure 4.2.31 Collection procedures for tears (left) and nasal secretions (righffom participants on the AGILE
CST6 trial
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Sample Type and Collection Timepoints for Pharmacokinetic Analysis

Plasma K:EDTA X X X X X X
Dried Blood Spot HemaSep® card X X X X X X
PBMC CPT X X
Saliva Salivette® X
Nasal secretions SAM swabs X
Tears ERGRI TMSI Kk f X

Table 4.2.31 Summary of samples andcollection windows for pharmacokinetic analysis SAMusynthetic absorptive matrix, TTS&utear test strip, hwhour, EDTAuU
ethylenediaminetetraacetic acid, PBMCuperipheral blood mononuclear cells
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4.2.4 Sample Processing

Prior to centrifugation, KEDTA whole blood was immediately spotted onto the HemaSep plasma
separation card. Exactly 2 x 100 uL of blood was spotted into the centre of the inner circle without the

pipette touching the filter paper. Cards were left to dry for a minimum of 10 minutebefore being
transferred into individual ziplock bags containing desiccant and a humidity indicator. Following this,

the K,EDTA tube was centrifuged (2008 g 10 minutes, 4°C) to obtain the plasma, which was aliquoted

into 2 x 1.8 mL cryovials. Salivetttubes were centrifuged (1000« g 2 minutes, 4°C) to draw the saliva

from the swab into the bottom of the collection tube and then aliquoted into 2 x 1.8 mL cryovials. SAM

gl RGt Ws W WWs RN UT WaqYWYAqé RUWaS IWh s IqK Ws WRNE qlbiq’
thensubtrc Hq T Wnl YO Waqé WWhs Dk Ws JRNEqaVY W Waqlll § RULDWq6 1JU
x g, 20 minutes, no brake) at room temperature and the PBMC layer removed into a Falcon tube. Cell
suspensions were washed and supended in PBS then centrifuged to obtain the cell pellet. Once the
supernatant was removed, the pellet was resuspended in PBS and cells counted using a
NucleoCounter® NCG200¢# automated cell counter. The pellet was finally resuspended iMeOH-H,O

(70:30, v/v).TTSrequired no further processing after collection. All samples were stored a80°C within

180 minutes of sample collection.

4.2.5 Bioanalysis

Concentrations of FVP and RTP in the various matrices were determined by LRSMS using the

validated assays described in Chapters 2, 3, 5 and 7. Samples were analysed in singlet.
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4.2.6 Pharmacokinetic and Statistical Analysis

PK parameters, including the maximum concentration (&), time to maximum concentration (Tax),
trough concentration (Grougn), time of the last measurable concentration (ils) and the last measurable
concentration over the sampling period (Gs) post completion of the first IV infusion on day 1, 3 and 5
were obtained from the concentrationtime profiles. Area under the concentrationtime curve from 0 to

6 T 12 h (AUG..st) Was calculated for days 1 and 3 using actual sampling times postompletion of IV
infusion using noncompartmental analysis [WinNonlin software (Pheonix 64, v8.3, Certara, Radnor,
PA)]. It was not possible to calculate terminal haffife (t) due to the requirement for three consecutive
decreasing concentrations, which was not captured by the sampling scheduleéSamples that were below

the assay LLQ on day 1 at predose were assigned a concentration of 0 ng/mL. All other samples < LLQ
were assigned a concentration of ¥2 LLQ; 500 ng/mL (plasma), 0.75 ng/mL (saliva) and 0.235 ng/sample
(tears and nasal secretions). For th& TSand nasal swabs, ng/sample assay outputs were converted to
ng/mL for PK analysis using the swab weights (1 mg = 1 L) for nasal samples and tear strip volumes. PK
outputs were expressed as geometric means (GM) with related 95% confidence intervals (95%).Cl
Geometric mean ratios (GMR) between day 1 and day 3 were calculated for each PK parameter. inter
and intra-individual variability in FVP concentrations was evaluated by calculating the coefficient of
variation [%CV = (standard deviation/mean) x 100]. SigmaPlot (version 14.5, Grafiti, Paolo Alto, CA) was

used for correlations.

FVP concentrations in plasma and nofplasma compartments were related to a target Gougn Of 24900

ng/mL, equivalent to thein vitro ECyofor SARSCoV-= WbINP ® L, ~ b LW
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4.3 Results

4.3.1 Demographics

Twenty-seven participants were screened for eligibility of which 24 were enrolled in the trial and
underwent randomisation. A total of 16articipants received IV FVP (7 assigned female at birth; 43.8%)
and 8 received SoC treatment (3 assigned female at birth, 37.5%). All participants randomised to the
treatment arm received at least 1 dose of FVP, with 13 completing the full course. Threarticipants (1
from each of 600 mg, 1800 mg and 2400 mg cohort) did not complete the fullday regimen due to
discharge from hospital. Oneparticipant on the SoC arm withdrew consent from the study prior to
planned follow up at days 8, 11, 15 and 29. The median (range) age, weight, BMI, number of days with
COVID 19 symptoms ofparticipants on the FVP arm were 76.5 years (583), 78.6 kg (52.T 125), 27.8
kg/m?(19.1-43.4), 5.6 days (21 11), respectively. Allparticipants were Caucasian with fifteen defining
themselves as White British, with one identifying as being from any other White backgrour@articipants

had generally received at last one dose of a vaccination against COVH29 prior to hospitalisation (Table
431-Nb OWRNG 31 3wWws 131 3wWOY Wt 1IAERINae welldl YohsiHéred 2elated ILRYR. LTFhsiert 1J WO b
hyperuricaemia was observed, particularly in the higher dose cohorts, but this has been reported in
other trials investigating FVP(Doiet al., 2020a; Doiet al., 2020b; Chenet al., 2021; Udwadiaet al., 2021;

Holubar et al., 2022)and resolved following completion of treatment.
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Demographics of Participants on the AGILE CST-6 Trial

Age at consent, years

Female

Male

White English, Welsh, Scottish, Northern Irish,
or British
Any other White background

BMI, kg/m?

Time from symptom onset to randomisation,

days

No

Yes

75.5 (5293)

7 (43.8%)

9 (56.2%)

15 (93.75%)

1 (6.25%)

27.8 (19.1:43.4)

5.6 (211)

2 (12.5%)

14 (87.5%)

71.3 (57-81)

3 (37.5%)

5 (62.5%)

8 (100%)

0 (0%)

28.8 (21.836.2)

6.4 (412)

2 (25%)

6 (75%)

Table 4.3.21 Summary ofparticipant demographics for AGILE CS® treatment and standard of care arms. BMilu

body mass index, SoQustandard of care




4.3.2 FavipiravirPlasma Pharmacokinetics

FVP was safe and well tolerated up to and including 2400 mg, even considering theroorbid nature of
the participants on the trial and their significant frailty. FVP concentrations and exposure (Allg:)
increased with ascending doses, but this was not doseroportional, with substantially higher FVP levels
in the 2400 mg cohort compared to previous cohorts (Figure 4.248). There was significant intersubject
variability (up to 137 % CV) (Figure 4.32, 4.2.3-2). FVP levels were below th&LQ (1000 ngimL) in all
Day 1 predose samples, all day 1 Gs samples (median 6.1 h), all Day 3 prelose and in 24% (1/4) Day 3
Ciast Samples in the 600 mg cohort. For all cohorts, maximum concentrations were achieved between
0.24 and 0.52 h post completion of the infusion. Accumulation of FVP, seen as increases in thg.&nd
AUG..st from day 1 to day 3, was noted in all dosing cohorts (Table 4.312 Figure 4.2.33). Day 3aGMFVP
exposures (AUG.ast) for the 600 mg (N = 3), 1200 mg (N=4), 1800 mg (N = 4) atd2ang (N = 4) cohorts
were 40272, 274470, 393358 and 969864 ng-h/mL (Figure 43R CorrespondingGM Cax Values were
16526, 61907, 85362 and 195067 ng/mL, respectively. Calculated.& on Day 1 were 2.Zold higher in
the 1200 mg cohort than the 600 mg cohort, and in the 2400 mg cohort compared to the 1200 mg cohort.
Exposures were approximately Jold higher in the participants receiving 2400 mg BD than in those
receiving 1200 mg BD on Day 1. A similar pattern was observed for Day 3 withx@nd AUG.a.s 3-fold

higher in the 2400 mg cohort than the 1200 mg cohort.

GMDay 3 Gougn (pre-dose) values were 500, 5494, 21164 and 75388 ng/mL. Day 3 joiese
concentrations exceeded the 24900 ng/mL target in 0%, 50%, 25%, and 75%pafticipants receiving
the 600 mg, 1200 mg, 1800 mg, and 2400 mg doses, respectivdlyparticipants that exceeded the
target Day 3 predose concentration, 83% (5/6) had a body weight < 80 kin those participants that did

not achieve Day 3 predose of > 24900 ng/mL, 70%/(10) had a body weight > 80 kg (Table 4.33)

In all cohorts, Day 5 FVP plasma levels were consistently higher than on Day 3 (Figure 413.2.3.2-2).
Median Day 5 FVP concentrations for the 600 (N = 3), 1200 (N = 4), 1800 (N= 3) and 2400 (N =.3) at C

(median 6.2 h) were 1339, 54521, 58394 and 91032 ng/mL.
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Pharmacokinetic Parameters for IV _FVP onDay 1 and Day 3n All Cohorts on the AGILE CST6 Trial

0.25 16481.19 6.16 500.00* 32936.47
Day 1 600, N=4 -
(0.17,0.38) (10064.94, 26987.71) (5.76, 6.60) (500.00,500.00) (18840.34, 57579.16)
0.39 38005.57 6.51 2814.13 103940.36
1200, N=4 -
(0.25, 0.59) (17819.76, 81057.38) (6.05, 7.01) (301.50, 26265.99) (40748.68, 265127.58)
0.24 52043.54 6.28 4278.91 131207.33
1800, N =4 -
(0.08, 0.73) (31566.43, 85804.14) (6.06, 6.51) (683.60, 26783.09) (63802.95, 269820.81)
0.34 88485.91 6.27 18757.80 286483.79
2400,N=4 -
(0.04, 2.96) (67051.98, 116771.44) (5.84, 6.73) (3115.83, 112925.05) (129928.53, 631677.74)
0.49 500.00* 16525.63 6.24 966.89 40272.46
Day 3 600, N =3
(0.10, 2.35) (500.00, 500.00) (10825.68, 25226.74) (5.69, 6.84) (233.99, 3995.41) (29069.66, 55792.58)
0.40 5494.05 61907.29 6.46 18548.67 274469.71
1200, N=4
(0.24, 0.68) (169.93, 177631.59) (23313.82, 164388.06) (6.05, 6.89) (1298.11, 265042.41) (81995.41, 918754.13)
0.29 21164.02 85362.38 6.19 47202.73 393357.59
1800, N=4
(0.07, 1.14) (8231.04, 54417.90) (54485.97, 133736.00) (5.88, 6.51) (24820.23, 89769.45) (231628.86, 668009.12)
0.52 75387.89 195066.50 6.29 119344.24 969864.00
2400,N=4
(0.11, 2.37) (15413.51, 368724.19) (91756.38, 414695.30) (5.90, 6.71) (49219.95, 289375.51) (459704.29, 2046176.62)

“below LLQ and imputed as % LLQ

#sample prior to first dose of the day; Day 1 = Co, Day 3 = Gougn
N =Number of participants in the evaluable population

Table 4.3.21. Summary ofFVPplasma PK characteristics, presented assM (95% confidence interval) for day 1 and day 3. Sample prior to the first dose of the day;
Day 1 = G, Day 3 = Gough. * Samples below the LLQ and imputed as %2 LLBD -twice daily, Gnax LLMaximum concentration, Tnax LEime of maximum concentration,
Ciast WiAsSt concentration, Tis: LLtime of last concentration, AUCwarea under the concentrationtime curve
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Median Day 5 FVP Plasma Concentrations and Times Post-Completion of Infusion

22100.93 0.40
0-1 600, N =3
(16688.55T 35010.19) (0.0370.82)
95850.42 0.58
1200, N = 4
(43249.927 185494.28) (0.0270.62)
95410.69 0.17
1800, N =3
(92892.28T 175120.84) (0.0870.18)
187893.57 0.28
2400, N = 3
(171432.87- 245331.10) (0.23-0.47)
1338.60 6.22
6-12 600, N = 3
(500.00T 4350.27) (6.007 6.25)
54521.38 6.22
1200, N = 4
(4915.90T 131224.77) (6.00-6.52)
58394.12 6.08
1800, N =3
(51497.477 92312.43) (6.0876.48)
91031.61 6.28
2400,N =3
(71519.86T 258462.56) (6.2876.57)

Table 4.3.22 Summary (median [range]) of day BVPconcentrations and time postinfusion. BDuwtwice daily, hwhour, Nwnumber of participants
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Concentration -time Curves for All Cohorts, All Participants on the AGILE CST-6 Trial
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Figure 4.3.21 Favipiravir concentrationtime curves for all cohorts stratified by study day in hospitalised COVHD9 patients receivinglV FVP600 mgBD over 1h

(cohort 1: yellow closed markers, solid lines), 1200 m@D over 1h (cohort 2: blue closed markers, solid lines), 1800 m@D over 1h (cohort 3: pink closed
markers, solid lines) and 2400 mg over h (cohort 4: purple closed markers, solid lines)
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Geometric Mean Concentration -Time Curves for All Cohorts on the AGILE CST6 Trial
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Figure 4.3.22 Geometric mean FVP plasma concentrations vs geometric mean actual time pesbmpletion of infusion for all cohorts, stratified by day. Error bars

represent the 95% confidence interval.
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Box-and-Whisker Accumulation Plots for Days 1, 3 and 5, Stratified by Dose
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Figure 4.3.23 Accumulation of FVPin plasma from Day 1 to Day 5 at4@.2 hpost-completion of infusion, stratified by cohort; 600 mg (cohort 1; yellow), 1200 mg
(cohort 2, green), 1800 mg (cohort 3, blue) and 2400 mg (cohort 4, grey)
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Geometric AUC vs. Dose for All Cohorts on the AGILE CST6 trial
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Figure 4.3.24 Plot of GMAUG..st VS dose (mg) for all cohorts. Error bars represent the 95% confidence interv&lUCLarea under the concentrationtime curve
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FAV1049001 600 500* 63.7
FAV1049005 600 500* 57.2
FAV1049006 600 500* 72.9
FAV1049007 600 500* 83.3
FAV1049008 1200 33017 53.4
FAV1049010 1200 500* 85.6
FAV1049011 1200 37105 56.0
FAV1049012 1200 1488 107.0
FAV1049015 1800 46167 68.4
FAV1049017 1800 12150 125.0
FAV1049018 1800 14879 81.7
FAV1049020 1800 24039 89.0
FAV1049022 2400 24459 98.8
FAV1049024 2400 44024 100.1
FAV1049025 2400 148950 52.1
FAV1049026 2400 201389 75.4

Table 4.3.23 Participant Day 3 predose FVP concentrations and body weight. * denotes sample that was below
the LLQ (1000 ng/mL) and assigned %2 LLQ.
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4.3.2.1 600 mg dose (Cohort 1)

Four participants completed Days 1 and 3 of treatment, with thregatrticipants remaining by Day 5. On
Day 3, a singleparticipant (005) exhibited markedly lower concentrations (Gax = 4169.83 ng/mL) which
was due to a blood sampling error. Their Day 3 PK parameters are presented in Table 4.32Hut are
excluded from the summary statistics (Table 4.3.21). On Day 1, time to reach maximum concentration
[Tmaxs GM (95% CI)] was 0.25 (0.170.38) h. GM (95% CI) were 32936.47 (18840.34, 57579.16) ng-h/ml
for AUG.astand 16481.19 (10064.94, 26987.71) ng/mL for.&. All concentrations were below the assay
LLQ at the final 6r 12 h timepoint [T.s of 6.16 h (5.76t1 6.60)]. On Day 3 all pradose (G) samples were
below the LLQ and therefore assigned a concentration of 500 ng/mL. The DaynaWas 0.49 (0.10, 2.35)

h with Tas Of 6.24 (5.69, 6.84) h. GM (95% CI) for AbiG: and Cuax Were 40272.46 (29069.66, 55792.58)
ng-h/mL and 16525.63 (10825.68, 25226.74) ng/mL, respectively. Interindividual variability was notable

Wlth %CV > 35% fOI’ %x, Qas[ and AUQ).last.

Day 5 plasma FVP concentrations (Table 4.3.22) reflected a similar pattern to Day 3 withGM
concentrations at [nominal timepoint (median actual time post infusion)] Ot 1 (0.40) and 6r 12 (6.22) h

of 23460.71 and 1427.96 ng/mL, respectively.

GMR(95% ClI) indicated drug accumulation between Day 1 and Day 3 for£(1.17 [1.07, 1.27]), AUGast
(1.45[1.35, 1.57]), Gst (1.93 [1.38, 2.71]) and Jax(1.93 [1.26, 2.95]). ik was similar between Day 1 and

Day 3 (1.03 [1.02, 1.04]).

Concentration-time curves for eachparticipant per each study day are depicted in Figure 4.3.2-1. At

this dose, none of theparticipants achieved the target Day 3 prelose concentration (G) of 24900ng/ml.
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Pharmacokinetic Parameters for Participants Receiving IV FVP 600 mg BD

Day ID Dose
Day 1 001 600
005 600
006 600
007 600

Mean

SD

%CV

Min

Median

Max

GM

95% CI lower

95%CI upper
Day 3 001 600
006 600
007 600

Mean

SD

%CV

Min

Median

Max

GM

95% CI lower
95%CI upper

Tmax
(h)

0.25
0.25
0.35
0.18
0.26
0.07
26.6
0.18
0.25
0.35
0.25
0.17
0.38
0.23
0.70
0.70

0.54

0.27
49.5
0.23
0.70
0.70
0.49
0.10
2.35

Cmax
(ng/mL)

15265.56
26033.34
13340.23
13917.09
17139.06
5984.16
34.9
13340.23
14591.33
26033.34
16481.19
10064.94
26987.71
19418.41
16804.01
13830.81

16684.41

2795.72
16.8
13830.81
16804.01
19418.41
16525.63
10825.68
25226.74

Tlast
(h)

5.97
6.52
6.23
5.95
6.17
0.27
4.3
5.95
6.10
6.52
6.16
5.76
6.60
6.05
6.50
6.17

6.24

0.23
3.7
6.05
6.17
6.50
6.24
5.69
6.84

Co
(ng/mL)

0.00
0.00
0.00
0.00

500.00*
500.00*
500.00*

500.00

0.00
0.0
500.00
500.00
500.00
500.00

Clast
(ng/mL)

500.00*
500.00*
500.00*
500.00*
500.00
0.00
0.00
500.00
500.00
500.00
500.00

500.00*
1336.86
1352.30

1063.05

487.68
45.9
500.00
1336.86
1352.30
699.89
233.99
3995.41

AUCO—Iast
(ng-h/mL)

29498.90
55386.62
27989.55
25733.65
34652.18
13909.28
40.1
25733.65
28744.23
55386.62
32936.47
18840.34
57579.16
38543.06
46675.04
36307.28

40508.46

5456.17
13.5
36307.28
38453.06
46675.04
40272.46
29069.66
55792.58

Table 4.3.2.21 Summary of PK characteristics (Day 1 and Day 3) for Cohort 1, 600 mg dose. * denotes those
attributed %2 LLQ.Thax LLEime to maximum concentration, Gyax- maximum concentration, Tas LWtime of last
concentration, CoLluconcentration at 0 hours/predose, G« Wiast concentration, AUCwarea under the
concentration time curve, SDwstandard deviation, CViucoefficient of variation, GMwgeometric mean, Clw

confidence interval
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Day 5 FVP Plasma Concentrations in Participants Receiving IV FVP 600 mg BD

-

001 600 0.40 16688.55 6.25 500.00*
005 600 0.80 22100.93 6.00 4350.27
006 600 0.03 35010.19 6.22 1338.60
Mean 0.41 24599.89 6.16 2062.96
SD 0.39 9412.98 0.14 2024.76
%CV 94.1 38.3 2.2 98.1
Min 0.03 16688.55 6.00 500.00
Median 0.40 22100.93 6.22 1338.60
Max 0.82 35010.19 6.25 4350.27
GM 0.22 23460.71 6.16 1427.95
95% CI lower 0.00 9264.01 5.82 96.87
95% CI upper 14.36  59413.27 6.50 21050.09

Table 4.3.2.22 Summary of Day 5 plasma FVP concentrations, Cohort 1 (600 mg). * denotes those attributed %
LLQ SDuwstandard deviation, GMwgeometric mean, Clwconfidence interval, CViucoefficient of variation, h- hour
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Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 600 mg BD IV FVP

e

FAV1049001 | 15256.56 19418.41 1.27 0.10 | 29498.90 38543.06 1.31 0.12 | 500.00 500.00 1.00 0.00 | 0.25 0.23 0.92 -0.04 | 5.97 6.05 1.01 0.01
FAV1049005 | 26033.34 - - - 55386.62 - - - 500.00 - - - 0.25 - - - 6.52 - - -
FAV1049006 | 13340.23 16804.01 1.26 0.10 | 27989.55 46675.04 1.67 0.22 | 500.00 1336.86 2.67 0.43 | 0.35 0.70 2.00 0.30 6.23 6.50 1.04 0.02
FAV1049007 | 13971.09 13830.81 0.99 0.00 | 25733.65 36307.28 141 0.15 | 500.00 1352.30 2.70 0.43 | 0.18 0.70 3.89 059 595 6.17 1.04 0.02
Mean 0.07 0.16 0.29 0.28 0.01
GMean 117 1.17 145 1.45 193 193 193 193 1.03 1.03
SD 0.06 0.05 0.25 0.31 0.01
St Err 0.02 0.02 0.07 0.09 0.00
Low 95% 0.03 0.13 0.14 0.10 0.01
Up 95% 0.10 0.19 0.43 0.47 0.02
Anti-log Low 1.07 1.35 1.38 1.26 1.02
Anti-log Up 1.27 1.57 2.71 2.95 1.04

Table 4.3.2.23 GMRfor all PK parameters on Day 1 and Day 3 (600 mg cohort). 005 Day 3 was excluded from PK analysisDay 1, D3wDay 3 Tmax LLtime to
maximum concentration, Gyax - maximum concentration, T, Wtime of last concentration,, Gas LWast concentration, AUCuwarea under the concentration time
curve, SDustandard deviation, CVitcoefficient of variation, GMeanugeometric mean, St Ertustandard error
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Concentration -Time Curves for Participants Receiving 600 mg BD 1V FVP, Stratified by Day

Day 1 Day 3
40000 40000
—~ 35000 —~ 35000
E 30000 E 30000
<Ts] oo
£ 25000 £ 25000 |-------- oo
E 20000 E 20000
‘S 15000 S 15000
= =
& 10000 S 10000
5000 5000 —
[ A— = —
0 0 & i
000 100 200 3.00 400 500 600 7.00 000 100 200 3.00 400 500 6.00 7.00
Time post-infusion (h) Time post-infusion (h)
Day5
40000
— 35000
E 30000 FAV1049001
7]
- —a— FAV1049005
E 20000 FAV1049006
S 15000
E 10000 FAV1049007
5000 \‘ - - = ECy Target (24900 ng/mL)
0

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Time post-infusion (h)

Figure 4.3.2.21 Concentration-time curves for Day 1, Day 3 and Day 5 for Cohort 1 (600 mg)yd&arget of 24900 ng/mL indicated by red dashed line.
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4.3.2.2 1200 mg dose (Cohort 2)

All four participants in the 1200 mg cohort completed up to Day 5 of sampling. Overall, FVP
concentrations from participants receiving 1200 mg IV FVP BD were higher thamanrticipants receiving
the 600 mg dose (Table 4.3.2:2). Day 5 plasma FVP concentrations (Table 4.3.22) were higher than
Day 3, withGMconcentrations of [nominal timepoint (median actual time post infusion)] Or 1 (0.58) and

6112 (6.22) h of 86743.41 and 30669.69 ng/mL, respectively.

In this cohort, FVP exposure increased from Day 1 to Day 3, seen as a-B@l increase in AUG..s{[GMR
(95% CI) 2.64 (2.14, 3.26)]. Observed.&increased from 38005.57 ng/mL on Day 1 to 61907.29 ng/mL
on Day 3 with GMR (95% ClI) of 1.63 (1.24, 2.14).«GMR (95% ClI) from Day 1 to Day 3 was 6.59 (5.26,
8.25), implying a significant increase (Table 4.3.2:3). GMR for Ja.x and Tast were 1.04 (0.81, 1.33) and

0.99 (0.99, 1.00), respectively.

