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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). Therefore, at the beginning of the 
SARS-CoV-2 pandemic in early 2020, favipiravir was amongst agents 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 ribofuranosyl-Ρќ-
triphosphate, which may have aided understanding of 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 continually changing. An intravenous formulation was developed by Fujifilm 
Toyama, and it was anticipated that this would overcome the reported challenges with the oral 
formulation.  

The intravenous formulation of favipiravir was investigated in patients who were hospitalised with 
severe COVID-19 in the AGILE CST-6 clinical trial. Participants were enrolled if they were within 
14 days of COVID-19 symptom onset and were classed as having severe COVID-19, but without 
requirement for invasive oxygen supplementation. The trial was a dose escalation study with the 
first cohort receiving 600 mg and subsequent cohorts receiving 1200, 1800 and finally 2400 mg 
of intravenous favipiravir infusion over 1 h, twice daily for 7 days.  

This thesis sought to develop and validate LC-MS/MS methods for the bioanalysis of samples 
collected from participants on the AGILE CST-6 trial and to characterise the pharmacokinetics of 
intravenous favipiravir and its active intracellular metabolite favipiravir-Ρќ-triphosphate. Further 
to this, the inactive metabolite, favipiravir M1 was characterised to evaluate differences in 
aldehyde oxidase activity. Seven methods were developed and validated in total for the 
quantitation of favipiravir in plasma, saliva, tears and nasal swabs, and dried plasma, for 
favipiravir M1 in plasma and for quantitation of favipiravir ribofuranosyl-Ρќ-triphosphate 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 matrices. Increases 
in plasma favipiravir concentrations were greater than dose proportional. Doses of 2400 mg were 
required to meet the target Ctrough of 24900 ng/mL, with subtherapeutic levels of favipiravir 
observed in 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 M1-to-favipiravir. Correlations between 
favipiravir liquid plasma and HemaSep҂ plasma, the improved stability of favipiravir 
ribofuranosyl-Ρќ-triphosphate 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), HCIDs are classed as those which 

are acute in nature, with limited prophylaxis or treatment options and high case-fatality 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 viruses (H5N1, H5N6, H7N7, H7N9) and coronaviruses (Middle Eastern 

respiratory syndrome; MERS, severe acute respiratory syndrome; SARS). Coronavirus disease-

2019 (COVID-19) was categorised as a HCID with the publication of the UK Health Security 

ŊĲŰĦǃќƚШыcÉ ь guidance document on 16th January 2020 (HSA, 2020). However, this status was 

rescinded on the 19th 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 following indicated that 

mortality was much lower at < 5% (Rajgor et 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 people (ONS, 2020), leading to the removal of COVID-19 from the HCID 

list.   

Outbreaks of HCIDs tend to occur sporadically, but the past decade has seen several larger 

epidemics (EVD, SARS-CoV-2, Mpox) with national and global impact, due to the relative ease at 

which the pathogens can be transmitted via both contact and airborne routes (Sowole et al., 
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2024). In 2014 т 2016, there was a large EVD outbreak in West Africa with over 28,000 cases and 

11,000 deaths (Kamorudeen et 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 т 66.7% (Kamorudeen et 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 healthcare workforce in Liberia died from EVD(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 settings (Elston et 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 psychological 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 items (Kyobe Bosa et al., 2024). All of these factors 

have considerable post-outbreak 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 rise in 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 outbreak (Elston et al., 2017).  

More recently, the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-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 

COVID-19 and 7,000,000 deaths (WHO, 2025). The interventions used to quell the spread of 

SARS-CoV-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 reported post-traumatic stress disorder following the 

most severe waves of COVID-19 in 2020 and 2021 (Alizadeh et al., 2023). The closure of schools 

ĬƨƖŔŰŊШũŸĦťĬŸƽŰƚШőċƚШċŉŉĲĦƣĲĬШċƓƓƖŸǂŔůċƣĲũǃШΝЮΣШĤŔũũŔŸŰШũĲċƖŰĲƖƚЯШċƖŸƨŰĬШΦΠӖШŸŉШƣőĲШƽŸƖũĬќƚШ

student population (Alizadeh et al., 2023). The economic impact of COVID-19 has also been 

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

nations, job losses, and stunted economic growth (Rathnayaka et 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 these emerging 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 SARS-CoV-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 COVID-19 treatment was conducted in 

February 2020 for remdesivir and human clinical trials for a SARS-CoV-2 vaccine were 

commenced in March 2020. The first approved vaccine, from Pfizer, was given in the UK to 

Margaret Keenan, a 90-year-old woman, on the 8th 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 body processes a drug through four 

main processes т 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 (GI) pH and enzymes, and absorption of such entities can be influenced 

by presence of bile and mucus in the GI tract, differences in pH in the lumina of the GI 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 or the 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 orally 

administered drugs (Boussery et 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 tissue (Boussery et 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 

ыĲЮŊЮШċũĤƨůŔŰЯШ͈Ν-acid glycoprotein). Only the unbound 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 (Kester et al., 2012). The volume of distribution (Vd) can be used as a reference for the 

predicted plasma concentration from a given dose т drugs that are highly tissue bound will have 

a higher Vd and a lower plasma concentration due to less drug being present in the circulation, 

conversely drugs that remain in the circulation have a low Vd (Moini et 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) family (Moini et al., 2023). Metabolism 

generally occurs in two phases: 

Phase I reactions involve addition or removal of functional groups  

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

Drugs may undergo either phase exclusively or both (Ross and Xu, 2021). Compounds that 

undergo phase II metabolism are more polar and therefore more easily excreted via the kidneys 

and liver than those that are only metabolised via phase I reaction.  Metabolism rate varies 

between individuals and is influenced by genetics, comorbidities (e.g. chronic liver disease) and 

drug-drug interactions (DDIs) that can induce or inhibit drug metabolism (Issa et al., 2017).  

1.2.4 Excretion 

Excretion of drugs largely occurs in the kidneys, via glomerular filtration or active tubular 

secretion (Boussery et 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 in 

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 dose-response relationship 

which assists in the determination of a safe dosage range when proceeding to first-in-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 COVID-19 and its potential use in the treatment of HCIDs. 

Additionally, it examines innovative sampling technologies (plasma separation cards) 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 SARS-CoV-2 

SARS-CoV-2 is a member of the Coronaviridae family of viruses and is one of seven coronaviruses 

that are known to infect humans (NL63, 229E, HKU1, OC43, SARS-CoV and Middle East 

respiratory syndrome coronavirus). SARS-CoV-2 belongs to the beta-coronavirus genera that 

includes other highly pathogenic coronaviruses, SARS-CoV and Middle Eastern respiratory 
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syndrome coronavirus (MERS-CoV). However, the beta-coronaviruses also include less 

pathogenic viruses that cause seasonal respiratory disease in humans, such as HKU1 and OC43 

(Kesheh et al., 2022).  

SARS-CoV-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 revealing a virus with 70% 

genome homology with SARS-CoV-1 and 95% homology to bat coronavirus (Siddiqui et 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 

11th 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 animal is yet to be 

identified for SARS-CoV-2, but genetic analysis indicates the 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 SARS-CoV-2 unveiled two distinct SARS-CoV-2 lineages, that were 

distributed simultaneously from separate markets. It seems likely that the intermediary in the 

case of SARS-CoV-2 would be a small mammal, as palm civets were identified as the probable 

intermediate animal following the 2003 outbreak of SARS-CoV-1(Pagani et al., 2023).  

1.3.1 Virus Genome and Structure 

SARS-CoV-2 virions are round or elliptic in shape with a diameter of between 60 т 140 

nm(Cascella et al., 2024). Coronaviruses have the largest genomes among viruses, with the 

SARS-CoV-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 RNA-dependent RNA polymerase 

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

viral particles.  