Interindividual variability was high with %CV for Day 1 and Day 3.40f 41% and60%. Similarly to the
first cohort, this was largely a result of one (Day 1) or two (Day@rticipants having significantly lower
plasma FVP levels than the remainingarticipants. At this dose, 50% oparticipants achieved Day 3 G..

dose AbOVe the targeted EG, of 24900 ng/mL (Figure 4.3.22).
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Summary of Pharmacokinetic Characteristics in Participants Receiving IV FVP 1200 mg BD

Day ID Dose

Day @ 008 1200
1 010 1200
011 1200
012 1200
Mean

SD

%CV

Min

Median

Max

GM
95% CI lower
95%CI upper
Day @ 008 1200
3 | 010 1200
011 1200

012 1200
Mean

SD
%CV
Min
Median
Max
GM
95% CI lower
95% CI upper

Tiax
(h)
0.27
0.38
0.50
0.43
0.40
0.10
24.5
0.27
0.41
0.50
0.39
0.34
0.43
0.43
0.45
0.53
0.25

0.42

0.12
28.7
0.25
0.44
0.53
0.40
0.24
0.68

Crnax
(ng/mL)
46746.95
36340.20
58211.25
19825.69
41031.02
16761.04
40.8
19825.69
43043.58
58211.57
38005.57
17819.76
81057.38
78742.95
31032.79
127438.83
47166.43

71095.25

42468.32
59.7
31032.79
62954.69
127438.83
61907.29
23313.82
164388.06

Tiast
(h)
6.43
6.97
6.28
6.38
6.52
0.31
4.8
6.28
6.41
6.97
6.51
6.05
7.01
6.43
6.83
6.20
6.38

6.46

0.27
4.1
6.20
6.41
6.83
6.46
6.05
6.89

Co
(ng/mL)
0.00
0.00
0.00
0.00

33016.53
500.00*
37104.52
1487.45

18027.13

19743.27
109.5
500.00
17251.99
37104.52
5494.05
169.93
177631.59

Clast
(ng/mL)
11040.28
500.00*
6817.81
1666.40
5006.123
4870.05
97.3
500.00
424211
11040.28
2814.13
301.50
26265.99
68426.15
2452.70
78068.73
9034.56

39495.54

39263.70
99.4
2452.70
38730.36
78068.73
18548.67
1298.11
265042.41

AUCo st
(ng-h/mL)
177836.95
79752.61
159951.95
51449.42
117247.73
61182.80
52.2
51449.42
119852.28
177836.95
103940.36
40748.68
265127.58
456197.18
130239.84
601644.08
158760.18

336710.32

230045.88
68.3
130239.84
307478.68
601644.08
274469.71
8995.41
918754.13

Table 4.3.2.21 Summary of PK parameters for IV FVP 1200 mg BD. Values in purple are those assigned % LLQ
Tmax LLEIMe to maximum concentration, Gnax - maximum concentration, Tas: LLtime of last concentration, Gy
concentration at 0 hours/predose, G.s: Wast concentration, AUCwarea under the concentration time curve, Su
standard deviation, CViucoefficient of variation, GMwgeometric mean, Clwconfidence interval
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Day 5 FVP Plasma Concentrations in Participants Receiving 1200 mg BD IV FVP

008 1200 0.62 185494.28 6.00 131224.80

010 1200 0.20 49696.97 6.17 4915.90
011 1200 0.58 142003.86 6.52 94533.98
012 1200 0.58 43249.92 6.27 14508.77
Mean 0.50 105111.26 6.24 61295.86

SD 0.20 70047.75 0.22 61542.82

%CV 39.9 66.6 3.5 100.4

Min 0.20 43249.92 6.00 4915.90

Median 0.58 95850.42 6.22 54521.38
Max 0.62 185494.28 6.52 131224.80

GM 0.45 86743.41 6.24 30669.69

95% CI lower 0.19 26987.11 6.12 2566.17
95%CI upper 1.08 278815.27 6.36 366550.09

Table 4.3.2.21 Summary of Day 5 FVP plasma concentrations for Cohort 2 (1200 m§puwstandard deviation, CV
weoefficient of variation, GM- geometric mean, Clwconfidence interval
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Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 1200 mg BD IV FVP

oGm0 AG G
== T T

FAV1049008 | 49746.95 78742.95 1.58 0.20 | 177836.95 456197.18 2.57 0.41 | 11040.28 68426.14 6.20 0.79 | 0.27 0.43 1.59 0.20 | 6.43 6.43 1.00 0.00
FAV1049010 | 36340.20 31032.79 0.85 -0.07 | 79752.61 130239.84 1.63 0.21 | 500.00 245270 491 069|038 045 118 0.07 | 6.97 6.83 0.98 -0.01
FAV1049011 | 58211.25 127438.83 2.19 0.34 | 159951.95 601644.08 3.76 058 | 6817.81 78068.73 1145 1.06 | 050 053 106 0.03 | 6.28 6.20 0.99 -0.01
FAV1049012 | 19825.69 47166.43 2.38 0.38 | 51449.42 158760.18 3.09 049 | 1666.40 903456 542 073|043 025 058 -0.24|6.38 6.38 1.00 0.00
Mean 0.21 0.42 0.82 0.02 -0.00
GMean 1.63 1.63 2.64 264 6.59 6.59 1.038 1.04 0.991 0.99
SD 0.20 0.15 0.17 0.18 0.00

St Err 0.06 0.05 0.05 0.06 0.00
Low 95% 0.09 0.33 0.72 -0.09 -0.01
Up 95% 0.33 0.51 0.92 0.13 -0.01
Anti-log Low 1.24 2.14 5.26 0.81 0.99
Anti-log Up 2.14 3.26 8.25 1.33 1.00

Table 4.3.2.23 GMRfor 1200 mg cohort (Cohort 2)D1 wDay 1, D3wDay 3 Tmax LLEime to maximum concentration, Grax- maximum concentration, Tas: LLtime of last
concentration, Ci Llast concentration, AUCuwarea under the concentration time curve, Sustandard deviation, CViucoefficient of variation, GMeanugeometric
mean, St Ernustandard error
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Concentration -Time Curves for Participants Receiving 1200 mg BD IV FVP

Day 1
y Day 3
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0 & = —& 0 .I: e
0.00 2.00 4.00 6.00 8.00 0.00 2.00 4.00 6.00 8.00
Time post-infusion (h) Time post-infusion (h)
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200000 FAV1045008
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= FAV1049012
H
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o (24900 ng/mL)
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Figure 4.3.2.21 Concentration-time curves for Day 1, 3 and 5 (Cohort 2, 1200 md3ed dashed line indicates Egs target of 24900 ng/mL
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4.3.2.3 1800 mg dose (Cohort 3)

Fourpatrticipants completed Days 1 and 3, with on@articipant (018) discharged between Day 3 and Day
5 due to the parent clinical team deeming theparticipant well enough to return home. Day 5 plasma FVP
concentrations (Table 4.3.2.22) were higher than Day 3, witkkM concentrations of [nominal timepoint

(median actual time post infusion)] OT 1 (0.17) and 6r 12 (6.08) h of 115781.23 and 65233.66 ng/mL,

respectively.

FVP exposure increased from Day 1 to Day 3 with Akl GMR (95% CI) of 3.00 (2.57, 3.50)n& was
higher on Day 3 than Day 1 with GMR of 1.64 (1.40, 1.93)«GMR (95% CI) from Day 1 to Day 3 was

10.54 (6.53, 17.02).

At this dose, 25% oparticipants achieved Day 3 Ge-dose >24900 ng/mL (Figure 4.3.23).
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Pharmacokinetic Parameters for Participants Receiving IV FVP 1800 mg BD

Day ID
Day 15
1 17
18

20

Day 15
3 17
18

20

Dose

1800
1800
1800
1800
Mean
SD
%CV
Min
Median
Max
GM
95% CI lower
95%CI upper
1800
1800
1800
1800
Mean
SD
%CV
Min
Median
Max
GM
95% CI lower
95%CI upper

Trnax
(h)

0.25
0.18
0.62
0.12
0.29
0.22
76.6
0.12
0.22
0.62
0.24
0.08
0.73
0.33
0.92
0.13
0.17
0.39
0.37
93.8
0.13
0.25
0.92
0.29
0.07
1.14

Crnax
(ng/mL)

77750.10
41784.04
39395.53
57320.37
54062.51
17678.58
32.7
39395.53
49552.21
77750.10
52043.54
31566.43
85804.14
116215.30
60340.95
96795.09
78247.73
87892.28
24034.80
27.3
60340.95
87506.41
116215.33
85362.38
54485.97
133736.00

Tlast
(h)

6.10
6.43
6.27
6.33
6.28
0.14
2.2
6.10
6.3
6.43
6.28
6.06
6.51
6.02
6.43
6.03
6.27
6.19
0.2
3.2
6.02
6.15
6.43
6.19
5.88
6.51

Co
(ng/mL)

0.00
0.00
0.00
0.00

46167.66
12150.03
14878.74
24038.90
24308.75
15434.05
63.5
12150.03
19458.82
46167.33
21164.02
8231.04
54417.90

Clast
(ng/mL)

15119.75
1555.24
1667.09
8551.27
6723.34
6483.72

96.4
1555.24
5109.18

15119.75

4278.91
683.60

26783.09

77729.81

28925.02

47985.20

46015.07

50163.78

20272.55

40.4

28925.02

47000.14

77729.81

47202.74

24820.23

89769.45

AUCo st
(ng-h/mL)

236163.80
91989.24
91678.97

148803.20

142158.80
68181.82

48.0
91678.97

120396.23

236163.78

131207.33
63802.95

269820.81

605127.20

270257.30

400911.30

365155.50

410362.80

141062.35

34.4

270257.25

383033.39

605127.17

393357.59

231628.86

668009.12

Table 4.3.2.31 Summary of PK, Day 1 and Day 3 for IV FVP 1800 mg BD (Cohofi,3)time to maximum

concentration, Cnax - maximum concentration, T,e Wtime of last concentration, G wconcentration at O

hours/predose, Gas: Wiast concentration, AUCwarea under the concentration time curve, Sustandard deviation,

CV uxoefficient of variation, GMwgeometric mean, Cluconfidence interval
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Day 5 FVP Plasma Concentrations in Participants Receiving 1800 mg BD IV FVP

I -

015 1800 0.08 175120.84 6.08 92312.43
017 1800 0.17 92892.28 6.48 58394.12
020 1800 0.18 95410.69 6.08 51497.47
Mean 0.14 121141.27 6.21 67401.34
SD 0.06 46764.63 0.23 21847.49

%CV 38.4 38.6 3.7 32.4
Min 0.08 92892.28 6.08 51497.47
Median 0.17 95410.69 6.08 58394.12
Max 0.18 175120.84 6.48 92312.43
GM 0.14 115781.23 6.21 65233.66
95% ClI lower 0.05 47509.05 5.67 30413.60
95% CI upper 0.40 282162.96 6.81 139918.66

Table 4.3.2.32 Summary of Day 5 FVP concentrations for Cohort 3 (1800 mg BBPustandard deviation, C\Viu

coefficient of variation, GMwgeometric mean, Cluconfidence interval
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Geometric Mean Ratios (Day 3 vs. Day 1) for Participants Receiving 1800 mg BD IV FVP

s EsSSSSS—S—————
|

FAV1049015| 77750.10 116215.33 1.50 0.17 | 236163.78 605127.17 2.56 0.41 | 15119.75 77729.81 5.14 0.71 | 0.25 0.33 1.32 0.12 | 6.1 6.02 0.99 -0.00
FAV1049017 | 41784.04 60340.95 1.44 0.16 | 91989.24 270257.25 2.94 0.47 | 1555.24 28925.02 18.60 1.27 | 0.18 0.92 5.11 0.71 | 6.43 6.43 1.00 0.00
FAV1049018 | 39395.53 96765.09 246 0.39 | 91678.97 400911.30 4.37 0.64 | 1997.09 4798520 24.03 1.38 |0.62 0.13 0.21 -068 | 6.27 6.03 096 -0.02
FAV1049020 | 57320.37 78247.73 1.37 0.14 | 148803.22 36515549 2.45 0.39 | 8551.27 46015.07 5.38 0.73 | 0.12 0.17 1.42 0.15 | 6.33 6.27 0.99 -0.00
Mean 0.21 0.48 1.02 0.08 -0.01
GMean 164 164 3.00 3.00 10.54 10.54 1.19 1.19 0.98 0.98
SD 0.12 0.11 0.35 0.57 0.01

St Err 0.04 0.03 0.11 0.17 0.00
Low 95% 0.15 0.41 0.82 -0.26 -0.01
Up 95% 0.28 0.54 1.23 0.41 -0.00
Anti-log Low 1.40 2.57 6.53 0.55 0.98
Anti-log Up 1.93 3.50 17.02 2.59 0.99

Table 4.3.2.33 GMRfor 1800 mg cohort (Cohort 3)D1wDay 1, D3uDay 3 Tmax LLtime to maximum concentration, Gnax - maximum concentration, Tas LLtime of last
concentration, CoLconcentration at 0 hours/predose, Gas: Wast concentration, AUCuarea under the concentration time curve, Slustandard deviation, Cviu
coefficient of variation, GMeanwugeometric mean, St Ertustandard error
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Concentration -Time Curves for Participants Receiving IV FVP 1800 mg BD
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Figure 4.3.2.31 Concentration-time curves forparticipants receiving 1800 mg IV FVP BRed dashed line indicates Egtarget of 24900 ng/mL
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4.3.2.4 2400 mg dose (Cohort 4)

Fourpatrticipants completed study Days 1 and 3, with onparticipant discharged from hospital between

Day 3 and Day 5.

Cnaxincreased from Day 1 to Day 3 with GMR (95% CI) of 2.20 (1.80, 2.71). FVP exposures also increased
significantly from Day 1 to Day 3 with AU GMR (95% CI) of 3.39 (3.19, 3.59)..f&cwas significantly
higher on Day 3 than Dayl with GMR (95% CI) of 6.63 (4.08, 9.92). GMRs for Cohort 4 are presented in

Table 4.3.2.43.

Day 5 plasma FVP concentrations (Table 4.3.2.2) were higher than Day 3, witlsM concentrations of
[nominal timepoint (median actual time post infusion)] 0T 1 (0.28) and 6r 12 (6.28) h of 199183.28 and

118942.99 ng/mL, respectively.

At this dose, 75% oparticipants achieved Gre.dose (Day 3P 24900 ng/mL (Figure 4.3.2:4). As in previous
cohorts, interindividual variability is notable, with %CV for Ga, Cast and AUC all greater than 17% (&7

88%).
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Pharmacokinetic Parameters for Participants Receiving 2400 mg IV FVP BD

Day ID

Day1 022
024
025
026

Dose

2400
2400
2400
2400

Mean

SD

%CV

Min

Median
Max

GM

95% CI lower
95%CI upper

Day 3 022
024
025
026

2400
2400
2400
2400

Mean

SD

%CV

Min

Median
Max
GM
95% CI lower
95%CI upper

Table 4.3.2.41 Summary of Day 1 and Day 3 PK for IV FVP 2400 mg BD (Cohoft.4)time to maximum
concentration, Cnax - maximum concentration, Tas Wtime of last concentration, G uiconcentration at O

Tiax
(h)
0.08
0.22
2.10
0.37
0.69
0.95
136.8
0.08
0.30
2.10
0.34
0.04
2.96
2.10
0.42
0.33
0.25
0.78
0.89
114.3
0.25
0.38
2.10
0.52
0.11
2.37

Crnax
(ng/mL)
81860.05
73443.04
92473.62
110269.65
89511.59
15878.86
17.7
73443.04
87166.84
110269.65
88485.91
67051.98
116771.44
131352.97
128464.67
317046.61
270635.03
211874.82
96531.32
45.6
128464.67
200994.00
317046.61
195066.50
91756.38
414695.30

Tiast
(h)
6.67
6.17
6.25
6.00
6.27
0.28
4.5
6.00
6.21
6.67
6.27
5.84
6.73
6.23
6.62
6.33
6.00
6.30
0.26
4.1
6.00
6.28
6.62
6.29
5.90
6.71

Co
(ng/mL)
0.00
0.00
0.00
0.00

24459.02
44024.07
148950.13
201389.20
104705.61
84512.44
80.7
24459.02
96487.10
201389.20
75387.89
15413.51
368724.19

Clast
(ng/mL)
4471.54

13922.06
33224.07
59856.90
27868.64
24453.09

87.7

4471.54
23573.07
59856.90
18757.80

3115.83

112925.05
78146.49
70498.70
213105.98
172730.39
133627.89
70502.01
52.8
70498.70
125453.44
213105.98
119339.06
49219.95
289375.51

AUCo.jast
(ng-h/mL)
194333.93
178966.41
435680.10
444541.53
313380.49
146514.67

46.8
178966.41
315007.01
444541.53
286483.79
129928.53
631677.74
701740.27
606045.87

1592256.61
1306617.26
1051665.00
475487.00

45.2

606045.87
1004178.77
1592256.61

969863.99
459704.29
2046176.62

hours/predose, Gas: Wlast concentration, AUCLarea under the concentration time curve, Sustandard deviation,
CV uroefficient of variation, GMwgeometric mean, Clwconfidence interval
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Day 5Plasma FVP Concentrations in Participants Receiving 2400 mg IV FVP BD

022 2400 0.23 187893.57 6.57 71519.86
024 2400 0.47 171432.87 6.28 91031.61
025 2400 0.28 245331.10 6.28 258462.56
Mean 0.33 201552.51 6.38 140338.01
SD 0.13 38796.42 0.17 102763.00

%CV 38.8 19.2 2.6 73.2
Min 0.23 171432.87 6.28 71519.86
Median 0.28 187893.57 6.28 91031.61
Max 0.47 245331.10 6.57 258462.56
GM 0.31 199183.28 6.38 118942.99
95% CI lower 0.13 125422.40 5.99 21808.82
95% CI upper 0.76 316322.90 6.79 648702.55

Table 4.3.2.42 Day 5 FVP plasma concentrations for IV FVP 2400 mg BD (CohortSDusstandard deviation, C\iu
coefficient of variation, GMwgeometric mean, Clwconfidence interval
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Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 2400 mg IV FVP BD

FAV1049020| 81860.05 131352.97 1.60 0.21 | 194333.93 701740.27 3.61 056 | 447154 7814649 1748 124|008 21 2625 142 |6.67 6.23 093 -0.03
FAV1049024 | 73443.04 128464.67 1.75 0.24 | 178966.41 606045.87 3.39 053 13922.06 70498.70 506 070|022 042 191 028 |6.17 6.62 1.07 0.03
FAV1049025| 92473.62 317046.61 3.43 0.54 | 435680.10 1592256.60 3.65 0.56 | 33224.07 21310598 6.41 081|210 033 016 -0.806.25 633 1.01 0.01
FAV1049026 | 110269.65 270635.03 2.45 0.39 | 444541.53 1306617.30 294 0.47 | 59856.90 172790.39 2.89 046 | 037 025 068 -0.17  6.00 6.00 1.00 0.00
Mean 0.34 0.53 0.80 0.18 0.002
GMean 220 220 3.39 3.39 6.36 6.36 152 1.52 1.00 1.00
SD 0.15 0.04 0.33 0.94 0.02

St Err 0.05 0.01 0.10 0.28 0.01
Low 95% 0.25 0.50 0.61 -0.37 -0.01
Up 95% 0.43 0.56 1.00 0.74 0.02
Anti-log Low 1.80 3.19 4.08 0.42 0.97
Anti-log Up 2.70 3.59 9.92 5.44 1.04

Table 4.3.2.43 PlasmaGMRfrom Day 1 to Day 3 for the 2400 mg dose (Cohort H1wDay 1, DAuDay 3 Tnax LLEime to maximum concentration, Guax - maximum
concentration, Tiast LLEime oOf last concentration, G wconcentration at 0 hours/predose, Gs: Last concentration, AUCwarea under the concentration time curve, SD
wstandard deviation, CVicoefficient of variation, GMeanugeometric mean, St Erwustandard error
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Figure 4.3.2.41 Concentration-time curves for Days 1, 3 and 5 fgrarticipants receiving 2400 mg IV FVP (Cohort 4Red dashed line represents E target of

24900 ng/mL
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4.3.3 FavipiravirPharmacokinetics in Non-Plasma Matrices (Saliva,

TTS, SAM)

4.3.3.1 Saliva

FVPwas quantifiable in all saliva samples and across all cohorts (N = 31). FVP concentrations at the 6

12 h postinfusion (Gs.12) timepoint increased from Day 1 to Day 3 and with escalating doses (Table
4.3.3.1-1). There was considerable interindividual variability in FVP saliva concentrations, with %CV
ranging from 37 to 158%Day 1 median saliva FVP at (median = 6.68 h) for the 600 mg (N 3,4.200

mg (N=4), 1800 mg (N = 3) and 2400 mg (N=4) were 42.99, 232.19, 222.61 and 1093.10 ng/mL. On Day 3
(N=4 for all cohorts), median saliva FVP concentrations atf& (median = 6.52 h) were 69.26, 1041.65,

4217.58 and 9742.40 ng/mL for each cohort respectively.

Median Day 1 salivato-plasma ratios were 0.09. 0.08, 0.03 and 0.03 for each cohort. Day 3 median
saliva-to-plasma ratios were 0.05, 0.04, 0.09 and 0.06. The overall median (range) ratio of FVP in saliva
to-plasma was 0.06 (0.01r 0.28); this ratio remained constant irrespective of FVP dose (Figure 4.3.3.1
1) andwas confirmed by statistical analysis (ManrWhitney test, p=0.861). Interindividual variability was

also noted in the salivato-plasma ratios with high %CV (34%141%).

No participants achieved a FVP concentration in saliva in excess of the targeted &(@24900 ng/mL).
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Saliva FVP Concentrations on Days 1 and 3 at 61 12 Hours Post-Completion of Infusion

Day 1 600 N = 4 6.63 500.00 42.99 0.09
(6.2776.85) (500.00T 500.00) (13.16 T 66.76) (0.0370.13)
1200 N = 4 6.89 1387.00 232.19 0.08
’ (6.68T 7.20) (500.00T 6820.00) (68.117521.20) (0.0370.14)
1800, N =3 6.70 1611.17 222.61 0.03
’ (6.3876.72) (1511.98T 8551.27) (36.80T 4197.98) (0.0270.28)
2400, N = 4 6.39 23573.07 1093.10 0.03
’ (6.1377.28) (4471.54T 59856.90) (75.44T 7819.55) (0.0170.24)
6.52 1335.73 69.26 0.05
Day 3 600, N =4 (6.4576.72) (500.00T 1352.30) (21.287114.14) (0.0470.09)
1200 N = 4 6.52 7324.74 1041.65 0.04
’ (6.3276.97) (2452.70T 9034.56) (178.927 4113.82) (0.0370.07)
1800, N = 4 6.13 37470.05 421758 0.09
’ (6.08T 6.53) (7772.98T 47985.20) (270.117 12179.95) (0.01- 0.16)
2400, N = 4 6.58 125468.44 9742.40 0.06
’ (6.1377.00) (70498.70T 213105.98) (4058.82T 11275.66) (0.0570.13)

Table 4.3.3.21 Median (range) FVP concentration at thelfil2 h postcompletion of infusion timepoint for plasma and saliva on days 1 and 3 and corresponding
saliva-to-plasma ratio. N - number of participants with evaluable samples, Gi.Lconcentration at the 612 h post completion of infusion timepoint, BOwtwice daily
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Distribution of Saliva -to Plasma FVP Ratios on Days 1 and 3, Stratified by Dose
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Figure 4.3.3.21 Boxand-whisker plots showing the distribution of saliva:plasma FVP on Day 1 and Day 3, stratified by cohort
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4.3.3.2 Tears

FVPwas quantifiable in 27/30 (90%) of tear samples; the three samples <LLQ were all frgrarticipants

in the 600 mg cohort and were assigned ¥2 LLQ (0.235 ng/sample) and normalised to ng/mL using the tear
strip volume (Table 4.3.3.21). Tear G1:FVP increased from Day 1 to Day 3, and with escalating doses. A
decrease in FVP concentrations was observed between 1200 mg and 1800 mg cohorts. Day 1 median
FVP levels in tears for 600 mg (N = 4), 1200 mg (N = 4), 1800 mg (N = 4) and 2400 mg (N = 2pWér
1794.26, 1188.00 and 14040.00 ng/mL. Median FVP tear concentrations on Day 3 were 692.83, 5762.00,

3620.00 and 34985.44 ng/mL. Median (range) tear strip volume was 4.0 (9§20.0) pL.

Median (range) overall FVP teao-plasma ratio was 0.30 (0.00r 6.54) (Table 4.3.3.23). Ratios were
highly variable (%CV90 T 179 %) but statistical analysis (ManAWhitney test) indicated that the

distribution of tears:plasma was similar across Day 1 and Day 3 (p=0.683).

Three outliers with markedly higher tears:plasma ratios noted: 010 (Day 1) ratio = 6.54, 012 (Day 3) ratio
=5.17, 026 (Day 1) ratio = 3.98.TSvolumes were cross checked against the sample collection logs for

012 and 026 and were confirmed as 0.5 and 0.1 pL, respectively.
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FVP Concentrations in Ocular Fluid on Days 1 and 3 at 61 12 Hours Post-Completion of Infusion

6.24 55 500.00 127.64 0.26
Day 1 600, N=4
(6.0576.77) (2.07120.0) (500.00T 500.00) (117.50T1 618.50) (0.2471.24)
6.80 55 1387.00 1794.26 0.56
1200,N=4
(6.57717.08) (2.07117.0) (500.00T 6820.00) (263.3313272.00) (0.0276.54)
6.47 55 1611.17 1188.00 0.24
1800, N =4
(6.22716.53) (2.0710.0) (1511.9871 8551.27) (39.177115140.00) (0.0211.77)
6.55 1.05 23573.07 14040.00 1.01
2400, N=3
(6.07717.42) (0.0T78.0) (4471.5471 59856.90) (29.381238300.00) (0.00T3.98)
6.42 7.0 1335.73 692.83 0.52
Day 3 600, N=4
(6.23716.63) (1.0113.0) (500.00T 1352.30) (235.00T 2843.33) (0.47712.13)
6.41 4.5 7324.74 5762.00 0.21
1200,N=4
(5.6317.02) (0.57110.0) (2452.707 9034.56) (715.00T 46700.00) (0.01715.17)
6.18 2.0 37470.05 3620.00 0.05
1800, N =3
(6.0716.33) (0.0714.0) (7772.981 47985.20) (1540.00715176.67) (0.0370.18)
6.42 2.0 125468.44 34985.44 0.17
2400,N=4
(6.22716.85) (1.0-17.0) (70498.70T1 213105.98) (335.00T1 92080.00) (0.0070.53)

Table 4.3.3.21 Summary (median [range]) dFVPconcentrations in plasma and tears, stratified by dose and study

day with corresponding tearto-plasma ratios, time post infusion and swab volumesN wnumber of participants

with evaluable samples, G.i;Lwconcentration at the 612 h postcompletion of infusion timepaoint.
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Distribution of Tears -to-Plasma FVP Ratios on Days 1 and 3, Stratified by Dose

600 mg 1200 mg
7.00 7.00
6.00 6.00
5.00 5.00
£ £
E 4.00 E 4.00
[+ 9 [+ 9
o o
= 3.00 = 3.00
[T [T
(= (=
2.00 T 2.00 »
X
1.00 1.00
: n [ bay1
0.00 0.00 - D
Day3
1800 mg 2400 mg
7.00 7.00
6.00 6.00
5.00 5.00
1]
E 4,00 E
s 4 & 4.00
o
E 3.00 = 3.00
13
- =
2.00 2.00 %
1.00 % 1.00
0.00 e ] 0.00 $

Figure 4.3.3.21 Boxand-whisker plots showing the distribution of tears:plasma FVP on Day 1 and Day 3, stratified by cohort

145



4.3.3.3 NasalSecretions

Thirty-two nasal samples were collected, of whichthree were below the assay LLQ of 0.47 ng/sample (all
from the 600 mg cohort). These were assigned ¥2 LLQ and normalised to ng/mL using the swab volumes,
which ranged from 1.0 to 73.7 pL (median = 18.2 pL). FVP concentrations in nasal secretions increased
with escalating dose and from Day 1 to Day 3 (Table 4.3.313. Median G...FVP levels on Day 1 were
537.63, 3723.48, 9308.79 and 13766.80 ng/mL for the 600 mg (N=4), 1200 mg (N=4), 1800 mg (N=4) and
2400 mg (N=4) dose, respectively. On Day 3, mediansG FVP concentrations were 2454.68, 2247.47,

7697.53 and 24905.50 ng/mL.

The overall median (range) ratio of FVP in nasal secretiots-plasma was 0.42 (0.03r 21.28). There were
two outliers with considerably higher ratios: 017 (Day 3) ratio = 11.19 and 010 (Day 1) ratio = 21.28. The
swab volumes for these samples were represatative of swab volumes across cohorts and therefore
these samples were not excluded from descriptive analyses. There was substantial variability (%CV =
223) in nasal:plasma FVP ratios, with an apparent decrease in the ratios from Day 1 to Day 3 (Figure

4.3.3.3-1). This was confirmed via ManiWhitney statistical testing (p=0043).
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FVP Concentrations in Nasal Secretions on Days 1 and 3 at 6T 12 Hours Post-Completion of

Infusion

Dayl 600N =4 6.17 8.4 500.00 537.63 1.08
(6.0376.32)  (2.37158) (500.00T 500.00) (26.117 3056.96) (0.0576.11)
1200, N = 4 6.72 34.6 1387.00 3723.48 0.50
' (6.4577.00)  (9.5760.1) (500.00T 6820.00) (971.58710642.03)  (0.41721.28)
1800, N <3 6.37 28.8 1611.17 9308.79 1.07
’ (6.1876.48)  (1.1739.8) (1511.987 8551.27) (2118.18717396.76)  (0.65T 11.19)
6.51 27.4 23573.07 13766.73 0.29
2400 N=41 5 10r7.32) (487484 (4471547 59856.90) (770.23743400.00) (0.1773.12)
6.43 6.9 1335.73 2454.68 1.84
Day3 €00.N=3 1 151657  (1.0726.9) (500.00T 1352.30) (54.65T 5084.21) (0.1173.80)
1200, N = 4 6.48 21.6 7324.74 2047.47 0.57
' (6.1777.05)  (14.9773.7) (2452.70T 9034.56) (1371.68768048.98)  (0.0371.03)
1800, N = 4 6.13 18.2 37470.05 7967.53 0.17
' (6.1276.30)  (2.47418) (7772.98747985.20)  (4702.50713005.74)  (0.1070.24)
p400. N = 4 6.33 17.6 125468.44 24905.45 0.18
' (6.1776.70)  (4.0732.0) (70498.707213105.98)  (5545.30T41542.50)  (0.0370.52)

Table 4.3.3.31 Summary (median [range]) oFVPconcentrations in nasal secretions, stratified by cohort and

sampling dayBD utwice daily, Gs.12LLconcentration at the 612 h post-completion of infusion timepoint
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Distribution of Nasal -to-Plasma FVP Ratios on Days 1 and 3, Stratified by Dose
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Figure 4.3.3.3:1 Boxand-whisker plots of nasal:plasma ratios from Day 1 to Day 3 for each dosing cohort

[] pay1
[ pay3

148



4.3.4 CorrelationBetween Plasma and Non-Plasma Favipiravir Concentrations

Nonlinear regression analysis was performed to establish correlations between measurable plasma and
non-plasma concentrations. Non-plasma and plasma data were not normally distributed and therefore
the concentrations were log transformed prior to statisti@l testing. Values that were below the LLQ were

excluded.

Plasma and nonplasma concentrations were moderately and significantly correlated (Figure 4.3:4).
Calculated r? values were > 03 for saliva ¢? = 0330), tears {*> = 0548) and nasal secretions > = 0.650)

with p <0.005 for all matrices (Figure 4.34).
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Correlation Plots for Plasma vs Saliva, Tears and Nasal Secretions
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0.8059 0.6495 0.6349 0.3763

Coefficient Std. Error t P
y0 0.6469 0.4478 1.4445 0.1615
a 0.7091 0.1063 6.6685 <0.0001

Figure 4.3.41 Regression plots for log transformed a) plasma versus saliva, b) plasma versus tears and c¢) plasma versus nasal secreti@ed. dotted line
indicates 95% confidence interval RsqrT R squaredcoefficient of determination, Std ErrorT standard error
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4.4 Discussion

A total of 16participants received IV FVP as part of the AGILE C&Tlinical trial, with three participants
discharged prior to study day 5. IV FVP was both safe and well tolerated at higher doses than previously
investigated and despite the considerable comorbidity and frailty of theparticipants. Transient
hyperuricaemia was observed in somegoarticipants, but this resolved upon completion of treatment and

is a widely reported phenomenon in FVP treatmer{Doi et al., 2020b; Shinkaiet al., 2021; Kosekiet al.,
2022). The doses given were higher than previously used and sustained over the course of treatment,
compared to previous trials that utilised loading doses (4.3.21). As a result, accumulation of FVP was
observed up to Day 5 in comparison to previous studieshat have reported lowerthan-expected
concentrations on Day 3or 4following administration of a higher loading dose on Day (Sissokoet al.,
2016; Wanget al., 2020d) The exception to this was seen in the lowest (600 mg) dose cohort, where Day
3 plasma FVP concentrations were equivalent to Day 1 but lower than Day 5. The.@nd AUC increased

for all participants in all cohorts from Day 1 to Day 3, indicating that FVP accumulates over time.

FVP concentrations in plasma and notplasma compartments were related to a target Gougn 0f 24900
ng/mL, equivalent to the in vitro EG for SARSCOV-= IbINP ® L, ~ b HOdbSe(@)dAstseldttedlHS | 1]
it reflects trough concentrations of FVP gpproximately 12 h after the second infusion on Day 2),
representing the lowest drug levels prior to the next scheduled dose. However, even at the highest dose
(2400 mg) only 75% oparticipants achieved a Day 3 pralose (i.e. trough) plasma FVP concentration
greater than the targeted EGo of 24900 ng/mL. This study is limited by the collection of only a single
trough sample (Day 3 predose) and no predose sample collection on Day 5. Additionally, samples for

the 6 T 12 h window were all collected close to 6 h post dose, due to practicalés and availability of
hospital laboratory staff during the latter phase of the dosing window. Sampling closer to 12 h would be

beneficial in future studies to establish true trough concentrations.

The calculated Taxwas < 1 h. Thre@articipants had substantially higher (> 2 h).kon specific sampling
days (005 [y 3, 022 Cay 3 and 026 [y 1). Forparticipant 005, this is likely related to a sampling issue
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where blood was drawn from the same line used to administer antibiotics prior to FVP dosing, resulting
in out-of-profile concentrations and possibly compromising the calculation of ... Forparticipants 022
and 026, the delayed J.xcould be suggestive of differences in drug absorption. Thesparticipants
exhibit a plateau rather than a clear J.cat the 2 h timepoint which could potentially be due to a prolonged
distribution phase, as a result of saturation of metabolic pathways at high FVP concentrationsr due to
the timing of sample collection missing the true concentration peak, which may have occurred earlier
between the 0T 1 h timepoints. It is also a limitation that the bioanalytical method had a LLQ of 1000
ng/mL, which is relatively high. Analyis of < LLQ samples using a lower calibration range may offer

further insights, especially in the 600 mg cohort where a substantial proportion of samples were <LLQ.

Our data suggest that FVP penetrates noeplasma compartments 1 primarily the nasal secretions and
tears, and to a much lesser extent, saliva. Accumulation of FVP in ngslasma matrices is consistent
with plasma in that the concentration of FVP increases wuh escalating doses and from Day 1 to Day 3
and plasma and nonplasma matrices are significantly correlated. Generally, norplasma-to-plasma
ratios were variable and lower than the expected free fraction of FVP, which is 54% protein bound; the
highest ratio observed was in nasal secretions at 42% (0.42). It is possible that nasal swabs had a higher
ratio than tears and saliva due to contamination of samples with blood due to drying of the nasal mucosa
in participants receiving low flow oxygen via nasal cannula. However, the SAM strips utilised for nasal
secretion sampling in CS¥6 are specifically designed to avoid contact bleeding seen with other nasal
sampling techniques (Thwaiteset al., 2018)and no visible blood was observed on SAM strips during
collection and subsequent analysis. Saliva-to-plasma ratios remained constant across dosing cohorts
and between Day 1 and Day 3. This suggests that, although saliva FVP concentrations are much lower
than plasma, saliva could be a useful surrogate for estimating plasma exposures in situations where

obtaining blood samples is challenging (e.qg. field settings).

Bioanalytical quantification of a drug in dried specimens, such as nasal and tear swabs, relies on an

accurate measurement of the sample volume. This can be achieved either through visual inspection
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(using graduated markings on the tear strip) or by weighing the swab (SAM). Obtaining accurate volumes

using TTSand SAM strips can be difficult. Ocular fluid is clear and therefore accurately ascertaining the

volume absorbed onto the strip can be difficult by eye, especially if the test strip begins to dry prior to
observing the volume. Similarly, weighing of SAMrips before and after use with an assumed conversion
YnWNWINWAWRUNWI e ¢ 0 WaVYWNLW x W 3t 28 qt WRU Wuts td hgldrtue 13 U q L

containing a degree of inaccuracy.

Interindividual variability was high across plasma and noiplasma matrices, which has been similarly
observed in other clinical trials investigating FVIRGulhanet al., 2022; Haydenret al., 2022; Hayderet al.,
2023hb). Moreover, AGILE CS® involved very smalparticipant numbers and as such, lacked the power
to determine if such variability would exist on a population scale. Other factors may also have
contributed to the variability seen, such as the severity of COVHD9 disease in theparticipants that may
have altered their metabolism of the drugShen and Wang, 2021; Cebaset al., 2023) Furthermore,
participant may have received other fluid infusions that mapave contributed to the variability observed.
Body weight has also been reported to effect FVP metabolisrRarticipants with body weight > 80 kg have
been shown to have greater metabolism of FVP, indicated by high ratios of inactive FVR td FVP
(Haydenet al., 2023b) Half of theparticipants (8/16) had a body weight > 80kg and therefore could have
relatively higher FVP metabolism than the otheparticipants and this could have been a source of
variability. Direct measurement of the M1 metabolite in the CS® study population could provide further
insights into the interindividual variability in PK. Finally, genetic polymorphisms in th&O gene AOX))
could contribute to differences in FVP metabolism and variability in PKiore broadly. There are reports
of AOX1variants that lead to altered drug metabolism(Hartmann et al., 2012; Uedaet al., 2022)in East
Asian and Central European populations and therefore it may be pertinent to conduct pharmacogenomic

studies relating to AO polymorphism and FVP metabolism.

In the AGILE CS® trial, IV dosing was used in order to attain higher plasma FVP concentrations than

seen with oral dosing regimens. It was postulated that this would also lead to increased levels of the
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active intracellular metabolite, FFRTRPertinez et al., 2021) resulting in improved antiviral activity

(Chapter 6, 8). Exploratory virology assessments in the AGILE G&$tudy did not indicate that IV FVP

has significant activity against SARE0V-2 in this population compared with SoC. At Day 29, the mean

change! YO WA¢t DGRUINWIEYNH/MW2ZRI ¢GWiYel Ws ¢t WHOT WRU WS 1 LWE

small sample size, along with variability in individual drug exposure, concomitant antiviral treatments,

and baseline viral load, limited the feasibility of aletailed pharmacodynamic analysis. Day 3 Gugn FVP

in the 2400 mg cohort were in range of or exceeded the target of 24900 ng/ mL (SARS-2 EG,, 159
~pAWETGWYq6 1l Wi Y It WRU213t qRNeqT Wi RT WUOYqWl WGRe AT

studies utilising oral FVP for COVIEL9, at lower doses than CSB, may not have achieved plasma FVP

concentrations high enough to effectively inhibit viral replication. Selecting a target plasma

concentration for FVP in COVIEL9 treatment is somewhatdifficult, as a wide range of Eg values have

been reported (61.88r = MT ION LU, T38500Mg/LY bitith limited evidence suggesting an Egas high

PMML, ~ Wel T Y(€hoyidl] P02 KHastoriet al., 2020; Shannoret al., 2020; Wanget al., 2020b)

It is therefore possible that the CS¥6 trial target was too low to achieve an antiviral effectRowland,

2025).

In conclusion, attaining FVP concentrations in plasma above the Egtarget requires doses of 2400 mg
BD. FVP penetrates matrices relevant to SARSoV-2 transmission, primarily the nasal secretions, tears
and to a lesser extent, saliva. Interindividual variability is a persistent feature of FMPK across all

matrices and therefore further investigation into individual factors (such as pharmacogenomics) is

warranted alongside direct measurement of the M1 metabolite.
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Chapter 5

A Novel LC-MS/MS Method for the Determination
of Favipiravir Ribofuranosyl -P friphosphate (F-
RTP) inHuman Peripheral Blood Mononuclear
Cells
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5.1 Introduction

Due to its broadspectrum activity, oral FVP has been investigated and utilised as a repurposed
therapeutic for treatment of EVDduring the 20142015 outbreak in West Africa and most recentljo treat

SARSCoV-2 infection in Asia(Nguyenet al., 2017; Du and Chen, 2020b)

While early clinical studies indicated oral FVP to be efficacious in individuals with mild to moderate
COVID19 disease(Shinkaiet al., 2021; Udwadiaet al., 2021; Chuahet al., 2022) more recent data from
RCTs suggests that oral FVP does not substantially improve clinical outcomes in patients with COVID
19. In the PIONEER trial, 25farticipants were randomised to receive FVP plus SoC with a further 248
participants receiving SoC onlyParticipants in the FVP arm received 1800 ni§Don day 1 on treatment,
followed by 800 mgBD for a further 9 days. The trial concluded that there was no significant difference
in time to recovery betweerparticipants who received FVP and those who received SoC alone. Pdgic
analysis indicated there may be faster recovery iparticipants below 60 years of age, but use of FVP

should be with caution until further daa becomes available(Shahet al., 2023)

The lack of virologic efficacy and symptom improvement as seen in these studies has been attributed to
the dose of FVP administered, which is the same used to treat influenza virus, as well as lower than
expected plasma FVP concentrations. Indeedjn vitro evidence implies that higher doses may be
required to effectively treat SARSCoV-2. The use of a novelV formulation of FVP is postulated to
overcome the previous issues encountered; bypassing first pass metabolism may achieve higher plasma
concentrations of FVP, and therefore of the intracellular active metabolite (RTP), resulting in more

pronounced efficacy.

The complex, nonlinear PKof FVPand wide ranging EG adds difficulty to identifying the appropriate
dosing regimen for emerging infectious diseases such as COWI®. For SARE0V-2, the reported EGo
of FVPranges from 62 to over 500 uM (10000 to > 78000 ng/n{Marlin et al., 2022) Given that FVP is

approximately 54% protein bound, studies investigating FVP for the treatment of COVID have targeted
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a Gnin of 20000 ng/ml{Haydenet al., 2023b) Variability in FVP PK has been observed across animal
species, with day 7 average plasma concentrations 1954% lower in Mauritian cynomolgus macaques
compared to Chinese cynomolgus macaquegMadelain et al., 2017)and in human trials investigating
FVP for EBOV infection, where plasma concentrations are reported to be 50% lower in patients from the
United States than patients from Japar{Madelainet al., 2017) Similarly, the JIKI trial investigated FVP
for the treatment of EBOV disease and found that, although FVP was well tolerated, results were not
definitive regarding safety or improvement of clinical outcomegSissokoet al., 2016) This may be due
to plasma concentrations not achieving target exposure, variability between patients and unexpected

reduction in plasma concentrations that were of undefined causegNguyenet al., 2017)

To assist with appropriate dose selection for COVIEL9, it would be beneficial to ascertain in vivo
concentrations of FRTP at the site of action, within respiratory tissues. Cell types that may be of special
interest are cells of the sinonasal airway epfielium, alveolar type Il (ATII) cells, alveolar epithelial cells,
and bronchial epithelial cells, the primary targets of SARE0V-2 (Bridges et al., 2022) PBMC are
considered as a viable alternative to tissue biopsy, given the availability of peripheral blood and ethical
and practical difficulties of collecting tissue biopsies and isolating cells from the respiratory trac{Du
and Chen, 2020a) As FRTP is formed in PBM@gency, 2014)quantitative measurements in PBMC may
serve as a surrogate for intracellular /RTP tissue exposures at the site of action (e.g. in lung tissue).
There are limitedin vivohuman PK data for FRTP. The reported terminal hallife (tz) of FRTP in PBMC
is approximately 2 h, compared to 4.2 h in the lung, and the therapeutic effect of FVP is thought to be

dependent on maintaining a minimum concentration of FRTP in the tissuéAgency, 2014)

The AGILE CS® trial (EudraCT 2028001860r27) investigated multiple ascending doses of FVEiven IV
to hospitalised participants with PCR confirmed COVIEL9. IV FVP was infused for 1 h every 12 h for 7
days, and PBMC samples were collected between 612 h following completion of the first infusion on

days 1, 3 and 5.
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This chapter describes the development and validation of an L&S/MS method for quantification of F

RTP in PBMC iparticipants receiving IV FPV as part of the AGILE C&Tlinical trial.

5.2 LiteratureReview

Prior to method development a literature search was conducted to establish common parameters for
LC-MS/MS methods quantifying triphosphorylated metabolites (NTPs) in PBMCs. The search was
expanded to include any triphosphorylated analytes as there were rarticles found for the quantification

of FRTP by LVIS/MS. Using the searchtermg g1 RG6 Yt G6 ¢ q 1J KsatRdbRledDédiatxd 8 ~ E CIC
total of 26 results. Two were excluded as irrelevant (not L-®S/MS method validation articles) and two

were excluded as hey did not include full details of the methodology.

The remaining 22 articles (Table 5:2) were evaluated for the methodology with respect to LC column,
sample extraction, calibration range and units and mobile phases to establish starting parameters for

method development.
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Fang & LiceaPerez
(Fang and Licea
Perez, 2023)

Parsons et al.
(PARSONSET AL,
2021)

Roosendaal et al.
(Roosendaal et al.,
2019)

Sun et al.
(Sunet al., 2019)

Derissen et al.
(Derissen et al.,
2015)

Jimmerson et al.
(Jimmerson et al.,
2015)

Kaml eva et al.
bluc¢ 0T did.¢
2015)

Huang et al.
(Huanget al., 2013)

2023

2021

2019

2019

2015

2015

2015

2013

GSKL1 triphosphate
GSk1 diphosphate

. -D-N4-hydroxycytidine (NHC)
triphosphate

. -decitabine mono-, di- and
triphosphate

MK-8592 triphosphate
MK-8591 diphosphate

5-fluorouridine-P-
triphosphate (FUTP),
5-fluoro-=-deoxyuridine-P-
triphosphate (FAUTP)

5-fluoro-=1 Y #$! 2 |-R]

monophosphate (FAUMP)

Ribavirin mono, di- and
triphosphate

Gemcitabine triphosphate

Fludarabine triphosphate

Indirect

Direct

Direct

Direct

Direct

Indirect

Direct

Direct

C18

C18

Silica

Anion Exchange

Anion Exchange

Porous Graphitic
Carbon

Porous Graphitic
Carbon

Positive

Negative

Positive

Positive/Negative

Negative

Positive

Positive/Negative
switch (segmented)

Negative
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Else et al.
(Elseet al., 2012)

Pruvost et al.

Compain et al.
(Compain et al.,
2007)

King et al.
(Kinget al., 2006)

Lee et al.
(Leeet al., 2006)

Veltkamp et al.
(Veltkamp et al.,
2006)

Hawkins et al.
(Hawkins et al.,
2005)

Wang et al.
(Wanget al., 2004)

(Pruvost et al., 2008)

2012

2008

2007

2006

2006

2006

2005

2004

Lamivudine triphosphate

Carbovir triphosphate
Lamivudine triphosphate
Tenofovir diphosphate

Zidovudine mono- and
triphosphate

Tenofovir diphosphate

2'-fluoro-5-methyl-beta-I-
arabinofuranosyl uracil
triphosphate
Gemcitabine triphosphate

Tenofovir diphosphate
Carbovir triphosphate
Lamivudine triphosphate

Emtricitabine triphosphate

Direct

Direct

Direct

Indirect

Direct

Direct

Direct

Direct

Cis (with ion-pairing)

Octadecyl-bonded
Polymer Gs

Octadecyl-bonded
Polymer Gs

Ether-linked phenyl

Cis (with ion-pairing)

Anion exchange

Cis (with ion-pairing)

Cis (with ion-pairing)

Positive

Positive

Positive

Positive

Negative

Negative

Positive

Positive
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Becher et al.
(Becher et al., 2002)

Shi et al.
(Shiet al., 2002)

Pruvost et al.
(Pruvost et al., 2001)

Chi et al.
(Chiet al., 2001)

Moore et al.
(Moore et al., 2000)

Rodriguez et al.
(Rodriguezet al.,
2000)

2002

2002

2001

2001

2000

2000

Zidovudine triphosphate

2',3'-didehydro-2',3'-dideoxy-
5-fluorocytidine (D4FC)
triphosphate
Stavudine triphosphate

Thymidine triphosphate

Zidovudine triphosphate
Lamivudine triphosphate
Stavudine triphosphate
Lamivudine triphosphate
Zidovudine triphosphate

Direct

Direct

Direct

Direct

Direct

Indirect

Octadecyl-bonded
Polymer Gs

Anion exchange

Cis (with ion-pairing)

Cs

C18 (with ionpairing)

Negative

Negative

Negative

Negative

Negative

Positive

Table 5.21 Table of reviewed articles fonucleoside/tide triphosphate quantification in PBMC. MSwmass spectrometer

162



5.2.1 ExtractionProcedure

Seventeen methods of the 22 quantified the NTP moiety directfChi et al., 2001; Pruvostet al., 2001;
Becheret al., 2002; Shiet al., 2002; Wanget al., 2004; Hawkinset al., 2005; Leeet al., 2006; Veltkampet
al., 2006; Compainet al., 2007; Pruvostet al., 2008; Elseet al., 2012; Huanget al., 2013; Derissenret al.,

= MNP 6 LWu ét &l] 2055,cRoosendaakt al., 2019; Sunet al., 2019; Parsonset al., 2021) compared
with five methods that used indirect measurement via derivitisation/dephosphorylation and
guantification of the parent analyte (Moore et al., 2000; Rodriguezet al., 2000; Kinget al., 2006;
Jimmerson et al, 2015; Fang and Licederez, 2023) Indirect analyses involve converting
phosphorylated metabolites back to parent drug via solid phase extraction (SPE) and phosphatase
enzyme digestion and further sample extraction. Briefly, a potassium chloride gradient is used to
separate mono- di- and triphosphorylated forms of the nucleoside via anion exchange SPE before
dephosphorylation using either acidic or alkaline phosphatases and a final SPE cleamp to remove salts
and buffers used in the previous SPE and enzymatic steps. Direct methods involgeantifying the
phosphorylated moieties themselves in the matrix and are advantageous because they enable high
sample throughput, enhanced sensitivity and higher recovery but are limited by matrix effects which can
lead to ion suppression. Indirect method are limited due to sample preparation being labouintensive
and time consuming, owing to the three stages required (fractionation, dephosphorylation, dsalting)
prior to LGMS/MS analysis. This in turn leads to lower sample throughput, and more variabtirug

recovery with loss of analyte potentially occurring during each stefGautamet al., 2020)

Direct quantification of NTP was most commonly performed, including direct injectiorfChi et al., 2001;
Pruvostet al., 2001; Becheret al., 2002; Compainet al., 2007; Pruvostet al., 2008; Huanget al., 2013;
Derissenet al., 2015; Roosendaakt al., 2019; Parsonset al., 2021) SFE (Wanget al., 2004; Hawkinset
al., 2005)and protein precipitation using a variety of solvents such as 609%deOH, perchloric acid and
CAN(Shiet al., 2002; Leeet al., 2006; Veltkampet al., 2006; Elseet al.A LU= MN = 6 LHat, Q003 Sun

et al.,, 2019)
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SPE offers the most thorough sample cleaip when compared to either direct injection or protein
precipitation (Siqueira Sandrinet al., 2022) Potential interfering components within the sample matrix
are removed by their interaction with a sorbent bed within the SPE cartridge and affinity for the wash
solutions that are passed through the cartridge. With each wash, sample matrix components are
removed, and the analyte of interest remains adsorbed to the sorbent until the final elution step where
the analyte is flushed from the sorbent into the eluate solution which can then be dried under nitrogen
and reconstituted in a solvent that is favourake to the mass spectrometer (Poole, 2002)Two direct
guantitation methods utilised SPE with ionpairing (Hawkins et al., 2005)and anion exchangéWanget

al., 2004)

5.2.2 SeparationMethod/Mobile Phase

For the direct measurement of NTP, eleven methods reported use of reverse phase chromatography with
Ciscolumns (Chiet al., 2001; Pruvostet al., 2001; Becheret al., 2002; Wanget al., 2004; Hawkinset al.,
2005; Leeet al., 2006; Compainet al., 2007; Pruvostet al., 2008; Elseet al., 2012; Roosendaalet al.,
2019; Parsonset al., 2021) Six of themethods usedC;s columns coupled with ion-pairing reagents, such
as dimethylhexylamine; DMHAPruvostet al., 2001; Becheret al., 2002; Leeet al., 2006; Compainet al.,
2007; Pruvostet al., 2008; Elseet al., 2012) lon-pairing reagents can cause methodological problems
such as poor column longevity, peak shifts and ion suppressioifHuang et al., 2013) A further four
reports utilised anion exchange chromatography (Biobasic AX columns [ThermoFish€Bhiet al., 2002;
Veltkamp et al., 2006; Derissenet al., 2015; Sunet al., 2019) Negatively charged compounds (such as
phosphorylated metabolites) interact with the positively charged stationary phase and are eluted using
mobile phases at low and high pH in a gradient flow. Other HPLC columns used included porous
graphitic carbon (PGT) stationary phases(Huanget al.& LU= MN O 6 l¢halg Z015MRGE offers excellent
separation for very polar analytegAyrtonet al., 1995)and importantly for phosphorylated compounds,

separation of components that are structurally related.
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For indirect methods, Rodriguezt al. (2000), Fang and LiceaPerez(2023)and Mooreet al. (2000)utilised
Cisseparation for the detection of the parent analyte following dephosphorylation. One method used:&
separation (Jimmersonet al., 2015), whilst the final method used ether linked phenyl chemistryKinget
al., 2006) The ether linked phenyl phases offer improvements over traditional.€in the separation of

ionised bases, hence their functionality in the separation of phosphorylated moieties.