The SARS-CoV-2 genome encodes four structural proteins: envelope (E), nucleocapsid (N), 

membrane (M) and spike glycoprotein (S) as well as 16 non-structural proteins (NSPs) and 

between 5 and 8 accessory proteins. These proteins are encoded by open reading frames (ORFs), 

alongside ORF1a and ORF1b that encode the replicase and protease enzymes, respectively. This 

mode of genomic organisation is common to coronaviruses, such that SARS-CoV-2 shares 

approximately 89% sequence homology with other coronaviruses(Naqvi et al., 2020). A 

frameshift mechanism between ORF1a and ORF1b initiates the production of respective 

polypeptides, pp1a and pp1ab, which are cleaved into NSP 1 т 16 by virally-encoded 

chymotrypsin-like protease (3CLpro) (Cascella et 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 infection (Astuti and Ysrafil, 2020) while 

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

The pathogenesis of SARS-CoV-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 (N)-terminal S1 subunit. This S1 subunit is formed of the receptor binding domain 

(RBD) and N-terminal domain (NTD) that enable viral entry into host cells. S protein also contains 

a carboxyl (C)-terminal 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 angiotensin-converting 

enzyme 2 (ACE2) 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 

(Cascella et 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 is followed 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. ORF1a and ORF1b are 

immediately translated into pp1a and pp1ab, which are then cleaved by virus-encoded proteases 

into NSP 3, 4 and 6 that form the viral replication-transcription 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 reticulum-Golgi intermediate compartment. Nucleocapsid 

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 exocytosis (V'Kovski et al., 2021; Pizzato et 

al., 2022).   
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Figure 1.3.2-1 SARS-CoV-2 replication cycle. Image from: (Pizzato et al., 2022). ORF ш open reading 

frame, pp ш polyprotein, ERGIC - endoplasmic reticulum-Golgi intermediate compartment, nsps ш non-

structural proteins 

1.3.3 Natural History 

After its emergence, and in the absence of any immunity amongst the population, SARS-CoV-2 

quickly spread around the world (Figure 1.3.3-1). Its spread was aided by the celebration of Lunar 

New Year in China, with millions travelling out of Wuhan to their hometowns prior to travel bans 

being enforced on 23rd January 2020 (Chen et al., 2020b).   

In order to establish an infection, SARS-CoV-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 

SARS-CoV-2 Replication Cycle  
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the host cell machinery to replicate itself and sustain the infection. There are five sequential 

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

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

o Pulmonary: X-rays and/or computed tomography (CT) scan indicates opacities in the 

chest 

o Thrombosis: elevated D-dimer, von Willebrand factor (vWF) and fibrinogen 

o Hyper-inflammatory: elevated cytokines including IL-6, IL-17 and interferon gamma 

 (IFN-͊ь 

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 influenza-like illness, 

which subsides within approximately 14 days(Liang 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 pneumonia-like with shortness of breath and 

lung inflammation, which may be evident via chest imaging. As the infection progresses in 

acutely unwell COVID-19 patients, endothelial dysfunction can trigger vascular events such as 

venous thromboembolism, intravascular thrombosis and micro-thrombosis/embolism (Liang et 

al., 2024). In advanced SARS-CoV-2 infection, patients may reach the hyper-inflammatory stage, 

during which a cytokine storm occurs leading to widespread inflammation and the possibility of 

acute respiratory distress syndrome, sepsis and multi-organ 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 COVID-19 that cannot be explained by other diagnoses. This is 

defined as long-COVID.  
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To manage SARS-CoV-2 variants throughout the pandemic, three terms have been used to 

describe the potential public health impacts of observed mutations (Table 1.3.3-1). Variants 

under monitoring (VUM) are SARS-CoV-2 variants with genetic differences suspected 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 (VOCs) 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 disease(WHO, 2023a). 

SARS-CoV-2 Variants 

VOC Lineage First 

detected  

Notable Mutations  Source 

Alpha B.1.1.7 September 

2020 

N501Y increased binding affinity for 

ACE2 

ECDC 

Beta B.1.351 December 

2020 

K417N, E484K, N501Y increased 

binding affinity for ACE2 

ECDC 

Gamma P.1 December 

2020 

L18F, K417N, F484K ECDC 

Delta  B.1.617.2 December 

2020 

T19R (G142D*), 156del, 157del, 

R158G, L452R, T478K, D614G, P681R, 

D950N 

ECDC 

Omicron  BA.1 November 

2021 

K417N, E484A increased likelihood of 

vaccine breakthrough 

ECDC 
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VUM Lineage First 

detected  

Notable Mutations  Source 

Omicron  JN.1.18 November 

2023 

JN.1 descendent with  S:R346T 

 

WHO 

Omicron  KP.2 January 2024 JN.1 descendent with S:R346T, 

S:F456L, S:V1104L 

WHO 

Omicron  KP.3 February 

2024 

JN.1 descendent with S:F456L, 

S:Q493E, S:V1104L 

WHO 

Omicron  LB.1 February 

2024 

JN.1 descendent with S:S31-, 

S:Q183H, S:R346T, S:F456L 

 

WHO 

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:F59S, 

S:F456L, S:Q493E, S:V1104L  

 

VOI Lineage First 

detected  

Notable Mutations  Source 

Omicron  BA.2.86 July 2023 Spike: I332V, D339H, R403K, V445H, 

G446S, N450D, L452W, N481K, 

483del, E484K, F486P 

ECDC 

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

Table 1.3.3-1 List of SARS-CoV-2 variants by type. NB: currently there are no VOCs, all have been 
downgraded due to low prevalence. VUMs and VOIs correct as of January 2025. WHO ш World Health 
Organization, ECDC ш European Centre for Disease Control, VUM ш variant under monitoring, VOC ш 
variant of concern, VOI ш variant of interest 

During 2020, there were three VOCs т Alpha, Beta and Delta т circulating around the globe. As a 

result of continued viral evolution, Omicron quickly became the dominant circulating variant 

following its emergence in November 2021, with all other VUMs and VOIs thereafter of Omicron 

origins (Figure 1.3.3-1). Omicron SARS-CoV-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 predecessors, via treatment resistance or 

immune evasion.  

Ш 
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Spread of SARS-CoV-2 Variants Over Time  

Figure 1.3.3-1 Maps of the spread of SARS-CoV-2 with wildtype/early variants (top) and Omicron only 
variants (bottom) indicated by date first detected. Maps generated using GISAID.org. 

 

 



27 
 

1.3.4 Clinical Manifestations 

SARS-CoV-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 GI tract, the hepatobiliary system, the renal system, cardiovascular system and 

the central nervous system (CNS) (He et al., 2022; Pattanaik et al., 2023; Shih and Misdraji, 2023; 

Yugar-Toledo 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, SARS-CoV-2 symptoms are flu-like 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 diarrhoea (da Rosa Mesquita et al., 

2021; Luo et al., 2022).  

The United States National Institutes of Health (NIH) categorise COVID-19 into five disease types 

(NIH, 2024a).  

o Asymptomatic/pre-symptomatic: positive polymerase chain reaction (PCR) test for 

SARS-Cov-2 but lack of clinical symptoms consistent with COVID-19  

o Mild illness: 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  

o Moderate illness: clinical symptoms as above or chest imaging with evidence of lower 

respiratory tract disease, oxygen saturation (SpO2) ӄШΦΠӖШƽŔƣőŸƨƣШŸǂǃŊĲŰШƚƨƓƓŸƖƣ 

o Severe illness: SpO2 < 94% without oxygen support, PaO2/FiO2 < 300 mmHg, respiration 

rate greater than 30 breaths per minute or lung infiltrates > 50% 
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o Critical illness: development of acute respiratory distress syndrome (ARDS), acute 

respiratory failure, septic shock, multiple organ dysfunction т 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 pre-existing 

respiratory issues.  Diagnosis of ARDS is determined by the ratio of partial pressure of arterial 

oxygen to the fraction of inspired oxygen (PaO2/FiO2), presence of bilateral opacities on chest 

imaging, ventilation requirements and evidence of lung collapse.  

There are also several extrapulmonary manifestations resulting from SARS-CoV-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 recognised 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 (ICU). Alongside this, haematological signs are noted, with lymphocytopenia 

frequently observed in laboratory testing of blood collected from patients with SARS-CoV-2 

infection(Palladino, 2021). GI symptoms are seen in approximately 20 - 40% of patients but are 

rarely severe (Tariq et al., 2020; Al-Momani 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; Luca et 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 COVID-19(Shekhar et al., 2020; Banull 

et al., 2022).  