For the mobile phases in direct quantitation methods, ammonium buffers were widely used in
concentrations ranging from 1 mM to 100 mM. Ammonium formate was most commonly usg¢8ruvost
et al., 2001; Becheret al., 2002; Leeet al., 2006; Compainet al., 2007; Pruvostet al., 2008; Elseet al.,
2012; Parsonset al., 2021) followed by ammonium acetate (Shiet al., 2002; Veltkampet al., 2006;
Huanget al., 2013; Derissenet al., 2015; Roosendaakt al., 2019; Sunet al., 2019) A pH gradient was
often used with mobile phase A adjusted to a lower pH by the addition of an acid (acetic, formic) and
mobile phase B adjusted to a higher pH by addition of a base (ammonium hydroxide,
dimethylhexylamine). For indirect quantitation, three methods used simple mobile phases containing
H.O (mobile phase A) and a solvent, eitheMeOH (Rodriguezet al., 2000)or ACN (Kinget al., 2006;
Jimmersonet al., 2015)for mobile phase B, with pH adjustment using formic acid or acetic acid. The two
remaining indirect analyses used buffered water and solvent for mobile phase A and B, respectively,

using ammonium bicarbonate(Fang and LiceaPerez, 2023r ammonia solution (Mooreet al., 2000)
5.2.3 MassSpectrometer Parameters

Eight of the direct quantitation methods operated the mass spectrometer in negative ionisation mode
(Chiet al., 2001; Pruvostt al., 2001; Becheret al., 2002; Leeet al., 2006; Veltkampet al., 2006; Compain
et al., 2007; Derissenet al., 2015) Seven methods utilised positive ionisation modgShiet al., 2002;
Wanget al., 2004; Hawkinset al., 2005; Pruvostet al., 2008; Elseet al., 2012; Roosendaakt al., 2019;
Parsonset al., 2021)whilst a further two methods used a combination of positive and negative mode

blu ¢ O Tetla®, 015; Suret al., 2019)
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Achieving optimum ionisation of phosphorylated metabolites can be challenging, with reports of
interfering peaks when using negative ionisation modéSunet al., 2019) This is potentially the result of
endogenous nucleoside triphosphates, such as deoxycytidine triphosphate in the analysis of D4FC
triphosphate (Shiet al., 2002) Using negative ionisation mode also generates the pyrophosphate ion
(m/z 159), which is a nonspecific product ion present in all di and triphosphorylated nucleoside analogs
(Strzeleckaet al., 2017) When using positive ionisation mode, ion suppression may occur leading to
enhanced matrix effect from endogenous nucleoside phosphates which may cause inaccurate results
and decreased sensitivitfShi et al., 2002; Sunet al., 2019) It is therefore importantto consider both
positive and negative ionisation mode during assay development, to establish the optimum sensitivity

and product ions for phosphorylated compounds.

Indirect quantitation methods (Mooreet al., 2000; Rodriguezt al., 2000; Kinget al., 2006; Jimmersoret
al., 2015; Fang and Licederez, 2023)all used positive ionisation mode for the mass spectrometer
settings. As these methods involve quantifying the parent moiety derivatised from the phosphorylated
metabolites, the ionisation challenges encountered when measuring more polar, charged

phosphorylated species are less likely to occur.

5.2.4 Units andCell Number

Of the reviewed methods, the concentration units and cell count used for the standards an@Cs broadly
differed. Ideally, standards and QC samples should be prepared in a matrix comparable to the incurred
clinical samples, which in this case is PBMC cell lysate. For most methodstandards were prepared in
cell lysate with on-column cell counts ranging from 1 to 10 milliorcells per sample. Calibration ranges
were expressed in either ng or molar units, such as pmol or fmol, per number of cells depending e

analyte of interest.
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5.2.5 StartingConditions

9YUt RTWI ROUNDWSWWI W2RWs BT WaRaqUl ¢qel WwWe Ul WqddWae A AYI
PBMC anddried blood spots (DBS), the following starting conditions were established. Extraction of F

RTP from PBMC using weak anion exchange (WAX) SPE, chromatographic separation using a
ThermoFisher Biobasic AXcolumn (50 x 1mm , 5 um) and mobile phases of 10 mM ammonium acetate

ACN (70:30, v/v; pH 5.5) and 20 mM ammonium acetat&CN (70:30, v/v pH 10.5)Thompsonet al.,

2023).

5.3 Materials and Methods

5.3.1 Chemicals

FRTP Sodium Salt and théS, tenofovir-d6-diphosphate (TFVYd6-DP), were purchased from Toronto
Research Chemicals, Ontario, Canada. An Avidity Duo system (Avidity Science, Buckinghamshire, UK)
supplied ultra-Ga | 13 W bHOY Ammierilum acetate, formic acid and ammonium hydroxide were
purchased from Merck (Gillingham, UK)MeOH and ACN of LC-MS grade were acquired from Fisher
Scientific (Loughborough, UK). PBMC were isolated from drfgee whole blood obtained from the
National Health Service Blood and Transplant service (Liverpool, UKBthical approval was granted by

the NHS Health Research Authority.

5.3.2 Equipment

The system comprised a Shimadzu Nexera® X2 uHPLC (pumps, column oven, autosampler; Milton
Keynes, UK) coupled to an AB Sciex 5500 triple quadrupole mass spectrometer with a heat&t source

(AB Sciex, Framingham, MA, USA). Column oven and autosampler temperatures were set at 40°C and
4°C, respectively. A ThermoFisher Biobasic AX60 x 1 mm, 5 um column was used for separation and

elution. Waters (Wilmslow, UK) OASIS weak anion exchange (WAX) solid phase extraction (SPE)
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cartridges (1cc, 30 mg/mL) were used for sample preparation. Data was acquired using Analyst (v1.6.1)

and quantified using MultiQuant (v3.0.3) (AB Sciex).

5.3.3 PBMCsolation for Standard and Quality Control Samples

For the preparation ofstandards and QC samples, PBMC were isolated from druffee whole blood
collected from healthy volunteers via the NHS Blood and Transplant Service. A 50 mL Falcon tube was
filled with 10 mL Ficoll Paque Plus (Cytiva, Buckinghamshire, UK). Whole blood (20 mL) wasetally
added to the tube, such that the whole blood rested on top of the Ficoll. Tubes were centrifuged at 671 x
g for 30 min, with no deceleration brake. The plasma layer was carefully removed using Pasteur pipettes
and discarded. The layer at the interface (i.e. buffy coat) was transferred intoclean 50 mL Falcon tube
2t RUDWc WAe¢t qPlel WGRGUqaqltloWf #UWHEYGT Wee Ut t k WHeGe UR
volume of 50 mL and tubes centrifuged at 67X gfor 5 min. Supernatant was discarded before
reconstitution of the pellet in 10 mL of HBSS and cell countingising a NucleoCounter® NG200#
automated cell counter. Tubes were recentrifuged at 671x gfor 5 min and supernatant was discarded.

In order to lyse the ells, the pellet was resuspended in 477.5 mL dfleOH H,O (70:30, v/v) to obtain a

final cell count of 2 x 10 cells/mL (total cell count 954,750,000).
5.3.4 Standard and Quality ControlPreparation

F-RTP Sodium Salt stock powder was diluted iMeOH-0.5% formic acid inH,O (95:5, v/v) to a final
concentration of 950 uM. Intermediatesolutions were prepared by dilution of the stock solution in

MeOH H,O (70:30, v/v). Nine intermediate solutions for the calibration curve were generated at the
following concentrations: 114000, 57000, 40014, 30011, 19987, 11992, 3981, 2389 and 1194 nM. QC
intermediate solutions were made at concentrations of 60002, 32305,%219 and 1194 nM. Intermediate
solutions were spikd WRUq VY WHIIG O WG! + ¢ qldWe = Midells)y il Rddocd alodlibrétorlH Y U q
curve with the following concentration levels: 2280, 1140, 800, 600, 400, 240, 70, 48, and 24

pmol/sample (1 mL containing 2 x10 cells). QC samples were spiked in the same manner to a final
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concentration of 1300, 700, 55 and 24 pmol/sample for high, medium, low and lower limit of

guantification QCs, respectively.

IS stock solution was made to a concentration of 2 mM by diluting 1 mg of TE8-DP in 900 pL oH,0.
Working IS solution was made by diluting the stock 1 in 100 witdeOH H,O (70:30, v/v) to a final

concentration of 20 uM.

An on-column cell count of 2x1( cells/sample was used and FRTP concentrations expressed as nM

then converted to pmol/1C° cells using the sample cell count provided by the investigator site.

5.3.5 ExtractionProcedure

The volume of PBMC lysate used was calculated so that the amolumn sample contained 2 x 10
cells/mL. For the standards and QCs, this equated to 1 mL. To all samples, 1 mL ACN containing 2%
formic acid was added, followed by 20 pL of IS (TF46-DP, 20 uM). Samples were vortex mixed and
centrifuged at 2688x g SPE cartridges were conditioned with 1 mL of 100deOHand centrifuged for 1
minute at 377x g The SPE cartridges were further conditioned witH.O -MeOH-formic acid (73:25:2,
v/iviv) and centrifuged. Cartridges were transferred into clean borosilicate tubes and loaded with 1 mL of
sample and centrifuged. This step was repeated for any remaining sample volume. SPE caldes were
washed with 1 mL of deionised water, followed byleOH-H,O (50:50, v/v). Finally, the cartridges were
removed into clean borosilicate tubes before elution with 1 mL oACN- H,O -ammonium hydroxide
(73:25:2, vlviv). Eluate was dried under nitrogen flow overnight at ambient temperature and

reconstituted in 200 uL oMeOH-H,O (70:30, v/v).

5.3.6 LGMS/MSConditions

FRTP and TRd6-DP were tuned on an AB Sciex 5500 triple quadrupole mass spectrometer. Solutions
of 1 uM were prepared of each compound iMeOH- H,O (50:50, v/v). The solutions were directly infused
into the source to allow for optimisation of the parameters for the first quadrupole (Q1) declustering
potential (DP) and entrance potential (EP). Following successful detection of the parent ion and
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optimised Q1, the third quadrupole (Q3) can be used for detection of product ions. Two parameters were
also optimised for Q3T collision energy (CE) and cell exit potential (CXP). Following this, a flow injection
analysis (FIA) was performed to optimise t source temperature, voltage and gas flows. An aqueous
sample with FRTP (50 uM) and TF¥6-DP (20 uM) irMeOH H,O (50:50, v/v) was injected through a

union column with the mobile phase set to 50% B. Continuous injections were performed over 30 min,
with small changes in each source parameter made every three injections to establish optimum signal

intensity. Finalised mass spectrometer conditions are presented in Table 5.6:1.

A ThermoFisher Biobasic AXcolumn (5 um; 50 x 1 mm) was used for separation with 10 mM ammonium
acetate-ACN (70:30, v/v) adjusted to pH 5.5 with acetic acid as mobile phase A and 20 mM ammonium
acetate-ACN (70:30, v/v) adjusted to pH 10.5 with ammonium hydroxide solution as mobile phase B. A
gradient method with a flow rate of 0.25uL/min was used. Initial conditions of 15% B were held for 0.5
min, increased to 90% B for a further 3 min, and then held at 100% B for 3 min before returning to 10% B
for 5.5 min to reequilibrate the column at more acidic pH, for a total run time of 12 min. ehcolumn

conditioning step with low %B is essential for retention of the analyte on the Biobagicolumn.

5.4 Validation Methodology

Method validation was conducted considering guidance from European Medicines Agency (EMA; 2012)
and US Food and Drug Administration (FDA; 2018) guideli&VA, 2012; FDA, 2018aMatrix and
recovery experiments were performed as detailed by Matuszewski et @latuszewskiet al., 2003)
Although the hternational Council of Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICHM10 guidelines are now in use for bioanalytical method validation, the experiments
detailed were conducted during a phase between the ICH M10 being published apdor to adoption of

the guidelines by our laboratory.
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5.4.1 Precision andAccuracy

The precision and accuracy of the assay was assessed by analysis of calibration curve with LLQ, LQC,
MQC and HQC samples in quadruplicate run over a period of five days. Batches were accepted if > 67%

of all QCs, and 50% at each level were within +15% dfd nominal concentration, or 20% for LLQ.

5.4.2 Matrix andRecovery

Matrix and recovery were both established using methods described by Matuszewsiial (2003). Blood
from a single donor was used due to the high volume of whole blood needed to generate significant
enough numbers of isolated PBMC for lysis to obtain a final cell count of 2 x®1@lls/mL. Extracted LQC,
MQC and HQC samples were prepared (n =6) alongside a further six of each QC level prepared by spiking
of FRTP into final reconstitution solution leOH H.O, 70:30, v/v) and into extracted blank PBMC. For
recovery, the peak area response of the neextracted (aqueous) samples was compared to thaof
samples pre-spiked with FRTP prior to extraction. The matrix effect was assessed by comparing the peak
area response of nonextracted QCs in reconstitution solution to that of FRTP spiked into blank PBMC
extract at each QC level (posextraction spiked samples). The recovery of analyte from matrix across

the calibration range was assessed for consistency by calculating %CV, with acceptance for %CV < 15%.
5.4.3 StabilityT Clinical Samples

The stability of FRTP in liquid whole blood prior to PBMC isolation was established using incurred
samples. Participants enrolled onto the CS76 trial (see 5.5 Clinical Application) provided consent under
Health Research Authority (HRA) ethics (Ref: 14/YH/1097) for a second CPT sample to be collected
concurrently with the CST6 trial CPT sample. The first tube (t = Oh; ctmol) was inverted to allow mixing

of the blood with anticoagulant and centrifuged as soon as practicable following blood draw (average

time to centrifugation = 15 min) and PBMCs isolated, counted, lysed and stored é80°C. The second
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CPT (t = 1h; stability) was inverted to mix whole blood and anticoagulant and incubated at room
temperature for 1 h before centrifugation and PBMC isolation, counting, lysis and storage &80°C.
Control and stability samples were analysed together on theame calibration curve and the percentage
difference of the calculated concentration (pmol/1(° cells) was evaluated. Reinjection reproducibility
was determined by reinjection of an accepted precision and accuracy experiment after 24 h storage in
the autosampler at 4°C. Testing is ongoing to establish the loagrm stability of FRTP in spiked PBMC

lysate.

5.4.4 Carryover

Carryover was assessed by examining the analyte response in the blanks following the highststndard
and calculating this as a percentage of the LLQ response. Acceptable response in the blank was < 20%

of the LLQ response.

5.5 Clinical Application

Whole blood for stability was collected fromparticipants on the CS76 trial in CPT for the isolation of
PBMC on days three and five between-@nd 12-h following the completion of the FVP IV infusion. Three
stability samples were collected from participants receiving 600 mg BD and one sample from a
participant in the 1200 mg BD cohort. CPT were centrifuged immediately following collection and the
PBMC layer isolated, cells counted and subsequently lysed in 1 mL &eOH H,O (70:30, v/v) before
storage at-80°C until analysis. At the time of LEMS/MS analysis, a given volume of PBMC lysate was
taken to achieve an oacolumn count of 2 x1@ cells and extracted as described above. Where cell counts

were below 2 x 10cells/mL, the entire sample was used (1 mL).
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5.6 Results

5.6.1 LGMS/MSConditions

Negative ion mode using MRM was used for the detection of TP (Table 5.6-1). Two m/z transitions

were initially monitored for FRTPTP Z T IO® I3 W= T = HOY W ¢ (HowdWweE We@bsermeai oA O M FOM
linearity of the calibration curve when using the product ion m/z 430.0 and therefore the validated
Gaq6 VYTl We qRERY ITheMAasT?KAdIME B30T RGYRGW Wa YURq VY JT Ws ¢+ WMNPN
FRTP eluted from the column at 1.57 min and TF¥6-DP eluted at 1.60 min, at 90% mobile phase B.

Example chromatograms from blank, double blank]S, lower limit of quantification (LLQ) and a clinical

sample are shown in Figure 5.6.411.

Previous experiments in our laborator§yThompsonet al., 2023)determined that apre-equilibration step
that involved conditioning the column for 60 min with mobile phase A was needed to retain the analytes
on column. It was also necessary to include an extended requilibration step at the end of the gradient

program to re-acidify the stationary phase of the column for the subsequent injection.
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Optimised Mass Spectrometer Parameter

Mass transition (Da) P=THO®s =~ MPNK®3 OP N
Collision Energy (V) -38 -30
Spray Voltage (ISV) -4500 -4500
Vaporizer Temperature (TEM°C) 500 500
lon Source Gas 1 (GS1) 50 50
lon Source Gas 2 (GS2) 50 50
Collision Gas (CAD) 8 8
Curtain Gas (CUR) 30 30

Table 5.6.21 Summary of mass spectrometer parameters for fRTP in PBMCFRTPwfavipiravir ribofuranosyl

triphosphate, TF\/d6-DP wtenofovir-d6-diphosphate
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Figure 5.6.31 FRTP chromatograms from extracted PBMC samples: A) double blank sample (no IS); B) blank with
IS; C) LLOQ and IS; articipant sample (186.4 pmol/1C cells) and IS
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5.6.2 Precision andAccuracy

The method was found to be both precise and accurate, with inteand intra-assay assessments within
+ 20% for the LLQ QC and within £ 15% of the nominal concentrations for LQC, MQC and HQC samples
(Table 5.6.21). Quadratic 1/¥ regression was utilised to produce the best fit for the concentration

detector response, with an average correlation coefficient ¢ of 0.99511 (n=3).
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Precision and Accuracy of the Method for Quantitation of F -RTP in PBMC

Inter-day | 25.02 2.38 9.51 -1.44 | 5485 528 9.63 4.79| 68297 67.86 9.94 399 | 127491 83.76 6.57 2.10

Intra-day | 24.28 0.62 254 1.16 |56.95 1.06 1.87 354| 71836 1277 178 262 | 1316.64 19.95 152 1.28

Table 5.6.21 Summary of precision and accuracy validation experimentperformed to validate the assay for quantitation of f/RTP in PBMC. LLO@lower limit of
quantitation, LQCwow quality control sample, MQCwmedium quality control sample, HQCuhigh quality control sample, SDustandard deviation, CViucoefficient
of variation, pmol - picomole
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5.6.3 Recovery andMatrix Effect

Matrix effect, recovery and process efficiency were assessed using LQC, MQC and HQC samples
(n =6). The results are presented in Tab®6.3-1. Matrix effect (ME) was 83% across the three
concentrations analysed whilst extraction recovery (RE) and process efficiency (PE) were 38%
and 33%, respectively. Although RE and PE are low, experimental results are consistent, with
coefficient of variation (%CV) values < 15% for all conditions (Table 5.613. The calculated RE
and PE are also consistent with similamethods, such as that reported for detection of ribavirin

triphosphate in PBMC(Jimmersonet al., 2015)

Matrix Effect and Recovery of F-RTP from PBMC

55 0.06 0.05 0.02 88.5 42.0 37.1
700 0.72 0.60 0.23 82.8 38.3 317
1300 1.49 1.17 0.44 78.9 37.4 29.5

Table 5.6.31 Results of matrix and recovery validation experiment for-RTP in PBMCMEwmatrix effect,
REurecovery, PELprocess efficiency, pmol- picomole

5.6.4 Stability

The stability of FRTP was evaluated using a total dbur sample pairs collected from three
participants enrolled on AGILE CS® receiving IV FPV (600 mg) on day 3 or day-RH° was found
to be unstable in liquid whole blood collected in CPT, when left at ambient temperature for
approximately 1 h (Table 5.6.41). The % decrease in4RTP concentration wasvariable and was
on average (range) 61% (185%). Extracted samples reinjected after 24 h in the autosampler

were found to be stable with %bias < 12% ah%oCV < 4% for all concentrations tested.
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Stability of F-RTP in Whole Blood Stored in CPT at Ambient Temperaturefor 1 Hour

Control 157.1

1 D3 6.05 17%
Stability 131.0
Control 127.9

1 D5 6.25 85%
Stability 18.9
Control 65.2

6 D3 6.50 82%
Stability 12.0*
Control 50.0

12 D5 6.27 59%
Stability 20.4

Min 17%

Max 85%

Mean 61%

St Dev 0.31

CV% 51.68

Table 5.6.41 Summary of stability experiment results. The HRTP] was assessed in an immediately
processed sample (control) and a sample where the whole blood was left for 1h in CPT before isolating the
PBMC (stability). *Unquantifiable FRTP; assigned a value of ¥2 Q. D3wDay 3, DauDay 5 Minwminimum,
Maxwmaximum, St Dewistandard deviation, CViwcoefficient of variation, pmol/1Cf upicomole per million

cells

5.6.5 Carryover

Carryover was assessed over the course dfve assays and was found to be < 15% after four

blanks following the ULQ(Table 5.6.51).
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Carryover of F-RTP in Blank Samples

3 98894 163 3409 4.8
4 98798 79 3250 2.4
3 572094 1127 4664 24.2
4 601564 8 5466 0.1
3 109991 94 1459 6.4
4 111518 91 2160 4.2
3 133457 227 3250 7.0
4 126310 92 3208 2.9
3 285025 86 3067 2.8
4 278242 106 2431 4.4
Average carryover (%) 5.9

Table 5.6.51 Carryover of FRTP from ULQ to extracted blank sampledJLQuwupper limit of quantitation,
LLQuiower limit of quantitation

5.6.6 Clinical Application

Figure 5.6.1-1 depicts a chromatogram from an extracted PBMC sample from participant
receiving IV FVP (600 mg BD, Day 3, 186.4 pmofitells). All of the samples collected for the
600 mg cohort were quantifiable, with FRTP concentrations on day 3, collected between 6 and
12 h post first IV FVP infusion, ranging between 60161L86.4 pmol/10° cells. The full dataset from

the CST6 trial is presented in Chapter 6.
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5.7 Discussion

A selective, accurate and precise LEMS/MS method has been developed for the measurement
of FRTP in humarPBMCs To the best of our knowledge, this is the first report of a method for
quantifying FRTP in PBMC. However, a recent publication described the quantitation of
surrogates of FVP metabolites using two-dimensional liquid chromatography (Sanchez
Hernandez et al., 2024) The described method offers a relatively simple sample preparation
method using weak anion exchange solid phase extraction. The method is a direct quantification
method, which does not involve complex dephosphorylation stages that can be timeonsuming

and laborious.

Positive ESI mode is generally preferred for analysis of phosphorylated metabolites as positive
ESI offers a greater level of specificity. This is largely due to generation of the diphosphate ion
(m/z 159) in negative mode, which often appears as the mostbundant product ion. Several
attempts were made to establish this method in positive ESI mode, howeverRTP signal was of
poor intensity during tuning and completely absent during analysis of extracted samples. This
phenomenon has been noted for triphosipate compounds, such as stavudine and zidovudine
triphosphate, where the base moieties only contain ring nitrogen molecules, rather than amino
related nitrogen molecules, which are well ionised in positive ESI modgiaoet al., 2018) Given
that FVP has a higher number of ring nitrogen molecules than amirassociated nitrogen
molecules, this phenomenon may explain the poor signal seen for-RTP fragmentation in
positive ionisation mode compared to negative ionisation mode. Our methodtherefore
proceeded in the negative ionisation mode utilising product ions other than the characteristic
diphosphate transition (m/z 159) to avoid any interference from endogenous phosphate
compounds. Moreover, it would be beneficial to assess the intercoversion between monao, di-

and triphosphorylated FVP ribofuranose which was not performed as part of this method
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validation. However, such an assessment posed a challenge due to the unavailability of

commercial standards for the MP and DP metabolites.

At the time of validation, the availability of FRTP stock powder was extremely limited, owing to
the difficulty in synthesising the compound. This made it challenging to perform precision and
accuracy experiments with a greater number of replicate QC sanies than described here. The
HQC was set at a concentration of 1300 pmoBx10° cells, which is approximately 57% of the
ULQ. Whilst EMA guidelines recommend that HQC samples are at least 75% of the highest
standard, the FDA guidelines do not stipulate sucha requirement. The QC samples were
continuously monitored throughout the validation and beyond, with no observed precision or
accuracy concerns. Similarly, despite efforts to procure FRTP SIUS (FRTR®Cs), the synthesis
also proved difficult for multiple commercial providers. Our method therefore uses TFRd6-DP
as this was the only phosphorylatedSthat was readily available at the time of validation. It is
anticipated that substitution of TF\d6-DP with FRTR*3Cs could offer improvements in assay
robustness and matrix effect, and it is the intention to incorporate an4RTP SIL as and when this

becomes commercially available (Chapter 7).

A single source of whole blood was used to isolate and lyse PBMC &tandard/QC preparation.
Multiple lots of blood should be assessed for selectivity and matrix effect, however due to the
volume of blood required (>200 mL) and ethical approval limitations, this was not possible at the
time of conducting these experiments. Freezdhaw assessments were not performed as
standards and QC samples were spiked fresh into lysate on the day of analysis. Establishing
freeze/thaw would be beneficial to further appication of this method. More detailed data
regarding the stability of FRTP will be sought in the future, as the application of the method

increases.

Clinical samples from the AGILE CS® cohort were analysed using pmol/sample calibration

curve and FRTP concentrations expressed as pmol/10cells using the cell counts provided by
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the trial laboratory. An orrcolumn cell count of 2 x 10 cells was utilised to normalise matrix

suppression from clinical samples which had variable cell counts. Clinical samples, due to low

sample volumes, did not undergo repeat analyses to conduct incurred sample reanalysis (ISR)
experiments. In many casesthe cell count of the clinical sample was such that the entire

b eGGuUWs ¢t WIIF6¢ et aldl-AiMgdYaLOy WAL FRIDILLnLE #ON LA ydlGdYWiq 6 131 13

perform ISR were extremely limited.

Our initial stability data from the three CS6 participants who provided paired blood samples
suggest that FRTP is unstable in whole blood left at room temperature in CPT. We observed
significant degradation of FRTP in 1 h of up to 85%, which reinforces the requirement for
immediate processing of PBMC samples taclinical sites. Phosphorylated metabolites are
unstable in the extracellular environment due to degradation by phosphatas€Schaueret al.,
2018), which limits the use of extracellularly spiked samples to infer fRTP stability in biological
matrices. Assessing the stability of FRTP using incurred whole blood collected frorparticipants
allowed for more accurate representation of the intracellular metabolite, rather than direct
spiking of extracellular FRTP solution into whole blood or PBMC lysate. However, this resulted
in only a small number of samples available to assess-RTP stabity. Evaluationof the stability

of FRTP in whole blood CPT vgaan essential step in determining the appropriate processing
window for the trial and for future cohorts.Participants on the CS76 trial were hospitalised on
general wards, rather than in a dedicated clinical research facility, therefore there were concerns
regarding any potential delays in getting samples from theparticipantk + W HIJT + RT 1JLW q Y LW
processing laboratory in time. CPT samples for the CSq trial were all processed within 30
minutes from blood being drawn. Further investigations are needed to detmine the extent of F

RTP degradation within this timeframe.

It is unknown whether FRTP instability is due to enzymatic degradation from phosphatases

present in the whole blood or because of environmental storage of the CPT, or a combination of
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both factors. It has been noted that refrigeration of CPT may be required after mixing of blood
with anticoagulant, to prevent degradation of nucleotides at room temperature. However, this is
generally considered for intervals of greater than 30 min betwee specimen collection and

centrifugation (Xiaoet al., 2018)

Further work is ongoing to quantify fRTP in dried blood spots (DBS). Results of these
experiments may shed further light on enzymatic degradation of-RTP in whole blood, as

enzymatic activity is halted in DBS samples compared to liquid whole blood storedn the

benchtop at room temperature (Hill, 2017). Comparison of FRTP in DBS and PBMC samples may

provide additional insights on the stability of FRTP. It may also be of interest in the future to

assess whether FVP itself is detectable in PBMC and DBS. Further to this, other relevant
respiratory matrices may be of interest, including exhaled breath condensate, epithelial lining

fluid and alveolar macrophages, which have been analysed for antiberculosis agents

(McCallum et al., 2020), and could provide a more localised picture oFVP¢ UT WR qt Wal RGE Yt G

distribution in target tissues for SARSCoV-2.

In conclusion, an LG'MS method has been optimized and validated for quantification of-RTP in
human PBMC. The assay was successfully used to quantifyfTP in clinical samples obtained

from participants enrolled on the AGILE CS® clinical trial (Chapter 6).
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Chapter 6

Pharmacokinetics of Favipiravir
Ribofuranosyl -P Kriphosphate in Human
Peripheral Blood Mononuclear Cells
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6.1 Introduction

FVP is a prodrug that is metabolised intracellularly into the active-RTP. Conversion of FVP to F
RMP occurs in a single step via the hypoxanthinguanine phosphoribofuranosyl transferase
enzyme (HGPRT) (Figure 61), albeit inefficiently (Naesens et al., 2013) Cellular kinases

convert FRMP to the active FRTP(Furutaet al., 2005; Smeeet al., 2009)

Enzymatic Pathway for Conversion of FVP to FRTP

F CONH
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6.1-1 Postulated route of FVP conversion to-RTP (adapted fronfFuruta et al., 2005). FRMPwfavipiravir
ribofuranosyl monophosphate, FRTPuwfavipiravir ribofuranosyl triphosphate

It is unclear whether there is an intermediate diphosphate form between-RMP and FRTP; both
the mono- and triphosphorylated forms have been detected in cell lysate fromin vitro
experiments, with diphosphate remaining undetectable(Furutaet al., 2005; Smeeet al., 2009)
It is also possible that once formed, FRDP is rapidly phosphorylated to /RTP, hence remaining
undetectable. The specific antiviral activity of FRTP was confirmed during drug development,

with no antiviral activity observed against influenza foFVPribofuranose (FR) or FRMP even at
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HYURUDUOq! ¢ qRY Ut (RMDA, RO WitHin Selsiob the respiratory system, FRTP
competes with endogenous purine nucleotides, especially guanosineP riphosphate (GTP) and
to a lesser extent, adenosineP riphosphate (ATPJinet al., 2013) In vitroexperiments revealed
that addition of adenine, guanine, adenosine or guanine inhibited the antiviral activity of FVP,
reducing production of FRTP(Kiso et al., 2010) Viral RdRp misidentifies FRTP as a natural
nucleotide and it is incorporated into nascent viral RNA, leading to chain termination or lethal

mutagenesis.

In the case of coronaviruses (CoVs), the presence of nspl4 exonuclease (ExoN) that provides
post-replication error repair to the large genome, complicates the use of nucleoside analogs.
Nspl4 has been shown to remove certain analogs after their insertiontd the viral RNA by RdRp.
Cell culture studies revealed an increase in viral diversity suggesting that FVP acts as a mutagen
and can escape CoV ExoN repair mechanismgShannon et al., 2020) Sequence analysis
performed on influenza viral RNA following exposure to FVP demonstrated an increase i @,

C 38 T and C8 U transition mutations (Furuta et al., 2017)and similar mutation patterns were
observed in Vero cells infected with SARE0V-2 incubated with 500 uM FVRShannonet al.,
2020). This adds further pressure to the nucleotide content of the SARSoV-2 genome, which is

already low in cytosine (17.6%Joshiet al., 2021)

Severalin vitro experiments have investigated FRTP formation intracellularly. FRTP appears to
accumulate rapidly in multiple cell types (Vero, PBMC, HelLa, Huh) after incubation witVP with
maximum levels achieved by 9 h and maintained for up to 24 ($meeet al., 2009) Following
removal of FVP from cell media, intracellular RTP levels were maintained for approximately 2 h
before beginning to decline with a calculated mean halfife of 5.6 h(Smeeet al., 2009) FRTP
likely has a longer intracellular halflife than this calculation, due to the lag between @ 2 h before
FRTP concentrations began to decline. The Japanese Pharmaceuticals and Medical Devices

Agency (PMDA) tested FVP concentrations of 3GIN = M iidldl. applied to human PBMCs and
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found that FRTP was formed in a concentration and timelependent manner (PMDA, 2014)
Smee et al. (2009) also reported a direct relationship between FVP applied to Madibarby
Canine Kidney (MDCK) cells and intracellular-RTP, with 1 uM FVP equating to 3 pmol/¢ells
and 1000 uM FVP resulting in intracellular-RTP concentration of approximately 320 pmol/10
cells (Smeeet al., 2009) In a study using various cell types, it was reported that-RTP levels
increased in a FVP concentration dependent manner in HeLa cells, Vero cells and Huh cells.
Interestingly, A549 cells and HFF cells demonstrated low levels of RTP, irrespective of th FVP
concentration applied, suggesting that the efficiency of FRTP formation is dependent on cell
type (Bixleret al., 2018) MDCK cells infected with influenza A generated-RTP at similar levels
to uninfected cells during the first 12 h following incubation with FVP. In the infected cells,
between 12 and 24 h posincubation, F-RTP declined, compared to small increases in-RTP in
uninfected cells. This decline in FRTP in infected cells corresponded to increased virugiduced
cytopathology (Smeeet al., 2009) Similarly, HeLa and Vero cells exhibited a 8095% decrease

in FRTP 12 h following the removal of FVP from the cell medBixleret al., 2018)

There are limited animal data regarding the formation of-RTP following FVP dosing. Mice given

a single oral dose (20 mg/kg)f FVP reached maximum HRTP concentrations in the lung within 4

h. Maximum (mean) observed RTP levels in the lung was 0.683 ug/m@MDA, 2014) The

reported cumulative rate of elimination at steady state (1.16) implies that lung concentrations of

FRTP following repeated doses of-RTP would not substantially increase compared to those

with a single dose(PMDA, 2014) Mice receiving 300 mg/kg oral FVP once daily fore days were

found to have FRTP in the muscle, liver and kidney at 0.5, 0.1 and 0.05 pmole/mg (2.65 x*,10

529 x 1 and 265 x 1¢, No G NbL AW It GUHQR2 G ! OW[ YiRWPswasI DlWe W=
undetectable(Bixleret al., 2018) This indicates that thein vivohalf-life of FRTP may be extended

compared to the parent FVP, but not in line with other phosphorylated metabolites with halives

in the order of days, rather than hourgAndersonet al., 2018)
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Human data on FRTP PK are lacking, largely due to the ethical and practical difficulties in

obtaining appropriate tissue for quantitation, alongside the methodological complexities of

measuring intracellular phosphorylated metabolites (Chapter 5). In th@bsence ofclinical data,
PBPKmodelling has been used to establish an effective FVP dosing schedule for SARSV-2

infection (Pertinezet al., 2021) Usingin vitro data, simulations indicated that an oral loading

dose of 1600 mg BD followed by maintenance of 8001200 mg BD would achieve sufficient

plasma FVP (above the EGY n WUIZ M ®MMWUNOo G x 6 NP @, ~ b LIEMéhtdhi¢ki) + Y We AY

of FRTP against SARS0V-2 RdRp (21 uMjGordonet al., 2020)for 9 days (Figure 6.12).

PBPK Model Predictions of F-RTP Intracellular Concentrations
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Figure 6.%2 Favipiravir plasma [blue] and intracellular FRTP concentration [green] prediction€ombined
with in vitrointracellular pharmacokinetic modelling, for a dosing regimen of 160ng BD loading dose on
day 1 followed by 800ng BD maintenance dosing for 9 further dayseft) or 1600mg BD loading dose on
day 1 followed by 1200ng BD maintenance dosing for 9 further daysight)(Pertinez et al., 2021)

Administering FVP IV overcomes the pill burden of achieving high dose FVP with the 200 mg tablet
formulation. Further to this, previous trials have reported low systemic FVP after several days of
oral dosing, possibly due to the requirement for a loading dose with oral administration, which is
avoided by using IV infusion. It is also postulated that-RTP levels will be higher with the IV

formulation used in the CST6 trial than with oral formulations hat have been studied previously.
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This is due to complete bioavailability of IV formulations, that bypass the need for gastric
metabolism before distribution into the blood stream (Kim and De Jesus, 2025Although FVP
oral formulation has a high bioavailability, it is possible that the high pill burden or individual
differences in metabolism contribute to lowerthan-expected plasma FVP levelsFurther to this,
CST6 investigated higher doses of FVP than previously studied for COVID, and this was also
posited to achieve higher plasma FVP and in turn, higher intracellular-BTP levels. PBMC
samples were collected from participants enrolled on the CST6 trial to establish a detailed
understanding of the intacellular PK of FRTP, with the aim of informing appropriate dosing

regimens to sustain the antiviral activity of FVP in COVIIR patients.

6.2 Materials and Methods

The CS6 study design and inclusion/exclusion criteria are as stated in Chapter 4.2.1 and

4.2.2.

6.2.1 Sample Collection

CPT(sodium heparin, 8mL) were used to collect whole blood via venepuncture for the isolation
of PBMCs. CPT contain sodium heparin as the anticoagulant and Ficoll® high molecular weight
polysaccharide that allows for separation of PBMC from whole blood via desity gradient
centrifugation. CPT should be completely filled in order to obtain a sufficient number of PBMC
for downstream analysis.PBMC samples were collected at a single timepoint on Days 1, 3 and 5

at 6712 h post completion of the 1V infusion.

6.2.2 SampleProcessing

After collection CPT were gently inverted 8 10 times to mix the anticoagulant thoroughly and
kept upright at ambient temperature for transfer to the processing laboratory. CPT were

centrifuged (1500x g 20 minutes, no brake) at ambient temperature and the PBMC layer (white
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band under plasma layer) was removed into a Falcon tube using a Pasteur pipette. Cell
suspensions were washed and suspended in PBS (1x, pH 7.4) theentrifuged for 10 minutes at
1500 x g(break on) to obtain the cell pellet. Once the supernatant was removed using a Pasteur
pipette, the pellet was resuspended in exactly 10 mL of PBS (1x, pH 7.4) and mixed gently by
inverting the tube five times. Cells were counted using a NucleoCounter® NZDO# (operating
range: 5 x 101 1 x 10 cells/mL) automated cell counter; a 10 pL aliquot of the cell suspension
was applied to a TC20 counting slide on both sides (Chamber A and Chamber B) to perform
duplicate cell counts. The total cell count was calculated by multiplying the cell count/mL (for
each chamber) by the resgpension volume. If the cell count was outside of the operating range
of the cell counter, samples were repelleted and resuspended in a higher volume (high cell
count) or lower volume (low cell count). The conical tube was centrifuged for a further 15 nites

at 1000 rpm to pellet the cells, and supernatant removed using a Pasteur pipette. Exactly 1 mL of
ice-cold MeOH-H;O (70:30, v/v) was added to lyse the cells and resuspend the cell pellet.
Samples were vortex mixed (3 5 seconds) to ensure complete cell lysis. Approximately 1 mL of
cell lysate was transferred to a 1.8 mL cryovial (in duplicate), kept on wet ice and tsferred to

a-80°C freezer within 180 minutes of blood collection.
6.2.3 Bioanalysis

F-RTP concentrations in PBMC were quantified using the validated {S/MSassay described in
Chapter 5. An average total cell count for each sample was determined ([Chamber A + Chamber
B]/2). The clinical samples were injected onto the column at a standardized cell count of 2 x°.0
cells. The volume of lysate to use per sample to obtain an ecolumn cell count of 2 x 10 cells
was determined usingEquation 6.2.3 1.

GUp T i
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Equation 6.2.31 Calculation of lysate volume to obtain orcolumn cell count of 2 x 16 cells
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6.2.4 Pharmacokinetic and Statistical Analysis

On column FRTP levels (pmol/ 2 x Xells) were normalised to pmol/1C cells prior to PK
analysis. Calculation of PK parameters was not possible for-RTP PBMC due to the sparse
sampling schedule. Descriptive statistics were computed using WinNonlin software (Pheonix
64, v8.3, Certara, Radnor, PA). Samples with a visible cimatographic peak at the retention time
of FRTP that were below the limit of quantification (LLQ = 24 pmol/i@ells) were expressed as
% LLQ (12 pmol/10cells). Samples with no visble chromatographic peak that were below the
assay limit of detection (LOD) were excluded from the statistical analysis along with samples
with known processing issues that were considered to have a considerable impact on the

accurate quantitation of FRTP.

Non-linear regression was performed (SigmaPlot, v14.5, Paolo Alto, CA) using mgnsformed

FVP and FRTP concentrations, to establish potential correlations between plasma FVP and

PBMC FRTP concentrations at the 6 12 h timepoint. In order to make comprisons between the

clinical samples and the PBPKpredicted ~RTP concentrations (Pertinez et al., 2021) the

pmol/1062 ¢ G2 I3t Ws W1 JWEYU2 131 qUll WaqYW ~dWlet R@BnEMeON WG x LWE
al., 2005) FRTP concentrations expressed as pmol/10cells were divided by the volume of 1

GROGRYULWHNG Gt Wol RIOJIOWAIMMAMMMIWGXx WI WMIOMNW, x b Wa VY WHY U2

6.3 Results

FRTP was quantifiable in 24/42 (57%) PBMC samples. The median (range) time of CPT collection
post completion of the IV infusion was 6.28 (5.956.97) h. The median (range) total cell count for

all samples was 1.68 x 10(6.18 x 101 1.14 x 10) cells. Thirteen (31%) samples were excluded
from statistical analysis due to sample collection and/or processing issues. Two samples had a
cell count below the operating range of the cell counter, two samples had < 8 mL of whole blood

in the CPT, seven amples were haemolysed, and two samples were processed incorrectly. A
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further five (12%) samples were excluded due to being below the assay LOD, with no
chromatographic peak present. One sample was excludedRarticipant 005, Day 3) due to an
error during sample collection in which the blood samples (EDTA and CPT) were collected from
the same line that IV antibiotics had been administered into. Excluded samples are summarised
in Table 6.31. Plasma FVP and intracellular RTP were not correlated, with R=0.039 and p=0.871

(Figure 6.33).
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Sampling Issues Affecting Quantitation of F -RTP in PBMC

Participant ID Dose (mg) Day Sample issue <LOD/LLQ
FAV1049005 600 Day 3 Blood draw from same line as IV antibiotics were administered into. PBMC therefore also excluded. Quanélflllilzle ~
FAV1049008 1200 Day 1 No visible chromatographic peak. <LOD
FAV1049008 1200 Day 3 No visible chromatographic peak. <LOD
FAV1049010 1200 Day 1 Low blood volume (<8 mL) collected in CPT. <LOD

Sample had a cell count (cells/mL) below the operating range of the0 cell counter and should have been
FAV1049011 1200 Day 5 concentrated (resuspended in lower volume) but was instead diluted (resuspended in a bigger volume; 16 mL). Nc <LOD

chromatographic peak.
PBMC white band not visible following centrifugation of CPT, no visible pellet during isolation steps. Low total cell

FAV1049012 1200 Day 3 count (<7x10 cells). No chromatographic peak. <LOD
FAV1049015 1800 Day 3 The blood §amp|e (CPT) was haemolysed aftgr centrlfuga'\tl_on and a viable cell _count could not be obtained. Sample not
Therefore, it is not possible to derive a normalised (per million cells) concentration. analysed.
FAV1049015 1800 Day 5 The PBMC layer appeared haemolysed during isolation. No chromatographic peak. <LOD
FAV1049017 1800 Day 3 Low blood volume (<8 mL) collected in CPT. No visible chromatographic peak. <LOD
FAV1049018 1800 Day 1 1L'Ir_1(e?sample appeared to be haemolysed during isolation of PBMC. No chromatographic peak, sample below assa
FAV1049020 1800 Day 5 PBMC layer haemolysed, no observable white band following centrifugation of CPT. Low total cell count (<6%10 <LOD
cells). No chromatographic peak.
Upon removing the sample from the freezer, it was noted that it was frozen solid. PBMC lysate consists of 70%
FAV1049022 2400 Day 3 MeOH and does not usually become solid when stored aBOC. It is possible that an incorrect reconstitution/lysate
solution was used.
FAV1049024 2400 Day 3 Sample haemolysed. No chromatographic peak. <LOD
FAV1049024 2400 Day 1 No chromatographic peak <LOD
FAV1049025 2400 Day 5 No chromatographic peak <LOD
FAV1049026 2400 Dayl  Sample haemolysed Q“g;'Tﬂg?'e
FAV1049026 2400 Day 3 No chromatographic peak <LOD

Table 6.31 Samples excluded from PK and statistical analysis due to documented sample collection and bioanalysis issues. * Sample lgantifiable FRTP but
was excluded due to collection error reported for Day 3 plasma samples. ** Sample had quantifiatheRTP but was excluded due to the reported effect of
haemolysis on accurate quantitation of phosphorylated metabolitesL OD wimit of detection, LLQiower limit of quantitation, CPTucell preparation tube, PBMQw
peripheral blood mononuclear cells, MeOH - methanol
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The overall median (range) 4RTP concentration in PBMC was 52.25 (20.8§1141.43) pmol/1¢
cells. Median (range) FRTP concentrations for each day, stratified by dose, are presented in
Table 6.32 alongside median (range) time post infusion. A concentratictime plot of all samples
(with excluded samples omitted) is presented in Figure 6:3. Concentration-time plots for

individual dosing cohorts (with excluded samples shown as ¥2LLQ) are presented in Figure-g2.3

In the 600 mg BD cohort, the median (range}RTP concentration was 46.07 pmol/18cells (39.05
T58.23) on Day 1 (n=4), 53.72 pmol/f&ells (44.04T 71.54) on Day 3 (n=3) and 88.93 pmol/$0
cells (80.87196.99) on Day 5 (n=2). Median (range) actual time post dose was 6.11 h (5.852)

on Day 1, 6.18 h (6.056.50) on Day 3 and 6.16 h (6.006.27) on Day 5.

In the 1200 mg BD cohort, median (range)-RTP concentration was 48.42 (36.8% 59.97)
pmol/108 cells on Day 1, 53.72 (44.04 71.54) pmol/1Cf cells on Day 3 and 88.93 (80.87 96.99)
pmol/108 cells on Day 5. Median (range) actual time post dose was 6.35 h (6.28.42) on Day 1,

6.52 h (6.201 6.83) on ay 3 and 6.22 h (6.0Gr 6.28) on Day 5.

In participants receiving 1800 mg IV FVP BD, the median (rangeRFP concentration was 52.78
(27.85T159.94) pmol/1CFf cells on Day 1, 36.55 (26.65 46.46) pmol/10° cells on Day 3 and 46.14
(46.1471 46.14) pmol/1C° cells on Day 5. Median (range) actual time post dose was 6.33 h (6.10

6.43) on Day 1, 6.16 h (6.066.27) on Day 3 and 6.48 h (6.486.48) on Day 5.

Finally, in the 2400 mg BD cohort, PBMC-RTP concentrations (median [range]) were 28.67
(28.67128.67), 141.43 (141.43 141.43) and 30.68 (30.68 30.68) pmol/1C° cells on Day 1, 3 and

5 respectively. Actual time post dose was 6.25 h on Day 1, 6.33 h on Day 3 and 6.28 h on Day 5.

This data demonstrates extremely limited evidence for the accumulation of-RTP in PBMC from
Day 1 to Day 5 (Figure 6-3). While there was a slight suggestion of accumulation in the 600 mg
dosing cohort, this was not seen in the higher dosing cohorts. Meover, there was no clear

increase in FRTP formation with escalating dose (Figure 6.3).
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the predicted values generated by PBPK modellitBertinez et al., 2021) the observed FRTP
concentrations are considerably higher. All samples included in the analysis had-RTP

concentrations in excess of the I for FRTP vs SARSoV-= WWAT AGWY nh WW=NW, ~ oW
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F-RTP Concentrations in PBMC on Day 1, 3 and &t 6 T 12 Hours Post-Completion of

Infusion

46.07 6.11
Day 1 600, N =4
&y (39.05758.23) (5.9576.52)
48.42 6.35
1200, N = 2
°0. (36.87759.97) (6.2876.42)
52.78 6.33
1800, N =3 (27.85759.94) (6.107 6.43)
2400, N = 1 28.67 6.25
53.72 6.18
Day 3 600, N =3
&y (44.047 71.54) (6.057 6.50)
47.66 6.52
1200, N =2 (20.81774.51) (6.2076.83)
36.55 6.16
1800, N =2 (26.65T 46.46) (6.0576.27)
2400, N = 1 141.43 6.33
88.93 6.13
600, N =2 (80.87T196.99) (6.0076.27)
59.71 6.22
Day 5 1200, N = 3
y (35.57797.01) (6.007 6.28)
1800, N = 1 46.14 6.48
. 2
2400, N =1 30_68 6 ‘ 8

Table 6.32 Summary (median [range]) of favipiravi-siphosphate concentrations and time post
infusion on Days 1, 3 and 5. N = number of samplgsmol/10° upicomole per million. Data are presented
as median (range).
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E-RTP Concentrations in All Participants on Days 1, 3 and 5 at 6T 12 Hours Post-Completion of Infusion
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Figure 6.31. [FRTP] in PBMC on Day 1, Day 3 and Day 5 at 6.28 (median) h-dose for 600 mg BD (square markers), 1200 mg BD (cross markers), 1800 mg BD
(triangle markers) and 2400 mg BD (diamond markers) IV FVP. The dashed line indicates the assay digjuantification (LLQ) of 12 pmol/18cells. Samples with

collection/processing issues are excluded.
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F-RTP Concentrations at 6 -12 Hours Post-Completion of Infusion, Stratified by Dose
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Correlation Plot for Plasma vs Intracellular PBMC
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Figure 6.33 Regression plots for log transformed FVP plasma versus FRTP PBMC. Red dotted line indicates 95% confidence int@&sgfuR squared/coefficient
of determination, Std Erronustandard error
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Cell-Volume Normalised F-RTP PBMC Concentrations

FAV1049001 600 Day 1 5.97 52.25 130.61
FAV1049001 600 Day 3 6.05 71.54 178.84
FAV1049001 600 Day 5 6.27 80.87 202.16
FAV1049005 600 Day 1 6.52 58.23 145.58
FAV1049005 600 Day 5 6.00 96.99 242.48
FAV1049006 600 Day 1 6.25 39.89 99.73
FAV1049006 600 Day 3 6.50 44.04 110.10
FAV1049007 600 Day 1 5.95 39.05 97.63
FAV1049007 600 Day 3 6.18 53.72 134.30
FAV1049008 1200 Day 5 6.00 35.565 88.91
FAV1049010 1200 Day 3 6.83 20.81 52.01
FAV1049010 1200 Day 5 6.22 97.01 242.51
FAV1049011 1200 Day 1 6.28 59.97 149.91
FAV1049011 1200 Day 3 6.20 74.51 186.28
FAV1049012 1200 Day 1 6.42 36.87 92.16
FAV1049012 1200 Day 5 6.28 59.71 149.26
FAV1049015 1800 Day 1 6.10 52.78 131.94
FAV1049017 1800 Day 1 6.43 59.94 149.84
FAV1049017 1800 Day 5 6.48 46.14 115.34
FAV1049018 1800 Day 3 6.05 46.46 116.15
FAV1049020 1800 Day 1 6.33 27.85 69.63
FAV1049020 1800 Day 3 6.27 26.65 66.61
FAV1049024 2400 Day 5 6.28 30.68 76.70
FAV1049025 2400 Day 1 6.25 28.67 71.68
FAV1049025 2400 Day 3 6.33 141.43 353.58

Table 6.33. Cell volume normalisedPBMCF-ANAORYURIDUql ¢ qRY Ut 106, ~f g t0
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6.4 Discussion

F-RTP was quantifiable in 24 of 42 samples collected frorparticipantt WIJU1 Ya o T WY Ul 6 13 W«
HYOz 0UwWHERYURWIUQq! ¢ qRY4hhga of lthe dallbsativn éukd) tHemebydiibpdring the
ongoing use of the validated calibration range (Chapter 5) for ascending doses of FVP in the AGILE CST
6 trial, and for otherdisease indications. Several of the samples encountered collection/processing
issues (haemolysis, low blood volume, low cell count) which, in part may be due to the disease state of
the individuals on the trial (hospitalised with COVIB19), making blood collection practically difficult in
some cases and highlighting the potential repercussions of systemic inflammation on PBMC levels.
Furthermore, these collection issues appeared to signitantly impact ~RTP quantification, as all
samples with documented issues fell below the assay lower limit of quantification (Table 6-3).
Haemolysis of PBMC samples is known to result in more significant and variable sample matrix effect
when quantifying via LGMSMS. In CST6 regardless of the cell count, if a sample was noted to be
haemolysed during PBMC isolation fRTP levels were below the assay LLQ. Others have also observed a
negative impact of haemolysis on the accurate quantitation of phosphorylated metabolite (Xiaoet al.,
2018), due to inaccurate PBMC cell counts. It is therefore pertinent to assess such issues to establish
the root cause and modify any clinic and laboratory procedures for future trials to limit the impact of
human error on the downstream analysis of metabolitesn PBMC. This also highlights the difficulty in
obtaining high quality PBMC samples for assessment of-RTP, and such issues would likely be
compounded in situations where laboratory equipment, wet ice and ultraow temperature storage was
not readily avdlable (e.g. field settings). Furthermore, the impact of haemolysis on the quantitative
output was not evaluated, which may have predicted such issues prior to sample collection. Therefore,
matrix assessments in accordance with the ICH M10 method validatioguidelines should be performed

for FRTP and future phosphorylated metabolites, in anticipation of sample collection and analysis.