Post-acute sequelae (also known as long COVID) of SARS-CoV-2 infection have been 

documented with incidence of approximately 10%, but as high as 70% in individuals hospitalised 

with COVID-19 (Davis et al., 2023). The term has been used to describe the presence of a variety 

of symptoms in the weeks or months following SARS-CoV-2 infection (Raveendran et al., 2021). 
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The reported symptoms of long COVID are wide ranging, encompassing multiple organ systems. 

Commonly reported disorders following SARS-CoV-2 infection include cardiovascular disease, 

type 2 diabetes mellitus, myalgic encephalomyelitis (ME)/chronic fatigue syndrome (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 period(Raveendran et al., 2021). Many of the individuals with these sequelae are unable 

to return to work and there is currently no effective treatment for long COVID (Davis et al., 2023). 

1.3.5 Diagnosis 

Infection with SARS-CoV-2 is generally diagnosed using molecular techniques, such as PCR. The 

standard test requires a nasopharyngeal swab, which is tested for SARS-CoV-2 RNA using real-

time PCR. There are several protocols in use that utilise different primers from various regions of 

the SARS-CoV-2 genome. Some assays are singleplex such as the Berlin and China protocols 

which utilise envelope/RdRp and nucleoprotein/ORF1b primers, respectively (Corman et al., 

2020). Other PCR protocols employ multiple gene targets such as the commercially available 

DAAN gene® triplex test (nucleoprotein, ORF1ab plus internal control) and the Institut Pasteur 

Paris (IPP) triplex test (NSP9, NSP12 plus internal control) (Gdoura et 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 testing (Cascella et al., 2024) and the rush to manufacture serology tests for 

COVID-19 led to an influx of poor quality products on the market(West et 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. COVID-VIRO® Antigen Rapid Test, AAZ, France), S protein 

(SARS-CoV-2 Spike Colloidal Gold Chromatographic Assay, R-Biopharm, Germany) or both 

(Humasis OneStep COVID-19 Ag Test, Humasis, South Korea)(Gourgeon et 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 testing was available to the 

majority of the general public. At-home testing within 30 minutes enabled individuals to make 

ŔŰŉŸƖůĲĬШ ĦőŸŔĦĲƚШ ŸŰШ ŔƚŸũċƣŔŸŰШ ċŰĬШ ƓƖŸƻŔĬĲĬШ ƖĲċƚƚƨƖċŰĦĲƚШ ŉŸƖШ ћƖĲƣƨƖŰŔŰŊШ ƣŸШ ŰŸƖůċũќШ ŸŰĦĲШ

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 SARS-CoV-2 infection (Cascella et al., 2024).  

1.4 Treatment 

At the beginning of the pandemic, due to the emerging nature of SARS-CoV-2, understanding of 

COVID-19 and how to treat and manage patients was limited. The mortality rate initially appeared 

relatively high, and there was urgent need to mitigate the impact of SARS-CoV-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 appropriate treatment for COVID-19. 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 RDV-triphosphate that inhibits the action 

of viral RdRp. The in vitro activity of RDV against highly pathogenic CoVs, SARS-CoV and MERS-

CoV, was previously established in 2017 (Sheahan et al., 2017) and experiments early in 2020 

confirmed inhibition of SARS-CoV-2 replication by RDV in vitro (Wang et al., 2020b). Early 

compassionate use of RDV in hospitalised patients with COVID-19 appeared to indicate some 
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benefit with clinical improvement seen in a majority of patients dosed with intravenous (IV) 

RDV(Grein et al., 2020). Further randomised, placebo-controlled trials reinforced this initial 

evidence, with the ACTT-1 trial (n = 1062; 541 randomised to receive RDV) demonstrating 

shortened time to recovery compared to placebo in adult participants hospitalised with COVID-

19 and the SIMPLE-severe trial (n = 584; 384 receiving RDV) noting improved clinical outcomes in 

hospitalised participants receiving RDV for either 5 or 10 days (Beigel et al., 2020; Goldman et 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 COVID-19 and outpatients who are at increased risk of progression to 

severe disease and therefore hospitalisation (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 CYP3A4 isoform boosting the LPV plasma half-life(Zhang et al., 2020). The activity of LPV/r 

against CoVs was established during the 2003 SARS epidemic, where in vitro activity was noted 

alongside favourable evidence for use of LPV/r when administered with ribavirin (RBV) to patients 

with severe acute respiratory syndrome (SARS) (Chu 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 interferon-alpha) to patients with MERS(Kim et al., 2016). Despite this, trials 

investigating LPV/r for treatment of COVID-19 have been negative, despite the supratherapeutic 

doses used. An early trial conducted in China (n = 199) observed no clinical benefit of LPV/r in 

patients admitted to hospital with COVID-19. However, a retrospective study, also in China, 

noted improved chest imaging in patients who received LPV/r monotherapy (Cao et al., 2020; 

Deng et al., 2020). These early trials involved small participant  numbers and lacked 

randomisation and placebo controls, therefore LPV/r remained under consideration.  



32 
 

Randomised controlled trials (RCTs) largely did not support the use of LPV/r for treatment of 

COVID-19. 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 UK-based 

RECOVERY trial (n = 1616) observed that LPV/r did not reduce 28-day mortality, the duration of 

stay in hospital, or participantƚќШƖŔƚťШŸŉШƓƖŸŊƖĲƚƚŔŸŰШƣŸШƚĲƻĲƖĲШĬŔƚĲċƚĲ (Group, 2020). Finally, the 

TREATNOW trial reported that compared to placebo, LPV/r had no benefit in time to symptom 

resolution or reduction in hospital admissions in non-hospitalised participants with COVID-19 

(Kaizer et al., 2023).  

1.4.3 Molnupiravir (EIDD-2801) 

~ŸũŰƨƓŔƖċƻŔƖШ ы~ÂéьШ ŔƚШ ċШ ŰƨĦũĲŸƚŔĬĲШ ċŰċũŸŊƨĲШ ƓƖŸĬƖƨŊШ ŸŉШ ƣőĲШ ƖĲũċƣĲĬШ ĦŸůƓŸƨŰĬЯШ ͉-D-N4-

hydroxycytidine (EIDD-1931), which was originally identified for its anti-influenza A virus and anti-

respiratory syncytial virus (RSV) properties. MPV has better oral bioavailability compared to 

EIDD-1931 and its antiviral activity against SARS-CoV-2 was demonstrated early in the 

pandemic, favouring the move to investigate the drug via clinical trials; several RCTs were 

conducted as a result. The MOVe-OUT study (n = 1,433) investigated MPV (800mg, twice daily; 

BD) given to unvaccinated outpatients with laboratory confirmed COVID-19 with risk of 

developing severe disease. The trial concluded that early treatment reduced risk of 

hospitalisation in the study group (Jayk Bernal et al., 2022). Similarly, the AGILE CST-2 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 SARS-CoV-2 variants (Khoo et 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 high-risk vaccinated participants but viral load reductions were 

significantly faster in the MPV arm (Butler et al., 2023). Further RCTs conducted in China found 
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that MPV offered significant clinical improvement and shortened time to negative PCR (Zou et 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 COVID-19 and who are at risk of developing severe 

disease and therefore hospitalisation (FDA, 2021; MHRA, 2021). There have been some concerns 

regarding the use of MPV and the potential for onward transmission of MPV-mutated SARS-CoV-

2 if patients receiving MPV therapy do not fully clear the virus upon completion of treatment. 

Indeed, MPV-derived SARS-CoV-2 lineages and subsequent transmission of such lineages has 

been documented since the introduction of MPV as therapy for COVID-19 (Sanderson et 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 accelerating evolution of the 

virus, with potential to generate new viral variants with resistance associated mutations 

(RAMs)(Fountain-Jones et al., 2022). 

1.4.4 Nitazoxanide 

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

of cryptosporidiosis and giardiasis (Walker et 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., 2014)ЮШfƣШŔƚШƖĲƓŸƖƣĲĬШƣőċƣШ ÑüќƚШċŰƣŔƻŔƖċũШĲŉŉĲĦƣШŸĦĦƨƖƚШ

through inhibition of host enzymes, preventing post-translational processing of viral proteins 

(Aboul-Fotouh et al., 2023). An early proof-of-concept trial (n = 50) indicated superiority of NTZ 

dosed at 600 mg BD when compared to placebo, with better clinical and virological outcomes in 

participants receiving NTZ(Blum 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=0.006)(Rocco et al., 2021). However, a RCT conducted by the same researchers 

for NTZ treatment of hospitalised participants requiring supplemental oxygen therapy did not 

establish a benefit for this participant  group. NTZ treatment (500 mg, t.i.d.), when compared to 

placebo did not prevent admission to the ICU for patients in hospital with COVID-19 associated 

pneumonia (Rocco et al., 2022). A US RCT of outpatients with laboratory-confirmed SARS-CoV-2 

reported evidence that early treatment with NTZ (600 mg, BD) could reduce progression to severe 

illness in high-risk participants and lower the time to a lasting clinical response in participants 

with milder illness (Rossignol et al., 2022).  

1.4.5 Nirmatrelvir/ritonavir (Paxlovid҂) 

Nirmatrelvir (NMV) is a protease inhibitor that acts to inhibit SARS-CoV-2 3CLpro, thereby 

inhibiting cleavage of pp1a and pp1ab(Owen et al., 2021). An accelerated phase I randomised, 

double-blind, placebo-controlled study reported the safety, tolerability and PK of NMV with and 

without RTV boosting. NMV exposure and half-life were substantially increased by concomitant 

dosing with RTV, via inhibition of the CYP3A4 metabolic pathway. As a result, a regimen of 300 

mg NMV in combination with 100 mg RTV (Paxlovid҂) administered twice daily for 5 days was 

selected for phase II/III clinical trials in participants with COVID-19(Singh et al., 2022). 

Subsequent phase II/III trials, such as the EPIC-HR 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 Paxlovid҂ remained effective despite the 

increasing number of SARS-CoV-2 variants and sub-variants (Aggarwal et 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 3CLpro 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, immunosuppressants and systemic 

corticosteroids amongst others. This may be of particular importance due to the fact that 

patients at higher risk for severe COVID-19 are those with chronic comorbidities, cancer, 

cardiovascular disease (including hypertension) and kidney failure (Martono et al., 2023) and 

therefore those at higher risk with more to benefit from Paxlovid҂ therapy, are also more likely to 

experience DDIs between existing medications and RTV. Recently, there have been concerns 

raised regarding the effectiveness of Paxlovid҂ in 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 COVID-19 symptoms following cessation of Paxlovid҂ therapy 

(Charness et al., 2022; Boucau et al., 2023; Carlin et al., 2023). Notably, resistance mutations 

were not observed in these cases. The precise mechanism by which viral rebound occurs in 

patients treated with Paxlovid҂ is not yet understood. 

1.4.6 COVID-19 Treatment Guidelines т December 2024 

The WHO strongly recommends use of Paxlovid҂ for individuals at high risk of progression to 

severe COVID-19 and admission to hospital. In the absence of Paxlovid҂, 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 

COVID-19 and hospitalisation (WHO, 2023b).  

In the UK, the National Institute for Health and Care Excellence (NICE) suggests Paxlovid҂ may 

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

risk of progression to severe COVID-19: ċŊĲШӂШΤΜШǃĲċƖƚЯШĤŸĬǃШůċƚƚШŔŰĬĲǂШы7~fьШӄШΟΡШťŊоů2, 

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 3-day dosing schedule for children and young people weighing > 40 

kg and adults who are commencing treatment within 7 days of symptom onset and thought to be 

at high risk of developing severe COVID-19. RDV is not recommended for hospitalised COVID-19 

patients receiving supplemental oxygen therapy (NICE, 2021).  

In the US, The NIH recommends for the use of Paxlovid҂ and RDV in non-hospitalised patients 

with mild-moderate COVID-19 at high risk of progression to severe disease and hospitalisation 

but recommends against the use of Paxlovid҂ in patients with mild-to-moderate COVID-19 with 

low risk of progression to severe disease and hospitalised patients. MPV is recommended for 

patients with mild COVID-19 with the highest risk of hospitalisation and where the preferred 

therapies (Paxlovid҂ and RDV) are not available. RDV is the only direct antiviral therapeutic 

recommended by the NIH for patients already hospitalised with COVID-19 (NIH, 2024b). 

Although three drugs are currently recommended in the treatment of COVID-19, 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 of SARS-CoV-

2 infection.  

1.5 Favipiravir 

Favipiravir (FVP; Fujifilm Toyama Medical Co Ltd.) was approved for use against novel or re-

emerging strains of influenza virus in 2014 in Japan (PMDA, 2014) and 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 BD from 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. Lassa, CCHF, EVD) and 

SARS-CoV-2.  
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1.5.1 Mechanism of Action 

Initial experiments demonstrated that FVP is a prodrug, that is metabolised intracellularly to the 

active form, FVP ribofuranosyl-Ρќ-triphosphate (F-RTP), by cellular kinases. Viral polymerase 

misidentifies F-RTP as a natural nucleotide, whilst host cell enzymes are able to differentiate 

FVP, F-RTP and the intermediate, FVP ribofuranosyl-Ρќ-monophosphate (F-RMP), from natural 

nucleotides. This makes FVP a selective inhibitor of the viral polymerase and is postulated to be 

the reason for lower toxicity with FVP compared to similar drugs, such as ribavirin (RBV)(Furuta 

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 of F-RTP 

into the nascent RNA chain, leading to chain termination and therefore inhibiting viral replication. 

The second is induction of lethal mutagenesis by increased frequency of guanosine-to-

adenosine mutations in the viral RNA (Hayden and Shindo, 2019). High rates of mutation in the 

genome leads to loss of function (e.g. infectivity) or the production of non-viable virions (Pavlova 

et al., 2021; Zhao and Zhong, 2021). FVP 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 pre-clinical studies in 

animals indicated little difference in FVP exposure in mice receiving either oral or IV FVP (PMDA, 

2014). FVP is approximately 54% bound to plasma proteins, of which 65% is serum albumin and 

ΣЮΡӖШ ŔƚШ ͈Ν-acid glycoprotein (PMDA, 2014; Hayden and Shindo, 2019). FVP is primarily 

metabolised via aldehyde oxidase (AO) to the pharmacologically inactive hydroxy metabolite 

(FVP M1), which is excreted predominantly via the kidneys in the urine (Madelain et al., 2016).  
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Reported Cmax for the approved dosing regimen (1600 mg BD loading dose followed by 600 mg 

BD) is 59430 ng/mL on Day 1 and 61500 ng/mL at steady state (Madelain et al., 2016). However, 

during drug development, trials on healthy US participants revealed up to 50% lower plasma FVP 

concentrations than healthy Japanese participants(PMDA, 2014). FVP has very short Tmax and t1/2 

of approximately 2 h and 5 h, respectively (Madelain et al., 2016). It is postulated that the active 

intracellular metabolite, F-RTP, would have an extended half-life compared to FVP as is the case 

for other nucleoside analogs (e.g. TFV vs. TFV-DP)(Anderson et al., 2018). However, data on F-

RTP PK is lacking.  

1.5.3 Influenza Viruses 

During drug development, FVP demonstrated activity against all influenza subtypes from strains 

A, B and C. This included subtypes that were resistant to neuraminidase and M2 ion channel 

inhibitors and synergistic effects were seen when FVP was given alongside oseltamivir to mice 

infected with the highly pathogenic influenza virus strains, H5N1, H3N2 and H1N1 (Furuta et 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 to alleviate clinical 

symptoms of influenza infection (Hayden et al., 2022). One clinical trial assessing the licensed 

FVP dose (1600 mg BD on 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 (Ctrough) of ӄ 20 µg/mL when used for the treatment of uncomplicated influenza 

(Wang et al., 2020d). 
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1.5.4 Ebola Virus Disease 

Despite the high mortality rates resulting from Ebola virus (EBOV) infection, a universal treatment 

is yet to be realised. The severity of the 2014 т 2016 outbreak in sub-Saharan Africa reignited the 

search for an effective treatment for EVD and FVP was initially shown to be effective at reducing 

viremia and lethal outcomes in mice infected with wild-type Zaire 1976 EBOV (Oestereich et al., 

2014a). The WHO launched a fast-track 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 humans, in vivo efficacy demonstrated 

against EBOV and robust drug supply (Sissoko et al., 2016). The subsequent JIKI clinical trial 

established that whilst FVP was well tolerated in participants with EVD, the anti-viral 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 (EC50)(Sissoko et al., 2016; Nguyen et al., 2017; Guedj et al., 

2018). Studies in non-human primates indicate that higher doses of FVP could improve clinical 

outcomes and survival in patients infected with EBOV (Guedj et al., 2018).  