There was some evidence of fRTP accumulation, from Day 1 to Day 5, in the 600 mg cohort, but this was
not replicated in the subsequent higher dosing cohorts. Furthermore,-RTP levels in PBMC did not show

a clear increase with escalating dose. The higherdosing cohorts (1200 T 2400 mg) were
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disproportionately affected by sampling and processing issues (Table 6-B), and it is possible that the
exclusion of affected samples may have perturbed any accumulation or dosescalation effects.
Moreover, the interindividual variability in quantifiableF-RTP levels was high, which mirrored that seen
for FVP in plasma and notplasma matrices (Chapter 4). The lack of a dose escalation effect could also
reflect saturation of metabolic pathways and inefficient conversion of FVP to-RMP, and from FRMP to
FRTP. FRMP has been shown to peak within 25 h of incubation with FVFRnrvitro experiments, despite
65% of FVP remaining in the medi@uchting et al., 2018) This indicates that saturation of enzymes may
be a ratelimiting factor in the formation of FRTP. Indeedin vitro data indicates that only 2.3 pmol of F

RTP was formed in MDCK cells after 24 h incubation with 1000 uM H®$keeet al., 2009)

Measured FRTP levels in clinical cohorts are lacking so it is not possible to relate these data to a viable
benchmark or comparator. However, PBPK models have been used to estimateRHIP concentrations
from FVP plasma exposuregPertinezet al., 2021) The FRTP PBMC concentrations we observed were 2
T 5 times higher than the model predicted. This may be due to differences between the model and
analysed samples. Firstly, the model was based on-RTP data in MDCK cells, which are much larger
than PBMC 2.08 pL vs 0.4 pL) and therefore a lower number of cells per microlitre. Secondly, the model
was based on oral dosing, incorporating a loading dose on Day 1. Interpretation of the PBMC data in
comparison to the model is very limited, given the small sampl size and exclusions (Table 6-3). Further
clinical studies of FRTP across a range of timepoints and doses in PBMC would be beneficial to validate

PBPK models.

Due to the sparse sampling in the AGILE CSTstudy, it was not possible to infer key PK parameters
relating to the rate of FRTP formation (onset) and elimination (offset), including the halife and the
elimination/decay of the metabolite over time. A pagmatic sampling approach was employed,
considering the potential frailty of the participants, with PBMC samples collected at a single timepoint
between 6 and 12 h postinfusion. However, due to practicality issues and staff working arrangements,

the majority of samples were collected closer to 6 h postose, with the latest collection occurring at ~7
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h post-dose. This somewhat constricted sample pool meant that it was not possible to determine
whether there was any evidence of IRTP decay over the dosing interval, nor to assess what levels would
be at the time of the next scheduled dose, as was done f@lasma FVP. Indeed, the terminal halfife of
F-RTP may be best characterised by sampling PBMC at various timepoints (e.g. 12, 24 and 72 h) following
completion of the final IV dose. Such data would help optimise FVP IV dosing strategies across various

clinical indications.

Nonetheless, these data provide a valuable firstime insight into the concentrations of the active FRTP

in patients receiving escalating doses of IV FVP and establishes that PBMC concentrations of
intracellular F-RTP are in the pmol range. Further studiewith intensive PK sampling are warranted to
better characterise FRTP PK. Our results suggest that PBMC may not be the most viable specimen type
for intensive sampling due to the issues reported, as well as the large volumes of blood needed per
sample to ensure a sufficient and viable cell count for direct quantification. Dried blood spots (DBS) may
provide an alternative to PBMC and may negate some of the issues encountered during PBMC collection

and isolation.
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Chapter 7

Development and Validation of an LC -MS/MS
Method for Quantitation of Favipiravir and its
Active Intracellular Metabolite, Favipiravir
Ribofuranosyl -P K riphosphate, From Plasma
Separation Cards (HemaSep#)
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7.1 Introduction

FVPhas been under investigation for several viral infections due to its broad acting activity. These include
haemorrhagic fever viruses that, with the exception of CCHF virus, are largely confined to parts of Africa
(Fhogartaigh and Aarons, 2015hcluding in regions with limited access to healthcare and infrastructure.

It remains unclear as to the utility of FVP in the treatment of such infections and therefore a means of
simple blood collection would be advantageous to future clinical studies. Qantification of drug in
relevant biological matrices is an essential step in characterising th@K establishing efficacy and PK/PD

| JaG¢qRYUt 6RGH WY NWa6 W6l ¢ GUle qRAWHRE UT RT ¢ qllWenNe RUL «
t q¢ UT ¢ | Tfok tHisiptirposeRamdlis representative of the total drug concentration in the blood (free
and protein-bound). However, collection of blood requires specialised laboratory facilities and trained
staff, which are often not available in resource limited settigs. There are often also requirements to
store and ship samples at low temperatures (e.g. on dry ice) which is expensive and may prove difficult

for study sites in developing nations.

Dried blood spots (DBS) provide an alternative means of sampling that offers solutions to the issues with
liquid plasma sampling. Theymay offer advantages in sample collection and processing, obviating the
need for centrifugation and, in some cases, offering greater stability without the need for refrigeration
(Thompsonet al., 2023) Importantly for HCID studies, biohazard risks are greatly reduced when using
DBS compared to venous blood sampling due to inactivation of viral particles upon dryirgdelbroeket

al., 2009; Zailani and Ho, 2023pW Wt 2 At q¢ UqRc¢dWcaYe UqWYnWml | RIT WHG
compounds, including the NRTI parent drugsT{F\, emtricitabine) and their phosphorylated metabolites
(TF\DP, emtricitabine triphosphate)(Andersonet al., 2018; Schauelet al., 2018; Thompsoret al., 2023)
Historically, Whatman DBS cards (Cytiva, Danaher, Washington DC, USA) have been used to monitor
adherence to antiretroviral treatment (ART) in people living with HIV (PLWH) and adherence to daily oral
pre-exposure prophylaxis (PrEP) in higtisk groups(Andersonet al., 2018; Schaueret al., 2018; Yageet

al., 2020; Niuet al., 2022; Devanatharet al., 2023; Thompsoret al., 2023) DBS enables gquantification
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of both the NRTI parent drug and its intracellular metabolite. For exampl&F\, which has a shorfplasma
half-life (15 h), serves as a marker of shoterm adherence, reflecting recent drug intake, whereas its
active intracellular diphosphate form has a prolonged haHife (~17 days) and provides a measure of
cumulative or longterm adherence(Anderson et al., 2018) This approach allows for a more
comprehensive assessment of adherence patterns, offering insights into both immediate and sustained
drug use over time. However, a limitation of Whatman DBS is that drug concentrations reflect whole
blood and are notalway WT RI DHaqO! W AJaG¢ GE B0 DAY RIORLGILGO et G ¢ WHY L
relevant therapeutic targets. Whatman DBS concentrations are influenced by drug partitioning into red
blood cells [e.g. TF\(Castillo-Mancilla et al., 2013}, variations in haematocrit(Wilhelm et al., 2014), and
dilution effects from the cellular components of whole blood [e.qg. for highly proteirbound drugs residing

in the plasma compartment (Emmons and Rowland, 2010; De Kesadt al., 2013). As a result, drug
specific correction factors need to be applied to standardise DBS concentrations to plasm&quivalent
values for accurate comparison and therapeutic relevance. However, there is a lack of data on FVP in
DBS,and it is unknown whether FVP partitions into red blood cells. Therefore, assessment of FVP ard F
RTP via HemaSep (H-DBS) may negate the requirement for correction factors that cannot be applied
until the red blood cell partitioning has been established or comparisons with WhatmabBS have been

made.

H-DBS provide a number of benefits over liquid plasma and traditional DBS (Whatman) sampling in
resource-limited settings. The filter cards use fibrebased technology to separate plasma on contact
from whole blood, eliminating the need for orsite centrifugation. Plasma rapidly diffuses (complete
separation within 2 minutes) to the outer ring (HPL) whilst the red blood cells remain within the centre
wpHE1JG 0 2 0 ¢-C)iHigtireS7Yin). LTbecefore, using a single blood spot, it is possible to simultaneously
measure both parent drugr from H-PLT and intracellular metabolites T from H-C. Moreover, separation
of red blood cell components removes the need for haematocribased correction factors and mitigates

the plasma dilutional effect that typically complicates analysis with traditional DBS methods.
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Figure 7.21 HemaSep: plasma recovery card with central cellular fraction (HC) and outer plasma ring (HPL) from
the front (left) and back (right)

Quantitation of FRTP from patients receiving FVP is of particular importance as pharmacokinetic (PK)
data regarding the active metabolite are currently lacking. Clinical trials investigating FVP have not
reported on FRTP concentrations or PK, not leastdrause of the invasiveness and practicalities of
taking lung biopsies from patients who are potentially seriously unwell. PBMC are traditionally used for
guantitation of phosphorylated intracellular metabolites and serve as a surrogate for lung tissue and
cellular exposures. We previously reported fRTP PBMC concentrations (Chapter 6); however, several
difficulties were encountered. These included the requirement for large blood volumes which limited the
number of samples collected per participant and permited only a sparse sampling scheme.
Additionally, processing issues, such as low cell yields and haemolysis, appeared to negatively impact
guantification and may have ultimately contributed to the observed lack of fRTP accumulation and
dose proportionality. HDBS therefore offer a novel means of collecting whole blood forRTP analysis,
mitigating the aforementioned issues encountered with PBMC collection. Their simplified sample
processing workflows and lower blood volume requirements facilitate more itensive PK sampling,
including in field-based settings, and may help to answer questions about-RTP PK that remain
unanswered in light of the data presented in Chapter 6 alongside the practical benefits. This chapter
describes the development and validaton of LGMSMS methods for the quantitation of FVP in plasma

(H-PL) and intracellular FRTP (HC) from HDBS. The validated methods were used for quanétion of
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these analytes from HDBS samples collected from the AGILE CSd clinical trial with the PK results for

CST6 presented in Chapter 8.

7.2 Materials and Methods

7.2.1 Chemicals

Reagents used for the FVP quarttition in H-PL were obtained as described in 2.3.1. For analysis of F
RTP in HC, reagents were as detailed in 4.3.1.-RTPIS (**Cs-FRTP sodium salt) was purchased from
Toronto Research Chemicals (Ontario, Canada). HemaSéCytoSep® 1668 plasma recovery cards were
acquired from Ahlstrom, Helsinki, Finland. Drugfree whole blood was purchased from the National
Health Service (NHS) Blood and Transplant Service (Liverpool, UK) with ethical approval granted by the

NHS Health Regarch Authority.

7.2.2 Equipment

The LCMS/MS system used for both HPL and HC method validation was as described in 5.3.2. Column
oven and autosampler temperatures were set at 40°C and 4°C, respectively. A ThermoFisher Biobasic
AX£ 50 x 1 mm, 5 um column was used for separation and elution of RTP (HC) whilst a Phenomenex
(Macclesfield, UK) Synergi PolaRP 150 x 2.1 mm, 4m was utilised for separation and elution of FVP
(H-PL). Waters (Wilmslow, UK) OASIS weak anion exchange (WAX) solid phase extraction (SPE)
cartridges (1cc, 30 mg/nmL) were used for sample preparation of the HC. Data was acquired using
Analyst (v1.6.1) and quantified using MultiQuant (v3.0.3) (AB Sciex). A-Biinted punch made from
acrylonitrile styrene acrylate (ASAjvas manufactured at the University of Liverpool and used to punch

H-DBS into the separate components, HPL and HC (Figure 7.2.21).
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3D Printed Punches for Punching HemaSep# Plasma Separation Cards

~

Figure 7.2.21 3D pried punches for separation of FDBS into HPL and HC

7.2.3 Preparation ofStandardsand Quality Control Samples

7.2.3.1 FVP plasma spot (HPL)

Stock and intermediate stock solutions were prepared as stated in 2.3.3 and spiked 20 pL into 1 mL of
blank plasma to obtain three standard levels (L3, L6, L9) at 10000, 40000 and 100,000 ng/mL,
respectively. To prepare the full calibration curve, thesetandards were diluted with blank plasma to
obtain nine non-zero standards at 1000, 2500, 5000, 10000, 20000, 40000, 60000, 80000 and 100000
ng/mL. Individual standards were spotted (50 pL per spot) onto a HDBS card, resulting in a calibration

curve range ¢ 501 5000 ng/spot.

QCsamples were prepared as described in 2.3.3 and a 2% spiking (20 uL into 1 mL) performed to obtain
LQC, MQC andHQC at 2250, 22500 and 65000 ng/mL respectively. 50 pL (per spot) of each QC was

spotted onto a HDBS card to obtain final QC concentrations of 112.5, 1125 and 3250 ng/spot.
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Liquid plasma standards and QCs were stored at80°C and spotted onto HDBS fresh on the day of

analysis.
7.2.3.2 FRTPCellular Spot (H-C)

FRTP stock and intermediate solutions for thetandards were prepared as in 5.3.4. Individuadtandards
were prepared by spotting 100 pL of drufree whole blood onto the centre of the HDBS cards and
allowing them to dry for at least 15 minutes. Aqueous solutions were then spotted (20 uL) onto the semi
dry HDBS, in the centre spot. Workingtandard concentrations were set at 24, 48, 80, 240, 400, 600,

800, 1140 and 2280 nM.

QCsamples were prepared by dilution of the stock RRTP solution (95QM) inMeOH- H,O (70:30, v/v) to
generate AQQCs of the following concentrations: 2731.62 (low), 35020.80 (medium) and 85500 (high)
nM. Working QCs were prepared by spotting 104L of drugfree whole blood onto the centre of the H
DBS cards and allowing them to dry for at least 15 minutes. Aqueous solutions were then spotted (20 uL)
onto the semidry HDBS, in the centre spot. Working QC concentrations were 55, 700 and 1710 nM for

low, medium and high QCs, respectively.

Standards and QCs were left to dry overnight at ambient temperature and stored in separate
polyurethane bags (per concentration level) to avoid crossontamination, with desiccant and a

humidity indicator before storage at-80°C.

7.2.4 Extraction procedure

7.2.4.1 FVPPlasma Spot (H-PL)

Standards and QC HPL were excised using a 30 mm punch and placed into clean, appropriately labelled
5 mL borosilicate glass tubes. To all samples, 800 pL 8ICNwas added, followed by 20 pL ofS(25 pg/mL
13C, ®N-FVP). Samples were vortex mixed and sonicated for 30 minutes. The supernatant was transferred

into clean 5 mL borosilicate glass tubes and dried under constant stream of nitrogen (ambient
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temperature) for approximately 1 h. Samples were reconstituted in 200L ofMeOH-H,O (80:20, v/v) and

180 pL transferred into autosampler vials.
7.2.4.2 FRTPCellular Spot (H-C)

H-C standards and QCs were punched from ¥ 7 Elle t RUNWe¢ WNZ= WG & WGe UR G OWN Y We
MeOHs ¢+ WeT T UT AWnYadYs W1 WHAH! W eHdMhH 20l §F tSICAARTRN20 LM).R H LU ¢ 1
Sampleswere sonicated for 30 minutes. SPE cartridges were conditioned with 1 mL of 100%eOHand
centrifuged for 1 minute at 377x g The SPE cartridges were further conditioned witH,O-MeOH-formic

acid (73:25:2, vivlv) and centrifuged. Cartridges were transferred into clean borosilicate tubes and

loaded with 1 mL of sample and centrifuged. SPE cartridges were washed with 1 mL of deionised water,
followed by MeOH- H,O (50:50, v/v). Finally, the cartridges were removed into clean borosilicate tubes

before elution with 1 mL ofACN-H,O -ammonium hydroxide (73:25:2, v/v/v). Eluate was dried under

nitrogen flow overnight at ambient temperatire and reconstituted in 200 pL oMeOH-H,O (70:30, v/v).

7.2.5 LGMS/MSConditions

7.2.5.1 FVPPlasma Spot (H-PL)

A Phenomenex Synergi PolaRP Gg column (4 um; 150 x 2.1 mm) was used to accomplish separation
using 0.2% formic acid inH.O and 0.2% formic acid inMeOHfor mobile phases A and B, respectively. A
gradient method with flow rate of 0.6 mL/min was operated as follows: initial conditions of 20% mobile
phase B held for 0.8 minutes, increased to 80% B for 2 minutes, followed by column conditioning with
initial conditions for 3.2 minutes for a total run time of 6.0 minutes. Positive ion mode using MRM was

used for detection of FVP. Mass spectrometer parameters are summarised in Table 7.2.811
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Optimised Mass Spectrometer Parameters for FVP in HPL

Parameter

Mass transition (Da)

Collision Energy (V)

Spray Voltage (ISV)

Vaporizer Temperature (TEM°C)
lon Source Gas 1 (GS1)

lon Source Gas 2 (GS2)
Collision Gas (CAD)

Curtain Gas (CUR)

Table 7.2.5.11 Mass spectrometer parameters for determination of FVP ifd-PL

7.2.5.2 FRTPCellular Spot (H-C)

FVP

158.05113.0

25

5500

550

50

40

8

25

13C,5N-FVP
160.15142.0
15
5500
550
50

40

25

A ThermoFisher Biobasic AXcolumn (50 x 1 mm 5 um) was utilised for separation with 10 mM

ammonium acetate-ACN (70:30, v/v) adjusted to pH 5.5 with acetic acid (mobile phase A) and 20 mM

ammonium acetate-ACN (70:30, v/v) adjusted to pH 10.5 with ammonium hydroxide solution (mobile

phase B). A gradient method with a flow rate of 0.25 mL/min was applied. Initial conditions (15% B) were

held for 0.5 min, increased to 90% B for a further 3 min, and held at 100%0B 3 min before returning to

10% B for 5.5 mm to re-equilibrate the column at more acidic pH. The total run time was 12 min. MS

parameters are summarised in Table 7.2.52.
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Optimised Mass Spectrometer Parameters for F -RTP in HC

Parameter F-RTP F-RTRIS

Mass transition (Da) P=THKY 3NN POZKYS=TT
Collision Energy (V) -88 -36

Spray Voltage (ISV) -4500 -4500

Vaporizer Temperature (TEM°C) 500 500

lon Source Gas 1 (GS1) 50 50

lon Source Gas 2 (GS2) 50 50

Collision Gas (CAD) 8 8

Curtain Gas (CUR) 30 30

Table 7.2.5.213 Mass spectrometer parameters for determination of FRTP irH-C

7.3 Method Development

As part of earlyphase method development, investigations were conducted to establish suitable dried

matrix sampling approaches for robust quantification to take forward to the validation stage.

7.3.1 FVPPlasma Spot (H-PL)

Various extraction approaches were tested including adaptation of the existing liquid plasma assay
(Chapter 2) for use with dried plasma spots by increasing the extraction solvent volume. Extraction
efficiency, recovery and matrix effect were compared usig different punch sizes, including excising the

entire outer ring versussub-punches (3 mm and 6 mm).

7.3.2 F-RTPCellular Spot (H-C)

For FRTP, a HC method was developed using the PBMC assay as a foundation, and preliminary tests
were performed to determine appropriate strategies forstandard and QC preparation. This included

comparing HDBS standards prepared by spiking liquid whole blood prior to spotting versus the
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application of an aqueous FRTP spike onto partially dried HDBS. Previous experiments performed our
laboratory tested spotting of aqueous solutions onto a completely dry HDBThompsonet al., 2023) In
brief, liquid whole blood (WB) was spiked with RTP at the MQC concentration (n=6) and then spotted
(100pL) ontoH-DBS and compared to drugfree whole blood spotted onto HDBS and left to partially dry
for 15 minutes before spotting aqueous MQC (2AL) on top and allowing to dry completely (2 h). Further
analysis was conducted to establish the optimum drying time of the HDBS prior to spotting of aqueous
solution on top. H-DBS were tested in quadruplicate with aqueous medium QC (20 pL) spotted on top
immediately after complete separation of the plasma and cellular components and then after 10, 20, 30,

60, 120 min and overnight drying.

7.4 ValidationMethodology
The method forthe determination of FVP in dried plasma (HPL) was validated by completion of four
precision and accuracy batches, stability experiments and a recovery and matrix experiment.

The assay for quantitation of RTP in DBS was validated by completion of three precision and accuracy

batches, recovery and matrix and stability.

Validation experiments were conducted in accordance with the FDA Bioanalytical Method Validation

Guidelines(FDA, 2018b)

7.4.1 Precision andAccuracy

The precision and accuracy of the FVP assay was assessed by analysis of calibration curve with LLOQ,

LQC, MQC and HQC samples (n=6) run over a period of fifteen days.

For the FRTP assay, precision and accuracy batches (n=3) were conducted over a period of 3 days.
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7.4.2 Stability

Stability of FVP in HPL was evaluated in different environments using sets of six LQC and HQC samples.
Heat stability was tested by incubation of HPL QC samples at 60°C for 1 h (one and two cycles),
simulating inactivation procedures for HCIDs(Mitchell and McCormick, 1984; Weidmanret al., 2016)
Ambient stability was determined by leaving HPL QC samples on the benchtop at ambient temperature
for 5 days and quantifying the FVP concentration using a freshly prepared calibration curve. An accepted
precision and accuracy batch was reinjected after being left in the autosampler at 4°C for 24 h and 48

h, to assess reinjection reproducibility.

The stability of FRTP in HC was evaluated using incurredparticipant samples from the AGILE CS®
clinical trial from participants that consented to have an additional whole blood sample collected using
ethical approval granted by the NHS Health Research Authority (IRAS ID: 105811). This represents a more
realistic way of measuring stability of FRTPin vivo, considering QC samples were prepared by
extracellular spiking of aqueous drug onto a semdry blood spot and therefore the drug was not exposed
to usual biological processes. Whole blood was collected and spotted immeiately onto HDBS in line
with the CST6 study procedures and as described in Chapter 8. From this, one-BIBS was dried and
stored immediately (control; clinical trial sample) and another left for a period of 24 h at ambient
temperature (test sample) befae storage at-80°C. A second set of 2mL ¥DTA whole blood was
collected from consented participants and the liquid blood left at ambient temperature for 3 h, before
spotting onto the HDBS, leaving to dry foa minimum of 10 minutes and storage at80°C. Heat stability

of FRTP in HC was performed by using extracellularly spiked LQC and HQGBIBS and incubating in a
laboratory oven set at 58C for 15, 30 and 60 minutes (n=6 per timepoint) and assessing the analyte area

compared to nor-heat treated HDBS.
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7.4.3 Recovery andVatrix Effect

Recovery and matrix experiments were performed following the technique reported by Matuszewski

al (2003). Six replicates of extracted QC samples (low, medium and high) were prepared alongside a
further six of each QC level prepared by spiking of FVP eRF P into the final reconstitution solution (FVP:
MeOH-H,0 [80:20, vi\|; FRTP:MeOH-H,0 [80:20, vi\M) and into extracted blank HPL (FVP) or ¥ (F

RTP). Recovery and matrix effect were calculated as detailed in 2.4.2.

7.5 Clinical Application

This method was used to quantitatively measure FVP concentrations from a total of 152 dried plasma
(H-PL) samples and intracellular FRTP from 154 cellular spots (FC), from participants enrolled on the

AGILE CS% clinical trial. Detailed pharmacokinetic data are presented in Chapter 8.

7.6 Results

7.6.1 Method Development

The liquid plasma FPV assay (Chapter 2) was used as the starting point for the dried plasma method. The
volume of ACN added was increased from 400 to 80QL to ensure that the solvent covered the entire
spot. An initial matrix and recovery experiment was performed to assess this extraction method and to
compare using the entire spot to either a single 6 mm supunch or two 3 mm subpunches. The results

of this experiment showed that despite less pronounced matrix suppression, using supunches
resulted in considerably lower recovery of the analyte compared to using the entire-HL ring (Table
7.6.1-1). For all samples, recovery was low< 32%,Table 7.6.21) and therefore the extraction method
was revised. To improve recovery of the analyte, samples were sonicated for 30 min and the supernatant

transferred to clean borosilicate glass tubes and dried under constant stream of nitrogen. Samples were
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reconstituted in MeOH-H,O (80:20, v/v).This resulted in improved recovery (>46%) as summarised in

Table 7.6.2.31.

Assessment of Punch Size on Matrix Effect and Recovery of FVP in HPL

112.5 84.6 315 26.7
Full spot (12 mm)

3250 89.7 30.4 27.3

112.5 116.1 13.0 11.2
6 mm sub-punches

3250 115.4 13.7 13.6

112.5 124.4 10.0 13.1
3 mm sub-punches

3250 125.1 19.6 22.9

Table 7.6.21 Comparison of average matrix effect and recovery (n=6) when using the full plasma spot compared to
multiple sub-punches of either 6 mm or 3 mm using FVP liquid plasma extraction method. ME: matrix effect; EXT
RE: extraction recovery; PE: prazss efficiency

The loss of analyte was compared using either two or four 6 mm sygunches or the entire spot. Using 2
X 6 mm subpunches resulted in an average 046.2% decrease in analyte response whilst 4 x 6 mm sub

punches resulted in an 18.5% reduction in analyte response compared to the full spot (Table571-2).

Assessment of Sub-Punch Analysis vs Entire Spot

112 Full spot 391475.33 -
4 x 6 mm sub punch 296565.50 24.2
2 X 6 mm sub punch 145838.00 50.8

3250 Full spot 8590261.00 -
4 x 6 mm sub punch 7495425.50 12.7
2 X 6 mm sub punch 4383056.50 415

Table 7.6.£2 Comparison of loss of analyte response when using the entire spot versus either 2 x or 4 x 6 mm sub
punches.

Therefore, to maximise the signal intensity the entire spot was chosen. The extraction method was

subsequently modified to include a dry down step which further improved the recovery and reduced
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matrix suppression (Section 7.6.5). This was the finalised extraction method subsequently taken forward

for validation.

The PBMC method described in chapter 5 was used as the basis for thel#BS (HC) assay. Negative ion

mode using MRMwas used for the detection of FRTP. During method development significant response
ROWq6 WWHG ¢ Ut Wt ¢ Gadt Ws ¢t WYHAL I 2137 Weningdd BRTP iRdicadtla) 6 1J L
a separate product ion ofm/z 112.9. Experiments conducted using this transition showed a markedly
reduced response in the blank and good linearity of the calibration curve and therefore method validation

proff 13137 3T We t RUNLWP =T Y 5 NN = 109 0L

As an improvement to the PBMC method, the-RTP IS*®Cs-FRTP) was sourced and included in the-H
DBS method. Tuning of this compound revealed two abundant products af/z 176.8 and 277.4; optimal

| 3t GYUt WWs ¢t WYAqéc RUWT Wet RUNWPOZIOYS=TTIOMNIO

The inner HC and outer HPL fractions were assessed for fRTP levels to determine partitioning between
the matrices when aqueous drug was spiked into liquid whole blood prior to spotting compared to
aqueous drug spiked onto the semidry HDBS (Table 7.6.43). This indicated that whole blood (WB)
spiked with FRTP prior to spotting resulted in detectable fRTP in the outer HPL section of the spot,
which accounted for >15% of the HC response, irrespective of whether the entire spot or suipunch
was taken.When spiking agueous MQC directly onto the semiry HDBS, the FRTP response in HPL
was reduced to < 1% of the response in € and this ratio was maintained over a drying period between

10 to 120 minutes.