1.5.5 Lassa Fever Virus 

Lassa fever is a viral haemorrhagic fever endemic to West Africa. The natural host for Lassa fever 

virus is the rat species Mastomys natalensis; the virus is spread to humans via contact with the 

rats, their excrement or consumption of rat meat (Richmond and Baglole, 2003).  

RBV 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 Lassa fever were treated with both 

FVP and RBV and made a complete 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 

(Raabe et al., 2017). The SAFARI trial (NCT04907682) is a phase II RCT (n = 40), evaluating the 

safety, tolerability and PK of FVP compared to RBV for treatment of Lassa fever (Groger et al., 

2023).  

1.5.6 Crimean-Congo Haemorrhagic Fever Virus 

CCHF is 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 treatment (Tipih et al., 2023). FVP 

has demonstrated significant benefit in protecting both immune competent and type I interferon 

deficient mice from clinical disease and death, indicating the potential utility of FVP for treatment 

of CCHF in humans (Oestereich et al., 2014b; Hawman et al., 2018; Tipih et al., 2023). A case 

report of a 65-year-old in Türkiye co-infected with SARS-CoV-2 and CCHF virus and treated with 

FVP noted resolution of clinical symptoms and normalisation of laboratory test findings after 5 

days of therapy (Dulger et al., 2020). The UMIT-1 trial (NCT05940545) is a randomised phase Ib 

clinical trial investigating IV FVP with and without combination RBV therapy for the treatment of 

CCHF (LSTM, 2023).  

1.5.7 Experimental Evidence for Other 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 (Arias et 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 selective 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 (Kreins et al., 2024). However, treatment of a kidney transplant patient with FVP for 

chronic norovirus infection did not lead to an improvement in GI 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 prevented death 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 outcomes (Kimitsuki 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 survival (Yamada et al., 2016). This evidence indicates 

that FVP should be further investigated for Rabies PEP.  

Severe fever with thrombocytopenia syndrome (SFTS) is a zoonotic disease, carried by ticks, 

which causes high fever, GI symptoms, and symptoms consistent with other haemorrhagic 

fevers. The case-fatality rate is high (approximately 20%) and therapeutic options are limited 

(Tani et al., 2016; Seo et al., 2021). A non-randomised, 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 SFTS (Suemori et al., 2021).  

1.5.8 SARS-CoV-2 

Due to its demonstrated broad spectrum antiviral activity, FVP was quickly identified as a 

potential therapeutic agent for SARS-CoV-2. Since early 2020 there have been several case 

reports, observational studies and RCTs investigating the use of FVP for treatment of COVID-19. 
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Early in vitro experiments in Vero E6 cells indicated that high concentrations of FVP would be 

needed to effectively suppress SARS-CoV-2 replication, with reported EC50 of 61.88 µM (~9.7 

µg/mL) (Wang et al., 2020b). Early clinical reports from China suggested that treatment of 

hospitalised patients testing positive for COVID-19 with FVP (1600 mg BD loading dose followed 

by 600 mg BD) could lead to improvements in chest imaging, faster viral clearance and time to 

defervescence (Cai et al., 2020; Chen et al., 2021). Further in vitro experiments produced 

conflicting information with one report documenting EC50 > 500 µM and therefore no antiviral 

effect of FVP on SARS-CoV-2 and other articles demonstrating increases in FVP-induced 

mutations in the SARS-CoV-2 genome, reduction in viral RNA copy number, infectious particle 

yield and decreased cytopathic effect from SARS-CoV-2 infection (Jeon et al., 2020; Shannon et 

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 F-RTP. These trials also failed to deliver a convincing verdict on 

the utility of FVP in the treatment of COVID-19. 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 COVID-19 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, admissions to ICU or mortality when 

administered to hospitalised participants with high risk of progressing to severe disease 

(Bosaeed et al., 2022; Chuah et 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; McMahon et al., 2022; Golan et al., 

2023).  

A number of reasons were cited for the failure of FVP to produce an antiviral effect in five RCTs. 

Three of five reported the high EC50 target (9.7 µg/mL compared to 0.03 т 0.79 µg/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; Holubar et al., 2022; McMahon et 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 SARS-CoV-2 (Bosaeed et 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 some participants and therefore had no opportunity 

to exert its antiviral effect (Chuah et al., 2022; Golan et 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 of 3 т 9 tablets 

twice a day (Golan et 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 warranted. Evaluating 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 FVP is currently absent, creating uncertainty when selecting the 

appropriate dose to achieve therapeutic outcomes.  

In the case of COVID-19, 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 non-plasma matrices relevant to SARS-CoV-2 transmission (e.g. saliva, tears, 

nasal secretions), F-RTP 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 endemic.   



44 
 

 

 

 

 

 

 

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   



45 
 

CONTENTS 

 
2.1 Introduction  
 2.1.1 Favipiravir Chemistry 
2.2 Literature Review 
 2.2.1 Extraction Procedure 
 2.2.2 Separation and Mobile Phase 
 2.2.3 Calibration Range 
 2.2.4 Mass Spectrometer Parameters 
 2.2.5 Application to Clinical Samples 
 2.2.6 Starting Conditions 
2.3 Materials and Methods  
 2.3.1 Chemicals 
 2.3.2 Equipment 
 2.3.3 Standard and Quality Control Preparation 
 2.3.4 Sample Preparation 
 2.3.5 LC-MS/MS Procedure 
2.4 Validation Methodology  
 2.4.1 Selectivity 
 2.4.2 Recovery and Matrix Effects 
 2.4.3 Accuracy and Precision 
 2.4.4 Carryover 
 2.4.5 Stability 
 2.4.6 Dilution Integrity 
 2.4.7 Partial Validation of Higher Calibration Curve 
2.5 Results  
 2.5.1 LC-MS/MS Conditions 
 2.5.2 Selectivity 
 2.5.3 Recovery and Matrix Effects 
 2.5.4 Accuracy and Precision 
 2.5.5. Carryover 
 2.5.6 Stability 
 2.5.7 Dilution Integrity 
 2.5.8 Higher Calibration Curve т Precision and Accuracy 
2.6 Clinical Application  
2.7 Discussion   

 

 



46 
 

2.1 Introduction 

2.1.1 Favipiravir Chemistry 

Favipiravir (6-fluoro-3-hydroxypyrazine-2-carboxamide; T-705; FVP) was discovered by Fujifilm 

Toyama Chemical Co., Ltd following derivitisation of the related pyrazinecarboxamide 

compounds, T-1105 and T-1106. T-1105 was identified as the lead compound during library 

screening experiments to determine molecules with anti-influenza virus activity. FVP was 

synthesised by the addition of a fluorine molecule to T-1105 and further investigated for its anti-

influenza virus properties.  

The initial synthesis of FVP was described as a seven-stage process, involving reagents that are 

ĤŸƣőШĲǂƓĲŰƚŔƻĲШċŰĬШƓċƖƣŔĦƨũċƖũǃШĦŸƖƖŸƚŔƻĲШыĲЮŊЮШ§ũċőќƚШƖĲċŊĲŰƣШƨƚĲĬШŉŸƖШŉũƨŸƖŔŰċƣŔŸŰьШƽŔƣőШũŸƽШ

product yields of approximately 0.44% (Gaonkar et al., 2021). A variety of other synthesis routes 

have been described in the period since, with the most recent describing a three-step process 

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

regards to reagents used and intermediates 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 (LC-MS/MS) methods, as polar compounds do not lend themselves to the 

widely used C18 modes of separation because they are less retained on silica-based columns. 