When considering the spotting of aqueous standard and QCs onto a serdry H-DBS, the optimum drying
time must be established. The experiment performed evaluated immediate spotting of aqueous MQC
solution onto a wet HDBS (control) and HDBS drying times of 10 minutes to 12 h. Results indicate that
drying time of at least 15 minutes is most effectivewith little difference in analyte response up to 120
minutes (Table 7.6.13). Therefore, a minimum whole blood drying time of 15 minutes was applied for

method validation, to streamline the extraction process and limit the practical constraints during sample
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collection. Drying H-DBS for 120 minutes would cause potential overlap between collection timepoints,
therefore drying for a shorter period of time allows processing laboratory staff sufficient time to manage

samples from one collection event at any givetime.

Assessment of Spot Drying Time for Optimised Analyte Response

Pre-spiked WB 12 mm 11734 2062 17.57

Pre-spiked WB sub-punch 5202 22.02
Semidry DBS spike sub-punch 443819 0.17
Aqueous MQC 4381284

Immediate 12 mm 361073 2163 0.60
10 min 12 mm 481158 924 0.19
20 min 12 mm 542440 789 0.15
30 min 12 mm 562213 495 0.09
60 min 12 mm 594992 981 0.16
120 min 12 mm 627227 184 0.03
Overnight 12 mm 1058846 367 0.03

Table 7.6.23 Comparison of FRTP area response when spiked into whole blood prior to spotting DBS versus
spotting whole blood onto DBS followed by agueous MQC solution and averageRH P response at the MQC level
when whole blood was left to dry after spdtng prior to spotting aqueous MQC on top

FVP and=C, **N-FVP eluted at 1.77 minutes at a mobile phase B concentration of 80%. Representative
chromatograms for blank, IS, LLQ, HQC and a clinical sample (3495 ng/sample are shown in Figure 7.6.1

1.
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Figure 7.6.21 Example FVP HPL chromatograms from a) double blank sample; b) blank sample with IS; c) LLQ
sample; d) HQC sample and e) clinical sample (3495 ng/sample) presented alongside internal standard
chromatograms for each sample £C, **N-FVP)

F-RTP eluted from the column at 1.56 min antCs-F-RTP IS eluted at 1.56 min, at 90% mobile phase B.
Example chromatograms from blank, IS, LLQ, HQC and a clinical sample (173 pmol/sample) are shown

in Figure 7.6.22.
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Figure 7.6.22 Example FRTP HC chromatograms from a) double blank sample; b) blank sample with IS; ¢) LLQ
sample; d) HQC sample and e) clinical sample (173 pmol/sample) presented alongside internal standard
chromatograms for each sample (FRTP IS)

7.6.2 Method Validation

7.6.2.1 Precision andAccuracy

Both methods were found to be both precise and accurate, with interand intra-assay assessments
within £ 20% for the LLOQ QC and within £ 15% of the nominal concentrations for LQC, MQC and HQC
samples (Table 7.6.2.11 and 7.6.2.%2). Quadratic 1/¥ regression was utilised to produce the best fit for
the concentration-detector response, with an average correlation coefficient &) of 0.99511 (n=3) for FVP

in H-PL and 0.99576 (n=3) for-RTP in HC.
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Precision and Accuracy of the Methods for FVP and F-RTP in HPL and HC

Inter-day | 52.70 4.58 8.68 3.99 11469 1594 1390 4.28 | 107555 8220 7.64 -3.92 3210.30 438.90 13.67 0.92

Intra-day | 54.82 4.61 8.40 6.94 106.84 13.98 13.08 -5.03 | 1059.60 65.05 6.14 -5.81 3001.69 180.70 6.02 -7.64

Table 7.6.2.11 Precision and accuracy data for FVP in dried plasma spotacceptability for CV and Bias: +20% for LLQ, +15% for LQC, MQC and H@Owustandard
deviation, CVucoefficient of variation

Inter-day | 22.93 2.36 10.29 -4.45 |55.78 755 1354 142 665.61 73.47 11.04 -491 1565.45 176.94 11.30 -8.45

Intra-day | 21.33 2.72 12.77 -11.15 4785 6.26 13.07 -13.00 | 630.84 36.81 5.84 -9.88 | 1469.35 168.87 11.49 -14.07

Table 7.6.2.22 Precision and accuracy data for FRTP in DBSAcceptability for CV and Bias: +20% for LLQ, +15% for LQC, MQC and H@O..ustandard deviation,
CV ucoefficient of variation, pmol- picomole
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7.6.2.2 Stability

FVP was found to be stable in HPL under all conditions tested (Table 7.6.2:4). Stability was confirmed
for two cycles of heat inactivation at 60°C for 1 h. HPL QC samples left on the benchtop at ambient
temperature for 5 days met the assay acceptance criteria when analysed using a freshly prepared

calibration curve. Processed extracts that were reinjected after 2h and 48 h were stable.

FRTP in the HC fraction, from H-DBS collected fromparticipants on the CS76 trial, was not stable for

a period of 24 h. HDBS samples that were left on the benchtop for 24 h demonstrated an average 65%
decrease in FRTP concentration compared to HDBS that were immediately stored at80°C (Table
7.6.2.2-2). HDBS QC samples were heat treated for a period of 15, 30 and 60 minutes (n=6 per
timepoint) at 58°C. FRTP was found to be stable for up to 30 minutes heat inactivation; however, after

60 minutes ofheat the percentage degradation exceeded 30% (Table 7.6.23).
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Stability of FVP in H-PLand Extracted H-PL

Bench-top H-PL 6 LQC 6.40 -13.69
(5 d; ambient)

6 HQC 5.42 -6.20
Heat inactivation H-PL 6 LQC 10.11 -2.15
(single cycle, 1 h @
60°C) 6 HQC 5.37 -2.80
Heat inactivation H-PL 6 LQC 14.57 -2.75
(two cycles, 1 h @
60°C) 6 HQC 5.43 1.13
Reinjection Extracted HPL 6 LQC 6.26 478
reproducibility
(24h; 4°C) 6 HQC 9.37 -1.10
Reinjection Extracted HPL 6 LQC 7.19 13.20
reproducibility
(48h; 4°C) 6 HQC 7.96 4.37

Table 7.6.2.21 Summary of stability data for FVP in dried plasma spotéH-PL) Precision and accuracy
acceptability criteria + 15%.d wdays, hwhour, CVucoefficient of variation
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Stability of F-RTP in HC at Ambient Temperature

FAV1049026 Day 3 H-C, 12 Control 157.04
58%

mm Stability 65.75

FAV1049026 Day 3 H-C, 12 Control 192.68
64%

mm Stability 69.1

FAV1049026 Day 5 H-C, 12 Control 137.11
73%

mm Stability 36.78
Min 58%
Max 73%
Mean 65%
St Dev 7.57
CV% 11.6

Table 7.6.2.22 Summary of FRTP stability in HC, following storage of incurred HDBS at ambient temperaturefor
24 hours(Stability), compared with paired HDBS that were immediately processed (Control)Minwminimum, Max

wmaximum, St Dewustandard deviation, CViucoefficient of variation
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Heat Stability of F-RTP in HC

Heat inactivation H-C 6 LQC 3060 2563 83.8%
(single cycle, 15
min @ 58°C) 6 HQC 239558 245500 102.5%
Heat inactivation H-C 6 LQC 3265 2783 85.2%
(single cycle, 30
min @ 58°C) 6 HQC 258919 234979 90.8%
Heat inactivation H-C 6 LQC 3264 2309 70.3%
(single cycle, 60
min @ 58°C) 6 HQC 279734 180110 64.4%

Table 7.6.2.23 Stability of FRTP in HC when heat inactivated for 15, 30 and 60 minutes at 58°@! wnumber of
replicates, LQCuwow quality control sample, HQCuhigh quality control sample

7.6.2.3 Recovery andVatrix Effect

The overall recovery of FVP from dried plasma spots was 49.5% and matrix effect was minimal at 104.0%

when using the entire plasma outer ring (HPL) from HDBS (Table 7.6.2.3L). Overall recovery of IRTP

from H-C the entire spot was 15.1% with minimal maix effect of 102.6% (Table 7.6.2:2).

Recovery and Matrix Effect for the Method for Quantitation of FVP in H-PL

1125
1125
3250

0.28
2.12
5.93

0.27
2.14
6.79

0.12 96.2 46.7 42.9
1.15 101.3 53.5 54.2
3.29 114.7 48.4 55.5

Table 7.6.2.31 Recovery and matrix effect for FVP in dried plasma. ME: matrix effect; Ext Re: extraction recovery;
PE: process efficiency
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Recovery and Matrix Effect for the Method for Quantitation of F -RTPin H-C

55 0.89 0.93 0.14 105.5 15.0 15.8
700 11.37 11.03 1.41 97.0 12.8 12.4
1710 27.78 29.25 5.10 105.3 17.4 18.4

Table 7.6.2.32 Summary of matrix effect and recovery for-RTP inH-C. ME: matrix effect; Ext Re: extraction
recovery; PE: process efficiency

7.6.2.4 Clinical Application

The validated LEMSMS methods were used to quantify FVP and-RTP in the HPL and HC fractions of
H-DBS collected from participants enrolled on the AGILE CS clinical trial. The complete PK results of

H-DBS (FVP HPL and FRTP HC) for this trial are presented in Chapter 8.

A chromatogram from an extracted HPL taken from gparticipant receiving 600 mg IV FVP BD is depicted

in Figure 7.6.2.21. A total of 154 samples were collected from 1farticipants enrolled on the CST6 trial.

Two HPL could not be analysed due to incomplete separation of the plasma fraction from the central

cellular portion. Of the remaining 152 samples, 125 had quantifiable FVP levels of > 1000 ng/mLPH

were quantifiedusingadNot ¢ G GO WWHC GRHAI ¢ qRYULWH21 2 1JWs 6131 1JU0 6 1 W
pL of dried plasma, on the assumption that plasma accounts for approximately 50% of the volume of

whole blood (100uL of whole blood spotted/2). Nanogram per sample readouts were then converted to

ng/mL by multiplying by 20 (1000/50). FVP levels inPL were on average (range) 10046.07 (1010.80
24473.60), 39312.08 (1751.4G 87740.60), 48132.01 (1480.2G 101744.80) and 97386.40 (2931.60r

242276.60) ng/mL for 600 mg, 1200 mg, 1800 mg and 2400 mg BD, respectively.

Figure 7.6.2.22 depicts a chromatogram from an extracted HC sample from aparticipant receiving IV
FVP (1200 mg BD, Day 3). Out of a total of 154 evaluabl&Ctsamples, 49 (32%) had quantifiable fRTP
levels > 24 pmol/sample. FRTP levels in HC were on average (range) 67.00 §0159.95), 68.05 (28.22r

230



161.94) and 102.59 (26.22r 192.68) pmol/sample for doses of 1200 mg, 1800 mg and 2400 mg BD,

respectively.

7.7 Discussion

Two methods were validated for the determination of FVP ¢(AL) and FRTP (HC) respectively from a
single whole blood sample of 10QuL, using HemaSep plasma recovery cards (HDBS). Both methods
were found to be precise and accurate with minimal matrix effect. Similarly to liquid plasmaChapter 2),
FVP was found to be stable in HPL across a range of tested environments. The heat stability of FVP in H
PL was confirmed after two cycles and importantly, this data also confirms the stability of-RTP in H
DBS when subjected to heat using tygal viral inactivation procedures (58C for up to 30 minutes). The
stability of both FVP and RRTP in HDBS offers a considerable advantage when considering-BBS for
use in HCID clinical trials, where inactivation of potentially infectious samples priord downstream
laboratory processing may be necessary for health and safety compliance. Further heat stability
experiments should be conducted to establishin vivo stability of FRTP using clinical samples from
participantt WI WHIVR2RUNDW[ éAAW¢ct Wet DWYNnWmUFql ¢cHJGOG20G¢] 0! wl

an in vivo sample and mimic the behaviour of the phosphorylated metabolites confined in cells.

FRTP in HDBS left for 24 h at ambient temperature was found to be unstable. The average degradation
after 24 h was approximately 65%. Although this is considerable degradation, the stability of TP is
improved using HDBS compared to whole blood in CPrior to PBMC isolation, where similar levels of
degradation (61%) were observed after only 1 h at ambient temperature (Chapter 5). The improved
stability of FRTP in dried blood (FC) is likely due to reduced activity of enzymes upon drying of the
sample. Samples collected as part of the CS® trial were spotted and stored within 30 min of collection.
This mitigates the likelihood of significant degradation in th@articipant samples, but it is not clear the
exact amount of time between O and 24 h at which the decrease in-RTP concentrations occur.
Therefore, any future experiments should include a tim&ourse experiment with intervals at which to
assess FRTP levelsso that an appropriate cutoff can be established to optimise sample processing
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protocols and ensure that analyte integrity is maintained. Longerm stability of FRTP in stored HC
samples should also be assessed and would be best performed using incurred samples (e.g. from GST

6) and comparing original levels to observed concentratins after several months of storage.

H-DBS offer an advantage over the collection of liquid plasma in that the plasma can be separated
rapidly from the whole blood at trial sites, negating the need for a centrifuge. Furthermore;BBS provide

a simplified sample collection method for the dete@mination of intracellular metabolites, such as FRTP,
compared to collection of PBMC. In order to collect PBMC, further specialised equipment would be
needed such as CPT and a cell counter (e.g. haemocytometer). Many PBMC isolation techniques also
require that samples be kept on ice throughout the process. Moreover, even with specialised equipment,
collection of PBMC can be challenging, with issues such as haemolysis of the sample affecting accurate

cell count.

This makes HDBS particularly advantageous for resource limited settings where the cost of such
equipment may be prohibitive. The current methodology requires a precise volume of blood (1QQ) to
be applied to the cards, which may be a restrictive factor in remote clinics where high accuracy pipettes
or routine calibration are not commonplace. Due to the lateral flow technology, plasma separation cards
such as HDBS, may be more susceptibled variable blood volumes. Therefore, further testing is required
to determine the impact of variable blood volume on the partitioning process, spot size and quantitative
readout. Primarily, the use of fingerstick capillary blood collection should be assessed in order to
simplify collection procedures and maximise the kenefit of using HDBS in resource limited settings. The
impact of variable blood volumes may also be reduced by using a syunch approach, rather than using
the entire spot as is described here. The entire spot was used for the present study given thatbe
response appeared to be compromised, and recovery was lower when using syfunches versus the

entire spot.

The uncontrolled saturation or inconsistent spreading of liquid whole blood on HDBS as a result of

haematocrit variation may result in sampling bias, affecting the accuracy and precision of the daaVaitt
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et al.,, 2017) Previous work on HDBS for other phosphorylated intracellular metabolites has indicated
that extreme haematocrit (< 20% or > 50%) resulted in deviations in quantitative valugghompsonet al.,
2023). Assessment of haematocrit was not performed as part of this method validation, and further work
should characterise the impact of haematocrit variation on FRTP quantitation in HDBS. Variations in
haematocrit may also affect the size of the HC inner spot with lower a haematocrit leading to smaller
spots and the converse for higher haematocrit levels. Assessing the haematocrit of every patient would
not necessarily be possible or practical in a field setting so a simplified way of controlling for such
variations may be required. This could be to take a standard punch size (e.g. 12 mm) irrespective of the
size of the HC spot, or to excise a slightly larger area than the-B spot size to account for larger spot

sizes to ensure the entire HC fraction is captured.

Due to efficient separation of the blood and plasma components, FDBS can result in parent drug
concentrations that more closely reflect those observed in liquid plasma, as compared to Whatman 903
protein saver cards. Unlike traditional DBS, HPL does notrequire correction for haematocrit or plasma
protein binding, which is particularly relevant for highly proteirfbound drugs. It also avoids the
artefactual elevation observed with low proteinrbound drugs (e.g. NRTIs) that partition into red blood
cells which has previously necessitated correction factors when using Whatman DB&henget al., 2014;
Waitt et al., 2018) FVP is approximately 54% proteibound, so a proportion of free drug is expected to
diffuse across red blood cell membranes; however, there are currently no data to confirm this. Measuring
paired FVP levels in the inner cellular portion ((€) and calculaion of a blood-to-plasma ratio for each
H-DBS sample could help to elucidate FVP partitioning into erythrocytes. Moreover, detection of FVP in
the H-C fraction may be indicative of intracellular uptake and potential phosphorylation to fRTP in red

cells.

In conclusion, two LCrMS/MS methods have been optimised and validated for quantification of FVP and
F-RTP in HemaSepplasma separation cards. The assays were used to quantify FVP andRFP in clinical

samples taken fromparticipants enrolled on the AGILE CS# clinical trial (Chapter 8). The collection of
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H-DBS appears to be a viable surrogate for the collection of PBMC for intracellular metabolite analysis,
especially in locations where the environment may be more challenging or lacking specialised laboratory

equipment.
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Chapter 8

AGILE CST6: Pharmacokinetics of Favipiravir
and the Active Metabolite, Favipiravir
Ribofuranosyl -P K riphosphate, in Dried Plasma
and Blood Collected on Plasma Separation
Cards (HemaSep#)
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8.1 Introduction

Phosphorylated intracellular metabolites are typically measured in PBMC, but such processes are
technically challenging with issues such as haemolysis during sample collection affecting downstream
analysis (Chapter 6). There are several challenges to chatgrising FRTP, as described in Chapter 6.
Firstly, the collection of samples such as lung biopsies (e.g. for influenza, COWD) is invasive and
impractical in a clinical trial scenario. Secondly, FRTP is biologically and chemically unstable and is
rapidly degradedin vivo and ex vivo (Agency, 2014) therefore maintaining the compound over the
collection and analysis period can be challenging. Data presented in Chapter 5 demonstrates the
instability of FRTP in whole blood collected in CPT tubes, wittan average 61% decrease in
concentrations after 1 h at ambient temperature. High variability in RTP PBMC levels was also noted,

which was confounded by haemolysis of samples.

Dried blood spots (DBS) have long been reported as a promising surrogate for the collection of liquid
matrices (plasma) for pharmacokinetic analysis since their use in 1963 for detection of phenylketonuria
in neonates (Guthrie and Susi, 1963) In clinical trials, liquid blood matrices (plasma, serum) are
HYUL RT U1 U7 Wet Wa 6 1vdHeplivciure idlinvasivédnd dan be Bdinfdlz faptdrs which may
dissuade potential trial participants(Sharma et al., 2014) DBS offer several advantages over
venepuncture such as simplified collection procedures (no requirement for highly skilled staff or
expensive equipment), lower blood volumes (microlitres compared to millilitres), ease of storage and
shipment without the need for cold chain requirements and the decreasd biohazard risk compared to
liquid matrices with reduced opportunity for needlestick during collection and potential inactivation of
viral particles upon drying of the bloodSpooneret al., 2010; Sharmaet al., 2014; Zailani and Ho, 2023)
DBS may offer improved analyte stability of liquid whole blood, potentially due to inactivation of drug
metabolising enzymes (e.g. phosphatases) during the drying proce¢€haceet al., 2014; Sharmaet al.,

2014),
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Traditional DBS sampling includes Whatman 903 protein saver cards, in which all components of the
whole blood are contained in a single spot. However, whole blood DBS measurements require correction
factors to account for drug protein binding, partitioninginto red blood cells and the influence of
haematocrit, in order to make valid comparisons with liquid plasma concentrations, from which efficacy
cut-offs are derived. The AGILE CSdl clinical trial utilised a plasma separation card, HemaSep (H-
DBS), to ollect dried whole blood (HC) and dried plasma (HPL). Following spotting of whole blood onto
the H-DBS, the plasma separates from the cellular blood components, with full separation within
approximately 2 minutes. HDBS offer the additional benefit of dbwing quantitation of parent analyte in
plasma and intracellular metabolite in cells from a single blood draw thereby eliminating the need for
blood partitioning corrections. This adds to the potential benefit of DBS in field settings, particularly in
the case of FVP which is under investigation for several viral haemorrhagic fevers (VHFs). Furthermore,
collection and isolation of PBMC is impractical in resource limited settings (RLS) where expensive

laboratory equipment may not be commonplace.

The FRTP PBMC pharmacokinetic data from the AGILE G8Tlinical trial was highly variable with no
clear indication of metabolite accumulation across escalating doses and over the course of the
treatment period, which was likely influenced by the processig issues (e.g. haemolysis, improper filling
of CPT) previously described in Chapter 6 (Table 613. Moreover, the large blood volumes required for
PBMC isolation necessitated a sparse sampling approach, with PBMC samples collected only at the 6
12 h timepoint. Due to streamlined collection and processing and significantly reduced blood volume
requirements, H-DBS can be sampled across the entire dosing interval, in line with liquid plasma
measurements, thereby providing a more comprehensive profile of bbtdrug and metabolite exposure,

as well as absorption and elimination kinetics.

DBS have been used to monitor adherence of antiretroviral (ARV) drugs, such as nucleoside reverse
transcriptase inhibitors (NRTIsCastillo-Mancilla et al., 2015) The parent drug that resides primarily in

the plasma and has relatively short haHife, can be used as a measure of shofterm adherence
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monitoring whereas the active intracellular metabolites have longer halfives and can indicate longterm
adherence to an ARV regimen. Therefore, using HemaSepPBS would also offer the opportunity to
perform such measurements from a single card. It is possible that this application may also be useful for
longer-term orally administered FVRbased regimens where adherence is key to the success of the
treatment. Moreover, HDBS enable timematched profiling of parent drug and intracellular metabolite
from a single example, which may be useful to explore relationship between parent and metabolite
concentrations over time. This would allow investigation of which (parent or metabolite) may serve as
the better marker of antiviral efficacy, a factor that is of paitular interest for FVP due to the uncertainties

regarding its antiviral effectsin vivo.

8.2 Materials and Methods

8.2.1 Trial Design

The AGILE CS® trial design, inclusion/exclusion criteria and are as stated in section 4.2.

8.2.2 SampleCollection

H-DBS were collected on Day 1, Day 3 and Day 5 of the studyERTA whole blood (2 mL) were collected
on Day 1 and Day 3 at preose, 0T 1, 2174 and 6T 12 h postcompletion of infusion. On Day 5, samples
were only collected at Ot 1 and 6T 12 h postcompletion of infusion. H-DBS were spotted with 100 uL of
K:EDTA whole blood (2 spots per card) and left on benchtop for at leald minutes. Dried HDBS were
transferred to individual labelledZiplock bags containing desiccant and a humidity indicator cardefore
being stored at-80°C. The remainder of the EEDTA whole blood was centrifuged to yield liquid plasma

which was aliquoted and stored at-80°C within 180 minutes of sample collection.

Full blood counts were performed for each participant on Day 1, Day 3 and Day 5.
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8.2.3 Bioanalysis

FVP concentrations in HPL and FRTP concentrations in HC were determined using the validated LE
MS/MS methods described in Chapter 7. FRTP was extracted from a 12 mm punch (8) using weak
anion exchange solid phase extraction (WAX SPE). The plasma outer ringP{t] was retained and FVP

was extracted from this using simple protein precipitation withACN.

Calibration curves were in ng/sample and pmol/sample for FVP in-RL and FRTP HC, respectively. FVP

ng/sample readouts were converted to ng/mL prior to pharmacokinetic analysis.

8.2.4 Pharmacokinetic Analysis

Pharmacokinetic (PK) parameters, as described in section 4.2.6 (Plasma and Ngfasma PK)using
actual time post-completion of infusion, were established for FVP in HPL and FRTP in HC using
WinNonlin (Pheonix 64 v8.3, Certara, Radnor, PA). PK outputs were expressed as @8 4). GMR
between Day 1 and Day 3 were calculated for each PK parameter. Intand intra-individual variability in
FVP and FRTP concentrations was evaluated by calculating the coefficient of variation [%CV = (standard

deviation/mean) x 100].

Day 1 predose samples below the LLQ were assigned 0 (B; pmol/sample, H-PL; ng/mL). All other
samples < LLQ were imputed as %2 LLQ {PL: 25 ng/sample, equivalent to 500 ng/mL;-RTP HC: 12

pmol/sample).

The ratio of FVP in HPL to liquid plasma (LPL) was calculated using AUG.s:from Day 1 and Day 3 and
the absolute FVP concentrations at @ 1 and 67 12 h for Day 5. Peaito-trough ratios were calculated for
FVP (HPL) and FRTP (HC) using Day 3 G (peak) and Day 3 concentrations at 6 12 h postcompletion

of infusion (Gs.12, trough).

FVP HPL concentrations were related to a target Day 2 trough (Day 3 predose) concentration of 24900

ng/mL, equivalent to thein vitro ECyofor SARSCoV-= WbINP ® L, ~ b HOLW
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8.2.5 Statistical Analysis

In order to make comparisons between the HC data and PBPK predicted4RTP concentrationgPertinez

etal, 2021A Waq 6 JWGA Yiot ¢caGaW2¢ e 3t Ws 3 YWY 2131 qT WV W,
blood count (FBC) to establish the approximate number of white blood cells (WBC) per spot (100 uL).
ECHO6WGE! qRARGc Uqkt W[ 79 Ws ¢t Wk YWURIhIthe tddanVRBE qofutie diie.37 9 L2
pL (Zipurskyet al., 1976)and converted to pL by dividing by 1,000,000 he conversion formula was then

applied (Equation 8.2.51).

naéananaQ
WO 0L EaoAQ

Equation 8.2.51 Conversion of pmol/sample assay output to puMor FRTP HC concentrations. WBCuwhite blood
cell, pmol wpicomole, UM - micromolar

For HPL, ng/sample assay readouts were converted to ng/mL by multiplying by 20 based on an assumed

and constant dried plasma volume of 50 pL per 100 yL of whole blood Picy). The FBC obtained for

each participant was also used to correct HPL values to ng/mL based on the estimated plasma volume

per spot (HPLgy). Using the total WBC and total red blood cells (RBC) per millilitre of blood along with

the volume of individual red blood cells (mean corpuscular volume; MCV), the volume of cells perBBS
spYqs ¢t WHcGHRaGecqlT WA! W R2RT RUNWaS IWh G WG ROGRGRGA!
100 pL spot (Equation 8.2.82). The total cell volumes were then established (Equation 8.2-3) and used

to estimate the plasma volume per spot (EquatiorB.2.5-4). The ng/sample assay readout was then

converted to ng/mL using this estimated plasma volume (Equation 8.2:5).
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Equation 8.2.52 Calculation of WBC and RBC per 100 pL-8 spot. WBCumwhite blood cell, RBCured blood cell

Y6 & Qp A,D #6

"YE 00D € a6 AQ
PMMMMTT

06 6 Qp TA,OTD ,

"Y€ 000000 € a6 AQ
PMMMAMNTT

Equation 8.2.5-3 Calculation of total WBC volume and total RBC volumeNBCuwhite blood cell, RBCuwred blood
cell, MCVumean corpuscular volume

0 & @i VAEa ONOICE 1) £/, p TTTT "YE OO0 € & 0@¥, 41 QAIHT 1 EILA
Equation 8.2.44 Estimation of plasma volume per HC spot. WBCuwhite blood cell, RBCured blood cell
£ Q p TT TATT

— T e EM GanaQ
O 0 a®iLaEd ondcal n £ A, 4

Equation 8.2.55 Conversion of ng/sample assay readout to ng/mL

SigmaPlot (version 14.5, Grafiti, Paolo Alto, CA) was used for correlations. Bla#dtman and nonlinear
regression analyses were performed to establish the impact on the strength of agreement betweeRrRHL

and L-PL methods when correctingand L-PL methods when correctingon-column H-PL values to ng/mL

based on an estimated plasma volume (FPLeyH ¢ G Ha2 G ¢ qUIT Wnl Y& Wa6 1JWG wdrsgsR AR G ¢
using a constant plasma volumeof 50 uL(H-PLcy). Wilcoxon signed rank tests were performed to assess

the difference between PK parameters calculated using4PL, HPLc.yand H-PLeyFVP concentrations.
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8.3 Results

8.3.1 Pharmacokinetics ofFavipiravir in HPLcv

A total of 152 of 154 (98.7%) HPL values from 16 participants were included in the analysis. One
participant (005, Dayl, 6T 12 h) could not be analysed for FVP due to incomplete separation of plasma
on the HDBS and another was excluded to a sample collection error (005 Day 3). All Day 1-gose
samples (n=16) were below the assay LLQ of 50 ng/sample (equivalent to 1000mgj}. On Day 3, 10
(16%)samples (600 and 1200 mg cohorts) were < LLQ and on Day 5, 2 sampl%)from the 600 mg
cohort were < LLQA summary of PK parameters for Day 1 and Day 3 is presented in Table 8 Bdnd
Day 5 concentrations in Table 8.3.2. Concentration-time curves for all participants and cohorts,

stratified by dayare presented in Figure 8.3.11.

FVP concentrations in HPLcy increased with ascending dose(Figure 8.3.12) and accumulated overthe
duration of treatment, as noted by an increase inCnax and AUG.ast from Day 1 to Day 3 (Table 8.3:1).

Day 1 GM FVP exposures (Aldg) for the 600 mg (N = 4), 1200 mg (N= 4), 1800 mg (N = 4) and 2400 mg
(N = 4) cohorts were 28480, 103894, 142353 and 300224 ng-h/mL. Corresponding«&alues (GM) were
14306, 38106, 57447 and 90607 ng/mL, respectively. On Day 3 exposures increade8Hfold for the 600

mg (N = 3)2.3-fold for the 1200 mg (N= 4)2.4-fold for the1800 mg (N = 4) an@.1-fold for the 2400 mg

(N = 4) cohorts to 38151, 238669, 345298 and 616794 ng-h/nCorresponding G..x values (GM) were
14306, 38106, 57447 and 90607 ng/mL on Day 1 15216, 62019, 78526 and 145964 ng/mL on Day 3,
respectively (Figure 8.3.12). GMR (95% CI) for Gx and AUG..st Were 1.40 (1.13, 1.72) and 1.98 (1.54,
2.55), respectively(Table 8.3.13). Interindividual variability was notable, with %CV > 50% for multiple PK
parameters. Maximum FVP concentrations were achieved between 0.12.42 h post completion ofthe
IVinfusion (Table 8.3.21). On Day 3, a minority of participants (n = 1 600mg, n=1 1200mg, n=1 1800mg)

experienced a decrease in FVP concentration at the?4 h time point, followed by increased FVP levels

243



at 6112 h timepoint resulting in a delayed .« of over 6 h. This phenomenon was also observed in a single

participant in the 2400 mg cohort on Day 1.

Day 3 predose (Gb Alle t T Wet We Wt 21 1 YReqUWml ¢! WZwilg!l Y-BLRG6 WG 1J2
Day 3 G were 500, 4469, 19449 and 62360 ng/mL and were consistent withAL levels in terms of the
proportion of participants with exceeding the 24900 ng/mL target (Table 833, Figure 8.3.32). This is

reflected in the ratio of FVP in HPL-to-L-PL, median (range) ratios on Day 1|Day 3|Day 5 were 1.03 (0.63

T1.47), 0.84 (0.53r 1.58) and 0.82 (0.37 1.22).
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Pharmacokinetic Characteristics for FVP in HPLcyon Days 1 and 3

Day 1 600, N =4 0.25 0.00 14306.56 5.08 1001.42 28480.50
(0.17, 0.38) - (9861.44, 20755.36) (2.92, 8.85) (109.81, 9132.26) (17922.70, 45257.65)
1200, N =4 0.39 0.00 38106.91 6.51 2882.67 103894.46
(0.25, 0.59) - (21134.95, 68707.83) (6.05, 7.01) (347.13, 23938.46) (40366.54, 257401.12)
1800, N =4 0.24 0.00 57447.65 6.28 3596.49 142353.71
(0.08, 0.73) - (29113.32, 113358.14) (6.06, 6.51) (231.38, 55903.65) (52789.78, 383873.18)
2400,N=4 0.44 0.00 90607.42 6.27 19349.52 300224.40
(0.02, 8.24) - (47303.59, 173553.50) (5.84, 6.73) (1434.66, 260970.51) (103562.21, 870343.46)
Day 3 600, N =4 0.80 500.00 15216.04 6.24 688.59 38151.62
(0.13, 4.80) (500.00, 500.00) (6631.63, 34912.65) (5.95, 6.55) (248.67, 1906.74) (21046.04, 69160.10)
1200, N =4 0.74 4469.01 62019.27 6.46 19144.03 238669.82
(0.07, 7.34) (79.86.25077.15) (34938.53, 110090.20) (6.05, 6.89) (1331.08, 275335.66) (67539.08, 843412.27)
1800, N =4 0.59 19449.73 78526.86 6.19 50663.38 345298.02
(0.04, 9.89) (8822.84, 42876.45) (44836.04, 137533.71) (5.88, 6.51) (22410.96, 114532.25) (228445.00, 521923.09)
2400,N=4 0.93 62360.08 145964.92 6.29 62128.33 616794.07
(0.05, 15.87) (11072.45, 351212.24) (69114.98, 308265.45) (5.90, 6.71) (13942.96, 276837.06)  (260858.94, 14588393.06)
#sample prior to first dose of the day; Day 1 = Co, Day 3 = Gough
N =Number of participants in the evaluable population

Table 8.3.21 Pharmacokinetic parameters GM [95% CI]) for FVP in HPLcy on study Day 1 and Day 3, stratified by cohort and study dakax WwWtime to maximum
concentration, Comougn LLPredose concentration, Gyax - maximum concentration, Tas Wtime of last concentration, Gas wlast concentration, AUC warea under the
concentration-time curve
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Day 5 FVP HPLc, Concentrations

0-1 600, N =3 23746.60 0.40
(18845.20- 24261.80) (0.0370.82)
1200, N = 4 52800.29 0.58
(35776.60T 82748.60) (0.0270.62)
1800, N =3 58302.40 0.17
(55072.40T 101744.80) (0.0870.18)
2400,N =3 137686.00 0.28
(101248.00T 228735.20) (0.23-0.47)
6-12 600, N=3 500.00 6.22
(500.00T 4457.20) (6.00T 6.25)
1200, N = 4 16642.00 6.22
(3863.80T 79232.40) (6.00-6.52)
1800, N = 3 61449.40 6.08
(54154.60T 99757.20) (6.08T 6.48)
2400,N =3 109592.80 6.28
(87216.80T 198189.60) (6.2876.57)

Table 8.3.22 Summary (median [ range]) of FVP concentrations in-FLcyon Day 5, stratified by cohort and sampling windowN wnumber of participants, BDuitwice

daily
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Patient#

FAV1049001
FAV1049005
FAV1049006
FAV1049007
FAV1049008
FAV1049010
FAV1049011
FAV1049012
FAV1049015
FAV1049017
FAV1049018
FAV1049020
FAV1049022
FAV1049024
FAV1049025
FAV1049026
Mean
GMean
SD
St Err

Low 95%

Up 95%
Anti-log Low
Anti-log Up

Geometric Mean Ratios (Day 3 vs Day 1) for HPLcy Pharmacokinetic Parameters

Chnax AUCo.jast Clast Tinax Tiast
D1 D3 D3/D1 log D1 D3 D3/D1 log D1 D3 DD’O;_/ log D1 D3 DD3:'L/ log D1 D3 D3/D1 log

15772.00 22744.00 1.44 0.16 32667.11 46830.41 1.43 0.16 500.00 500.00 1.00 0.00  0.25 0.23 092 -0.04 597 6.05 1.01 0.01
15618.00 8445.60 0.54 -0.27 34686.62 25401.76 0.73 -0.14 8045.40 1768.60 0.22 -0.66  0.25 358 14.32 1.16 | 3.02 6.27 2.08 0.32
10109.40 11402.80 1.13 0.05 18484.29 30971.53 1.68 0.22 500.00 500.00 1.00 0.00  0.35 0.70 2.00 0.30 | 6.23 6.50 1.04 0.02
16823.00 24473.60 1.45 0.16 31413.43 57503.94 1.83 0.26 500.00 500.00 1.00 0.00 | 0.18 0.70 3.89 059 | 595 6.17 1.04 0.02
55173.80 81631.40 1.48 0.17 | 214226.87 474237.36 2.21 0.35 8888.40 66461.80 7.48 0.87 | 0.27 043 159 0.20 | 6.43 6.43 1.00 0.00
36568.40 46505.20 1.27 0.10 69987.98 113947.91 1.63 0.21 500.00 2627.00 5.25 0.72 1 0.38 045 1.18 0.07 | 6.97 6.83 0.98 -0.01
45007.40 87740.60 1.95 0.29 | 131934.44  473658.45 3.59 0.56 7349.20 87740.60 1194 1.08 H 050 6.20 1240 1.09 @ 6.28 6.20 0.99 -0.01
23221.60 44416.80 1.91 0.28 58899.82 126771.79 2.15 0.33 2114.20 8768.00 4.15 0.62 | 043 0.25 0.58 -0.24 | 6.38 6.38 1.00 0.00
87277.00 99118.80 1.14 0.06 | 270233.17 457539.53 1.69 0.23 19691.40 99118.80 5.03 0.70 | 0.25 6.02 24.08 1.38 | 6.10 6.02 0.99 -0.01
41102.60 47170.40 1.15 0.06 86174.50 243991.78 2.83 0.45 1480.20 34398.80 2324 137 018 092 511 0.71 | 6.43 6.43 1.00 0.00
38504.80 99624.60 2.59 0.41 80806.49 353075.37 4.37 0.64 500.00 33499.40 67.00 183 H 0.62 0.13 0.21 -0.68 | 6.27 6.03 0.96 -0.02
78850.60 81635.80 1.04 0.02 | 218228.55 360665.91 1.65 0.22 11480.20 57682.00 5.02 0.70 | 012 0.17 142 0.15 | 6.33 6.27 0.99 0.00
72111.00 143357.60 1.99 0.30 | 175793.55 400698.35 2.28 0.36 2931.60 32816.00 11.19 1.05 H 0.08 0.12 1.50 0.18 | 6.67 6.23 0.93 -0.03
57855.00 78339.80 1.35 0.13 161608.17 413572.04 2.56 0.41 9198.20 33715.20 3.67 056 | 0.22 042 191 0.28 | 6.17 6.62 1.07 0.03
139764.00 242276.60 1.73 0.24 | 507011.02 1268110.33 2.50 0.40 44973.40 242276.60 5.39 0.73 | 0.35 6.33 18.09 1.26 | 6.25 6.33 1.01 0.01
115589.20 166832.00 1.44 0.16 | 564027.52 688707.82 1.22 0.09 | 115589.20 55582.20 0.48 -0.32 | 6.00 242 0.40 -0.39 | 6.00 6.00 1.00 0.00
0.15 0.30 0.58 0.38 0.02

1.40 1.40 1.98 1.98 3.79 3.79 2.38 2.38 1.05 1.05

0.15 0.19 0.64 0.61 0.08

0.05 0.06 0.19 0.18 0.02

0.05 0.19 0.20 0.02 -0.03

0.24 0.41 0.96 0.74 0.07

1.13 1.54 1.58 1.04 0.94

1.72 2.55 9.05 5.44 1.17

Table 8.3.23 GMR for alH-PLcyPK parameters on Day 1 and Day. &mean wgeometric mean, SD-standard deviation, St Ermustandard error Cmax LUMaximum
concentration, AUCuwarea under the concentrationtime curve, Gas LLIASt concentration, Tnax LWEime to maximum concentration, Tast- time of last concentration
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Concentration -Time Curves for FVP HPLc, for All Participants on AGILE CST-6
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Figure 8.3.%1 Favipiravir concentrations in HPLcy over actual time post infusion stratified by study day in hospitalized COVIL9 patients receivinglV FVP600 mg
BDover 1h (Cohort 1 pink markers and lines ), 1200 mgBD over 1h (Cohort 2:blue markers and lines ), 1800 mgBD over 1h (Cohort 3:green markers and lines)

and 2400 mgBDfor 1 h (Cohort 4: yellow markers and lines). (Study days 1 and 3 n=4 for all cohorts, Day 5 cohort 1,3 and 4 n=3, cohort 2 n=4)
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Geometric Mean Concentration -Time Curves for all AGILE CST6 Dosing Cohorts, Stratified by Day
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Figure 8.3.22 GM FVP HPLcyconcentration versus geometric mean actual time postcompletion of infusion for all cohorts, stratified by day. Error bars represent
the 95% confidence interval
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Geometric Mean FVP AUC and Gaxin L-PL and HPLcy
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Figure 8.3.23 GM (95%CI)FVP AUGs: (top) and Gax (bottom) in LPL and HPLcy , stratified by day. Black dashed lines indicate the 95% CI forRL and red dotted

lines indicate 95% CI for HPLcy
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8.3.2 Pharmacokinetics ofFavipiravir in HPLey

A summary of PK parameters for HPLey Day 1 and Day 3 is presented in Table 8.32 and Day 5
concentrations in Table 8.3.22. Concentration-time curves for all participants, all cohorts are presented
in Figure 8.3.21. Median (range) plasma volume (HR.) calculated using FBC information (Table 8.2-

1) was 63 (50r 76) pL.

FVP concentrations in HPLey increased with ascending dose and accumulated over time, noted by
increased in Gnaxand AUG..stfrom Day 1 to Day 3 (Table 8.3:2). Day 1 GM FVP exposures (Ablg:) for

the 600 mg (N = 4), 1200 mg (N= 4), 1800 mg (N = 4) and 2400 mg (N = 4) cohorts were 21899, 77856,
115226 and 249824 ng-h/mL. Day 1.& values (GM) were 11000, 28556, 46500 and 76861 ng/mL,
respectively. On Day 3 exposures increased for the 600 mg (N = 3), 1200 mg (N= 4), 1800 mg (N = 4) and
2400 mg (N = 4%ohorts to 29242, 191123, 282683 and 527979 ng-h/mL. GM.&values for Day 3 were
11663, 49594, 65311 and 117932 ng/mL, respectively (Figure 8.23 GMR (95% CI) for Gxand AUG.

asswere 1.41 (1.14, 1.75) and 2.03 (1.58, 2.62), respectively (Table 8:32

GM Day 3 Gwere 383, 3426, 15838 and 50350 ng/mL. Day 3 pdese concentrations mirrored the L-PL
and H-PLcy with 0%, 50%, 25%, and 75% of participants receiving the 600 mg, 1200 mg, 1800 mg, and

2400 mg doses exceeding the 24900 ng/mL target (Table 8.383
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Red and White Blood Cell Counts and Volumes for All Participants

FAV1049001 Day 1 6.5 3730 650000 373000000 0.2 33.5 34 66
FAV1049001 Day 3 6.3 3770 630000 377000000 0.2 33.0 33 67
FAV1049001 Day 5 8.9 3920 890000 392000000 0.3 34.4 35 65
FAV1049005 Day 1 14.2 3920 1420000 392000000 0.4 31.4 32 68
FAV1049005 Day 3 10.7 3770 1070000 377000000 0.3 30.2 30 70
FAV1049005 Day 5 24.8 3920 2480000 392000000 0.7 31.0 32 68
FAV1049006 Day 1 6.5 3730 650000 373000000 0.2 33.5 34 66
FAV1049006 Day 3 6.3 3770 630000 377000000 0.2 33.0 33 67
FAV1049006 Day 5 8.9 3920 890000 392000000 0.3 34.4 35 65
FAV1049007 Day 1 25 4190 250000 419000000 0.08 40.3 40 60
FAV1049007 Day 3 8.5 4230 850000 423000000 0.3 41.4 42 58
FAV1049008 Day 1 4.5 2580 450000 258000000 0.1 23.9 24 76
FAV1049008 Day 3 4 2770 400000 277000000 0.1 25.9 26 74
FAV1049008 Day 5 4.4 2560 440000 256000000 0.1 24.2 24 76
FAV1049010 Day 1 10.8 3920 1080000 392000000 0.3 32.8 33 67
FAV1049010 Day 3 13.2 4050 1320000 405000000 0.4 33.0 33 67
FAV1049010 Day 5 12,5 4050 1250000 405000000 0.4 34.1 34 66
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FAV1049011 Day 1 3.9 4080 390000 408000000 0.1 37.4 38 62
FAV1049011 Day 3 4.3 4070 430000 407000000 0.1 375 38 62
FAV1049011 Day 5 4.5 3750 450000 375000000 0.1 33.6 34 66
FAV1049012 Day 1 21.9 4250 2190000 425000000 0.7 36.9 38 62
FAV1049012 Day 3 10.1 4680 1010000 468000000 0.3 40.8 41 59
FAV1049012 Day 5 11.5 4830 1150000 483000000 0.4 42.9 43 57
FAV1049015 Day 1 25 4190 250000 419000000 0.08 40.3 40 60
FAV1049015 Day 3 8.5 4230 850000 423000000 0.3 41.4 42 58
FAV1049015 Day 5 7.6 3910 760000 391000000 0.2 37.7 38 62
FAV1049017 Day 1 5.8 4450 580000 445000000 0.2 38.2 38 62
FAV1049017 Day 3 7.0 4650 700000 465000000 0.2 39.2 39 61
FAV1049017 Day 5 7.5 4670 750000 467000000 0.2 39.4 40 60
FAV1049018 Day 1 8.4 4510 840000 451000000 0.3 40.0 40 60
FAV1049018 Day 3 10.2 4500 1020000 450000000 0.3 40.2 40 60
FAV1049020 Day 1 5.8 3770 580000 377000000 0.2 33.5 34 66
FAV1049020 Day 3 4.4 3750 440000 375000000 0.1 32.3 32 68
FAV1049020 Day 5 4.2 3660 420000 366000000 0.1 31.6 32 68
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FAV1049022 Day 1 5.9 5370 590000 537000000 0.2 47.2 47 53
FAV1049022 Day 3 13.8 5170 1380000 517000000 0.4 46.2 47 53
FAV1049022 Day 5 16.1 5660 1610000 566000000 0.5 49.4 50 50
FAV1049024 Day 1 11.1 4250 1110000 425000000 0.3 37.4 38 62
FAV1049024 Day 3 8.5 4180 850000 418000000 0.3 36.6 37 63
FAV1049024 Day 5 9.9 4280 990000 428000000 0.3 37.2 37 63
FAV1049025 Day 1 4.6 3620 460000 362000000 0.1 29.8 30 70
FAV1049025 Day 3 10.7 3350 1070000 335000000 0.3 28.3 29 71
FAV1049025 Day 5 12.4 3600 1240000 360000000 0.4 30.9 31 69
FAV1049026 Day 1 2.9 4270 290000 427000000 0.09 34.9 35 65
FAV1049026 Day 3 7.5 4530 750000 453000000 0.2 36.5 37 63
Min 25 2560 250000 256000000 0.08 24 24 50

Median 7.5 4070 750000 407000000 0.23 37 37 63

Max 24.8 5660 2480000 566000000 0.74 49 50 76

Mean 8.2 4070 823137 407019608 0.2 36 36 64

SD 4.4 587 441517 58695856 0.1 54 54 5.4

%CV 53.6 14.4 53.6 144 53.6 15.1 15.0 8.5

Table 8.3.21 Red (RBC) and white (WBC) counts for each participant on Day 1, Day 3 and Day 5 with calculated cell volume and plasmaneoher HDBS.SD i
standard deviation, CViucoefficient of variation




Pharmacokinetic Parameters for FVP in H -Pleyon Day 1 and Day 3

Day 1 600, N =4 0.25 0.00 11000.33 5.08 769.99 21898.69
(0.17,0.38) - (7263.33, 16660.04) (2.92, 8.85) (88.70, 6684.23) (13533.17, 35435.35)
1200,N =4 0.39 0.00 28556.26 6.51 2160.19 77855.63
(0.25, 0.59) - (17297.71, 47142.67) (6.05, 7.01) (269.56, 17311.43) (33299.28, 182030.92)
1800, N =4 0.24 0.00 46500.21 6.28 2911.13 115226.25
(0.08, 0.73) - (24105.45, 89700.43) (6.06, 6.51) (192.32, 44063.69) (43611.79, 304438.05)
2400,N=4 0.44 0.00 76861.00 6.27 16102.19 249823.95
(0.02, 8.24) - (41211.76, 143347.76) (5.84, 6.73) (1286.74, 201502.66) (92722.79, 673103.19)
Day 3 600, N =4 0.80 383.24 11662.80 6.24 527.79 29242.42
(0.13, 4.80) (339.14, 433.07) (4631.29 ,29369.87) (5.95, 6.55) (202.81, 1373.54) (14520.79, 58889.33)
1200,N =4 0.74 3425.90 49593.45 6.46 15308.45 191122.70
(0.07, 7.34) (65.89, 178122.09) (26276.77, 93600.26) (6.05, 6.89) (1011.56, 231669.87) (52395.87, 697153.94)
1800,N =4 0.49 15838.07 65311.02 6.19 41255.60 282683.00
(0.05, 5.05) (7070.69, 35476.70) (35113.53, 121478.21) (5.88, 6.51) (18056.24, 94262.40) (179832.08, 444357.19)
2400,N=4 0.55 50350.03 117931.70 6.29 64200.93 527978.65
(0.04, 8.06) (10873.44, 233148.49) (57362.93, 242454.27) (5.90, 6.71) (14523.64, 283796.53) (242705.80, 1148557.05)
#sample prior to first dose of the day; Day 1 = Co, Day 3 = Gougn
N =Number of participants in the evaluable population

Table 8.3.22 Pharmacokinetic parameters (GM[95% confidence interval]) for FVP in HPLeyon study Day 1 and Day 3, stratified by cohort and study dalax LLtime
to maximum concentration, Cowough LUPredose concentration, Ghax - maximum concentration, Tas Wtime of last concentration, Gas: Wlast concentration, AUCwarea
under the concentration-time curve.
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Day 5FVP HPLe, Concentrations

o1 600, N = 3 17764.32 0.40
(14426.317 18178.41) (0.0370.82)
1200, N = 4 57413.86 0.58
(27300.387 91475.44) (0.0270.62)
1800, N =3 402.71 0.17
(366.10T 82361.56) (0.0870.18)
2400, N = 3 121635.48 0.28
(102572.727 211835.61) (0.23-0.47)
612 600, N =3 382.76 6.22
(382.76T 3263.53) (6.00T 6.25)
1200, N = 4 37221.64 6.22
(2948.397 80604.82) (6.00-6.52)
1800, N =3 80346.20 6.08
(44992.69T 80794.96) (6.08T 6.48)
2400, N = 3 87033.68 6.28
(82154.64T 129343.18) (6.2876.57)

Table 8.3.23 Summary (median [ range]) of FVP concentrations in-FLeyon Day 5, stratified by cohort and sampling windowN wnumber of participants, h- hours
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Concentration -Time Curves for FVP in HPkyfor All Participants, Stratified by Day

350000 Day1 350000 Day3
300000 300000
= 250000 = 250000
£ 3
W &
£ 200000 £ 200000
e 5
£ 150000 5 150000
= o
H E
o« 100000 I
________________ 'n]
. g---
50000 S o
0 = . e i i gkt e n et e st e e A
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 3.00 4.00 5.00 6.00 7.00 8.00

Time post-infusion (h) Time post-infusion (h)

Day 5
350000
300000
— 250000
3
£
E 200000
F 150000
)
=
& 100000 o e .
50000 R “
B g o
I e e MECEE L ek v 58
0.00 1.00 2,00 3.00 4.00 5.00 6.00 7.00
Time post-infusion (h)
FAV1049001, 600mg FAV1049005, 600mg FAV1049006, 600mg FAV1049007,600mg
~—&— FAV1049008, 1200mg — A~ FAV1049010,1200mg — B - FAV1049011, 1200mg ---© - FAV1049012, 1200mg
FAV1049015, 1800mg FAV1049017,1800mg FAV1049018, 1800mg FAV1049020, 1800mg
FAV1049022, 2400mg FAV1049024, 2400mg FAV1049025, 2400mg FAV1049026, 2400mg

Figure 8.3.21 Favipiravir concentrations in HPLeyover actual time post infusion stratified by study day in hospitalized COVAD9 patients receivinglV FVP600 mg
BDover 1h (Cohort 1 pink markers and lines ), 1200 mgBD over 1h (Cohort 2:blue markers and lines ), 1800 mgBD over 1h (Cohort 3:green markers and lines)
and 2400 mgBDfor 1 h (Cohort 4: yellow markers and lines). (Study days 1 and 3 n=4 for all cohorts, Day 5 cohort 1,3 and 4 n=3, cohort 2 n=4)
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Geometric Mean Concentration -Time Curves for FVP in HPLg,, for all Dosing Cohorts Stratified by Day
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Figure 8.3.22 Geometric mean FVP HPLgyconcentration versus geometric mean actual time postcompletion of infusion for all cohorts, stratified by day. Error bars
represent the 95% confidence interval
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Geometric Mean AUC and Cnax FVP in I-PL and HPLg,, Stratified by Day

Day 1 Day 3

8.3.2-3 GM(95%CI) FVP AU (top) and Gnax (bottom) in L-PL and HPLey, stratified by day. Black dashed lines indicate the 95% CI forL and red dotted lines
indicate 95% CI for HPLey
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