Several alternatives to C18 exist for the separation of more polar analytes, including phenyl-based 

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 (C18, C8, 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 quadrupole (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 methodology for drug quantification for pharmacokinetic clinical trials.  

2.2 Literature Review 

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

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

efficacy against SARS-CoV-1 and MERS-CoV. Considering the need for clinical trials to establish 

the use of FVP for COVID-19, several methods were published for the quantification of FVP in 

plasma using LC-MS/MS. A literature review was performed prior to method development and re-

reviewed upon trial completion. Using the search terms џŉċƻŔƓŔƖċƻŔƖЮӂЮx9~ÉѠЮand џÑΪΣΨЮӂЮx9~ÉѠ 

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 English.  

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 parameters for method 

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

Author  Year Extraction Method  Calibration Range  Chromatography  

Bekegnran et al. 

(Bekegnran et al. , 2023) 
2023 Protein precipitation 500 т 100000 ng/mL T3 

Allah et al.  

(Abd Allah et al. , 2022) 
2022 Protein precipitation 50 т 10000 ng/mL HILIC 

Morsy et al. 

(Morsy et al. , 2021) 
2021 Protein precipitation 100 т 20000 ng/mL C18 

Onmaz et al. 

(Eryavuz Onmaz et al. , 2021) 
2021 Protein precipitation 48 т 50000 ng/mL C18 

Rezk et al. 

(Rezk et al. , 2021) 
2021 Protein precipitation 250 т 16000 ng/mL T3 

Saraner et al. 

(Saraner et al. , 2021) 
2021 Protein precipitation 80 т 30000 ng/mL C18 

Table 2.2-1 Summary of reviewed articles for FVP determination in plasma. HILIC ш hydrophobic interaction liquid chromatography, ng/mL ш nanogram per millilitre
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 2.2.1 Extraction Procedure 

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

ƓƖĲĦŔƓŔƣċƣŔŸŰШƣǃƓŔĦċũũǃШŔŰƻŸũƻĲƚШċĬĬŔŰŊШĲǂĦĲƚƚШƚŸũƻĲŰƣШƣŸШċŰШċũŔƕƨŸƣШŸŉШƓũċƚůċШƣŸШћĦƖċƚőќШƣőĲШ

plasma proteins. The sample can then be centrifuged, and the supernatant 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, making accurate quantification of 

analyte(s) challenging (Mei et al., 2003). One method (Morsy et al., 2021) used methanol (MeOH) 

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

et al., 2021; Rezk et al., 2021; Saraner et al., 2021; Abd Allah et al., 2022; Bekegnran et al., 2023). 

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

93.2% protein removal, compared to MeOH with 88.7% protein removal(Yang et al., 2013). 

2.2.2 Separation Method and Mobile Phase 

Many of the reviewed methods selected C18 LC columns for separation, apart from one (Abd Allah 

et al., 2022) that utilised a HILIC column. Two of the methods used a Waters҂ Acquity UHPLC 

HSS T3 C18 column (Rezk et al., 2021; Bekegnran et al., 2023) whilst other methods performed 

separation on similar C18 columns of other manufacturers (Phenomenex, Agilent, Capcell) 

(Eryavuz Onmaz et al., 2021; Morsy et al., 2021; Saraner et al., 2021). Although these columns 

are silica based C18, they possess adapted stationary phases (such as the high strength silica; 

HSS, of the Waters҂ column) that support the retention of more polar compounds compared to 

traditional C18 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 analytes (Simon et 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 (water-based), mobile 

phase B (solvent based) or both (Eryavuz Onmaz et al., 2021; Morsy et al., 2021; Rezk et al., 2021; 

Bekegnran et al., 2023). Acetic and formic acid are commonly used mobile phase additives that 

improve peak shape, separation and the formation of [M+H]+ ions. Four methods also opted for 

MeOH as the solvent for mobile phase B (Eryavuz Onmaz et al., 2021; Morsy et al., 2021; Rezk et 

al., 2021; Bekegnran et al., 2023), with the remaining methods utilising CAN (Saraner et al., 2021; 

Abd Allah et al., 2022). MeOH has a weaker elution strength than ACN 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 than MeOH. 

2.2.3 Calibration Range 

Three of the methods reviewed used calibration curves in the dynamic range 101 - 104 (Eryavuz 

Onmaz et al., 2021; Saraner et al., 2021; Abd Allah et al., 2022), with two other methods using 102 

т 104 (Morsy et al., 2021; Rezk et al., 2021) and the final method in the range 102 -105 (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 

quantitation (ULQ) values ranged from 16,000 т 100,000 ng/mL. The maximum plasma 

concentration (Cmax) from a single 200 mg oral dose of FVP is 8390 ng/mL with the Cmax for the 

recommended influenza dosing schedule (1600 mg BD on day 1 followed by 600 mg BD on Days 

2 т 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 multi-dose regimen.  

2.2.4 Mass Spectrometer Parameters 

Four methods operated the mass spectrometer in negative ionisation mode (Morsy et al., 2021; 

Rezk et al., 2021; Saraner et al., 2021; Abd Allah et al., 2022). One method utilised positive 

ionisation (Bekegnran et al., 2023), whilst another method assessed both positive and negative 

ionisation modes (Eryavuz Onmaz et 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 to Clinical Samples 

Several reviewed methods were utilised as part of bioequivalence studies assessing generic FVP 

formulations versus Avigan®, the licensed formulation(Morsy et al., 2021; Rezk et al., 2021; Abd 

Allah et al., 2022). These studies had small participant  numbers (n=29 on average) and 

investigated a single 200 mg dose of Avigan® or the generic equivalent. The study by Onmaz et al. 

(2021) applied their method to remnant serum samples from patients with COVID-19 who 

received FVP as per the influenza dosing schedule, with multiple doses given over 5 days 

duration. Finally, the method reported by Bekegnran et al. (2023) was used to analyse paediatric 

samples for dose adjustment where FVP had been administered for the treatment of several viral 

infections. Trough FVP concentrations were established from either a 200 mg or 400 mg t.i.d 

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 dose FVP.  



52 
 

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) and MeOH (B) with 0.2% formic acid, separation using a modified C18 column with capacity 

for separation of polar compounds, extraction using protein precipitation with ACN and a 

calibration range in the order of 102 - 104. 

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 that FVP 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 concerning the long-term 

stability of FVP in plasma.  Consequently, the validation of this method endeavoured to 

determine stability of FVP beyond 2 months at -80°C.  

 

2.3 Materials and Methods 

2.3.1 Chemicals 

FVP and the stable isotopically labelled internal standard (SIL-IS), 13C, 15N-FVP were acquired 

from Toronto Research Chemicals (Ontario, Canada) and AlsaChim (Illkirch, France), 

respectively. LC-MS grade, ultra-ƓƨƖŔŉŔĲĬШƽċƣĲƖШыΝΥШůӎ·cm) was obtained using an Avidity Duo 

system (Avidity Science, Buckinghamshire, UK). MeOH and ACN of LC-MS grade purity were 

procured from Fisher Scientific (Loughborough, UK). Drug-free 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 

quadrupole system (AB Sciex, Macclesfield, UK) interfaced with a heated electrospray ionisation 

(hESI) source. A reverseȤphase Synergi Polar-RP 150 x 2.1 mm, 4 µm (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) and processed with MultiQuant (v3.0.3) (AB Sciex).   

2.3.3 Standard and Quality Control Preparation 

FVP stock powder was weighed on a calibrated analytical balance (Sartorius, Göttingen, 

Germany) and diluted with MeOH to achieve a concentration of 5 mg/mL.  Intermediate solutions 

were prepared by further dilution of the stock solution in MeOH-H2O (50:50, v/v) to generate 

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

Plasma standards were prepared by spiking 20 µL of these intermediate stock solutions into 1 

mL blank human plasma to generate three standard levels at concentrations of 1250, 10000 and 

50000ng/mL FVP. The spiked working standards were diluted 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, respectively. A lower limit of quantification (LLQ) QC sample was also 

prepared at 500 ng/mL.  

Internal standard (IS; 13C, 15N-FVP) stock solution was prepared at a concentration of 1 mg/mL 

using MeOH as the diluent. Working IS was prepared by diluting the stock 40-fold in MeOH-H2O 

(50:50, v/v) to a final concentration of 25 µg/mL. 
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2.3.4 Sample Preparation 

100 µL of standards, QCs and blank plasma samples were aliquoted into 5 mL borosilicate test 

tubes followed by 20 µL of IS solution (13C, 15N-FVP, 25 µg/mL).  Proteins were precipitated from 

the plasma by addition of 400 µL of ACN to all tubes. Samples were briefly mixed by vortexing 

before centrifugation for 10 minutes at 2688 x g and transfer of 50 µL of the supernatant to clean 

5 mL tubes. 950 µL of MeOH- H2O (80:20, v/v) was added to all tubes before aliquoting 100 µL 

from each into glass autosampler vials. Samples were loaded into the autosampler and injected 

(5 µL) into the LC-MS/MS.  

2.3.5 LC-MS/MS Procedure 

A Phenomenex Synergi Polar-RP C18 column (4 µm; 150 x 2.1 mm) was used to achieve separation 

using 0.2% formic acid in H2O (mobile phase A) and 0.2% formic acid in MeOH (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 for detection of 

FVP. The m/z transitions used were ΝΡΥЮΜӛΝΠΝЮΜШŉŸƖШ[éÂШċŰĬШ160.1ӛΝΠΞЮΜШċŰĬШΝΣΜЮΝӛΝΝΟЮΜШŉŸƖШ

13C, 15N-FVP. Mass spectrometer conditions were optimised as summarised in Table 2.3.5-1.  
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Optimised Mass Spectrometer Parameters for FVP  

Table 2.3.5-1 Final mass spectrometer parameters for quantitation of FVP in plasma in positive ionisation 
mode. FVP ш favipiravir  

 2.4 Validation Methodology 

The method was validated in accordance with US Food and Drug Administration (FDA) and 

European Medicines Agency (EMA) guidelines (EMA, 2011; FDA, 2018b) as 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 and IS. Background interference at the retention time of FVP was regarded as acceptable 

if < 20% of the mean FVP response in the LLQ sample. For the IS, any background noise was 

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

 

Parameter  
FVP 

13C,15N-FVP 

Quantifier  

13C,15N-FVP Qualifier 

Mass transition (Da)  ΝΡΥЮΜӛΝΠΝЮΜ ΝΣΜЮΝӛΝΠΞЮΜ ΝΣΜЮΝӛΝΝΟЮΜ 

Collision Energy (V) 25 30 35 

Spray Voltage (ISV) 5500 5500 5500 

Vaporizer Temperature 

(TEM°C) 
450 450 450 

Ion Source Gas 1 (GS1) 50 50 50 

Ion Source Gas 2 (GS2) 40 40 40 

Collision Gas (CAD) 8 8 8 

Curtain Gas (CUR) 25 25 25 
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2.4.2 Recovery and Matrix Effects 

Six sets of aqueous LQC, MQC and HQC samples (A) were prepared in the final reconstitution 

solution of MeOH- H2O (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). Matrix effect 

was established by comparing the absolute peak areas of FVP spiked into final reconstitution 

solution to that of FVP spiked into blank plasma extract. Both overall recovery and matrix effect 

were quantitated using methods described by Matuszewski (Matuszewski et al., 2003).  

2.4.3 Accuracy and Precision 

Inter and intra-day 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 Cmax values achieved with the standard FVP oral dosing regimen 

(600 т 800  mg BD) and potential dosages postulated using physiologically based 

pharmacokinetic (PBPK) modelling (Pertinez et al., 2021; Bosaeed et al., 2022; Chuah et al., 

2022; Holubar et al., 2022; McMahon et 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 lowest standard and expressed as a 

ƓĲƖĦĲŰƣċŊĲЮШÑőĲШũŔůŔƣƚШŸŉШӅШΞΜӖШŸŉШƣőĲШxxÄШƖĲƚƓŸŰƚĲШċŰĬШӃШΡӖШŸŉШƣőĲШfÉШƖĲƚƓŸŰƚĲШƽĲƖĲШƨƚĲĬШŉŸƖШ

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 40minutes, 

simulating viral inactivation procedures. Freeze-thaw stability was tested by removing frozen 

samples and thawing at room temperature and re-freezing at -80°C for three freeze-thaw 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 was established 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 re-injected after being left in the autosampler at 

15°C for 24 h, to assess reinjection reproducibility. An extracted set of QC samples was 

refrigerated for 24 h before being injected alongside standards prepared at the time of analysis, 

to examine the stability of FVP in processed samples. Finally, the long-term 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 (1.6-fold 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 calculated concentration compared 

to the nominal concentration.  

2.4.7 Partial Validation of Higher Calibration Curve 

In anticipation of the maximum dose escalation within AGILE candidate specific trial-6 (CST-6) 

(2400 mg dose), and estimated increases in Cmax, an assay with a higher calibration curve was 

partially validated over the range 1000 т 100000 ng/mL.  
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Standards were prepared by diluting the stock FVP 5 mg/mL solution in MeOH- H2O (50:50, v/v) 

to produce two intermediate stock solutions of 2 mg/mL and 500 µg/mL. The FVP 5 mg/mL and 

intermediate solutions were spiked, 20 µL 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, 80000 and 100000 ng/mL). 

QC samples were prepared by diluting the stock FVP 5 mg/mL solution in MeOH- H2O (50:50, v/v) 

to generate intermediate solutions of 3.75 mg/mL, 1.125 mg/mL and 112.5 µg/mL. These 

intermediate solutions were spiked into plasma (20 µL 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 LC-MS/MS Conditions 

FVP and 13C, 15N-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 2.5.1-1.  
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Figure 2.5.1-1 Representative chromatograms of FVP from an extracted (plasma) blank sample (a), the 
lower limit of quantitation (b), a high quality control sample (c), a clinical sample (16689 ng/mL) (d) and 
internal standard (e).  
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2.5.2 Selectivity 

No peaks were detected at the retention time of FVP or IS, and 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 2.5.2-1. 

 
Figure 2.5.2-1 Example chromatogram from plasma batch G74 demonstrating no discernible peak in at the 
retention time of FVP (1.61 mins) and FVP IS (1.60 mins) 

2.5.3 Recovery and Matrix 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: 

ὃὲὥὰώίὭί ὙὩὧέὺὩὶώ
ὅς

ὄς
ὼ ρππ 

ὉὼὸὶὥὧὸὭέὲ ὙὩὧέὺὩὶώ 
ὅ

ὄ
 ὼ ρππ 

ὓὥὸὶὭὼ ὉὪὪὩὧὸ 
ὄ

ὃ
 ὼ ρππ 

ὖὶέὧὩίί ὉὪὪὭὧὭὩὲὧώ 
ὅ

ὃ
 ὼ ρππ 

Equation 2.5.3-1 Calculations for matrix effect, extraction recovery and process efficiency according to 
Matuszewski et al (2013). 

The results are summarised in Table 2.5.3-1.
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Matrix Effect and Recovery Validation Experiment  

 

Table 2.5.3-1 Recovery and Matrix effect for FVP in plasma. ME ш matrix effect, Ext RE ш extraction recovery, PE ш process efficiency, RE ш recovery, QC ш quality control 

Nominal QC 

Concentration  

(ng/mL) 

Mean peak area 
Mean peak area 

ratio  ME (%) Ext RE (%) PE (%) Analysis RE (%) 

A B C B2 C2 

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 91.1 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 
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2.5.4 Accuracy and Precision 

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 2.5.4-1).  A regression 

equation with quadratic weighting (1/x2) was applied to produce the best fit for the concentration-

detector response. The average correlation coefficient (r2) was 0.99936 (n=4).
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Precision and Accuracy Experiment  Summary 

 

Table 2.5.4-1 Summary of precision and accuracy experiments for FVP in plasma. SD ш standard deviation, CV ш coefficient of variation

 
LLQ (500ng/mL) LQC (1401ng/mL) MQC (11205ng/mL) HQC (41500ng/mL) 

Mean SD 
CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 

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 
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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 assay sequence.  

2.5.6 Stability 

The results of stability experiments are summarised in Table 2.5.6-1. FVP spiked into plasma was 

shown to be stable when kept at ambient temperature on the benchtop for 22 h and was also 

stable after four cycles of incubation at 58°C for 40 minutes with re-freezing at - 80°C between 

each cycle. Plasma samples prepared and stored at -80°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 samples, 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 

Stability measured  
Sample 

type 

Replicates  
Sample 

Precision 

(%CV) 

Accuracy 

(%) 

Bench-top 

(22 h;ambient)  
Plasma 

6 LQC 4.58 5.71 

6 HQC 1.37 2.15 

Heat inactivation  

(single cycle, 58°C) 
Plasma 

6 LQC 3.07 12.4 

6 HQC 2.08 1.35 

Heat inactivation  

(four cycles, 58°C) 
Plasma 

6 LQC 3.70 4.54 

6 HQC 7.16 6.40 

Freeze-thaw 

(3 cycles;-80°C) 
Plasma 

6 LQC 1.22 0.17 

6 HQC 1.18 4.70 

Autosampler  

(72h; 15°C) 

Extracted 

sample 

6 LQC 3.13 11.20 

6 HQC 2.70 -6.94 

Reinjection  

reproducibility  

(24h; 15°C) 

Extracted 

sampled 

6 LQC 0.37 7.86 

6 
HQC 1.80 1.51 

Processed stability  

(24h; 2-8°C) 

Extracted 

sample 

6 LQC 1.64 5.60 

6 HQC 1.51 -0.39 

Table 2.5.6-1 Summary of stability experiments for FVP in liquid plasma. CV ш coefficient of variation, h ш 
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 4-fold dilutions, with a coefficient of variation of < 5%. 

Results of the dilution integrity experiment are shown in Table 2.5.7-1.  

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

Dil -INT QC 

replicate  

 2-fold dilution  4-fold dilution  

Nominal FVP 

Concentration 

(ng/mL) 

Calculated 

FVP 

concentration 

(ng/mL) 

%bias 

Calculated FVP 

concentration 

(ng/mL) 

% bias 

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 

8.60 

89319 

11.65 SD 1241 3212 

%CV 1.4 3.6 

Table 2.5.7-1 Summary of dilution integrity experiment data for FVP in plasma. Dil INT QC ш dilution integrity 
quality control, SD ш standard deviation, CV ш coefficient of variation  
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2.5.8 Higher Calibration Curve т Precision and Accuracy 

Three precision and accuracy experiments were performed to partially re-validate the assay to 

cover a higher concentration range, in anticipation of the maximum dose escalation for the AGILE 

CST-6 clinical trial. The higher range was found to be both precise and accurate with intra- and 

inter-day %CV for all concentrations tested < 9% and % bias < ±8% (Table 2.5.8-1). 
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Precision and Accuracy of the Higher Calibration Curve (FVP plasma)  

  LLQ (1000ng/mL) LQC (2250ng/mL) MQC (22500ng/mL) HQC (75000ng/mL) 

Mean SD CV (%) 
Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 

Inter -day 1017.69 90.45 8.89 1.77 2336.11 133.82 5.73 3.83 21437.04 1263.66 5.89 -4.72 72201.26 3839.49 5.32 -3.73 

Intra -day 964.46 61.50 6.38 -3.55 2425.67 95.49 3.94 7.81 21219.73 1243.07 5.86 -5.69 74046.78 2802.39 3.78 -1.27 

Table 2.5.8-1 Precision and accuracy of higher calibration curve for the determination of FVP in plasma. Acceptability criteria for CV and Bias - ±20 % for LLQ, ± 15% 
for L, M and HQC. SD ш standard deviation, CV ш coefficient of variation
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2.6 Clinical Application  

The described method was used to analyse 160 plasma samples from participants on the AGILE 

CST-6 trial. A chromatogram from an extracted plasma from a participant  receiving IV FVP (600 

mg BD; Day 3) is shown in Figure 2.5.1-1.  Detailed PK analysis is presented in Chapter 4.  

 

2.7 Discussion 

A robust, accurate and selective LC-MS/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 (Wang et al., 2007; Eryavuz Onmaz et al., 

2021; Morsy et al., 2021). This method requires a lower sample volume (100 µL) 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 freeze-thaw cycles. Autosampler stability data of 27 h 

(Morsy et 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 influenza, EVD and COVID-19.  
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Moreover, these experiments have characterised the stability of FVP in plasma when subjected 

to heat inactivation procedures. In the United Kingdom, SARS-CoV-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 SARS-CoV-2 has been 

reported by heat treatment at 56°C for 40 minutes (Wang et 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 re-freezing between 

each heat treatment. Although one round of heat treatment is sufficient for inactivation of SARS-

CoV-2, multiple rounds may be useful if investigating FVP for treatment of other infectious 

diseases, for example EVD. 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 (Chapter 4).   
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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 

SARS-CoV-2 is primarily transmitted through close contact of individuals with SARS-CoV-2 

infection. Respiratory modes of transmission occur when virions trapped in aerosols or large 

droplets are expelled through conversation, coughing or sneezing (Xia et al., 2020; Leysen et al., 

2022).  Aerosols are smaller particles (< 5 µm) that can persist, suspended in the air. Droplets are 

larger and fall to the ground within approximately 2 meters (Meyerowitz et 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 transport)(Meyerowitz and Richterman, 2022).  

There is also limited evidence that viable SARS-CoV-2 virions and RNA can be found in tears from 

patients infected with SARS-CoV-2 (Colavita et al., 2020; Xia et al., 2020; Arora et al., 2021). This 

is a phenomenon that appears to be specific to patients with conjunctivitis arising from SARS-

CoV-2 infection. Direct transmission of SARS-CoV-2 via tears has not been reported, but the 

possibility of nosocomial transmission during routine ophthalmology practice is of concern 

(Sonmez et al., 2022). As yet, tears have not been ruled out as a potential source of SARS-CoV-2 

transmission although the risk is likely to be low(Seah et al., 2020).  

It would be of benefit to establish the concentration of potential anti-SARS-CoV-2 therapeutics 

in these matrices as a means of assessing drug compartmentalisation and the prophylactic 

potential to limit onward transmission of SARS-CoV-2. 

3.1.1 Saliva 

Saliva does not contain the blood proteins that usually bind to drug molecules, and therefore 

quantification of drug concentration in saliva typically represents the unbound fraction, which is 

considered as the pharmacologically active portion, compared to plasma quantification that 

measures total drug (bound and unbound fractions)(Aps and Martens, 2005). 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 saliva (Langel et 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, cannabis) and therapeutics (antipsychotics, 

anticholinergics) are known to affect saliva production (Drummer, 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 centrifuged 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 adjustment in 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 Nasal Secretions 

Nasal secretions contain a heterogeneous mixture of cells, mucus and plasma exudate. There is 

high interindividual variation in the physical properties (composition, cell content) and volume of 

nasal secretions produced (Serralheiro et 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 COVID-19 (Martinson et al., 2023).  
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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 sample volume than other 

sampling methods, but this is contradicted by the unknown dilution of nasal secretions and 

therefore of the analyte. Collection of spontaneous secretions is perhaps the simplest 

technique; however, sample volumes are often small and variable. 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 present (Serralheiro et al., 

2012). Several absorption devices, such as cellulose based swabs, polyvinyl alcohol swabs and 

filter paper, have been tested previously (Thwaites et 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 irritating the mucosa and 

potential contamination of the sample. The contact time for SAM strips versus traditional swab 

materials is far less т approximately 30 seconds, reducing the impact on patients. Finally, the 

overall design is such that mucosal lining fluid can be quickly and comfortably obtained with low 

protein binding to maximise sample recovery.  

3.1.3 Ocular Fluid (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, immune proteins) 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 (non-stimulated vs. reflex), protein assay methods and sample 

collection technique (Schirmer strip, glass capillary, eye flush). Proteomic study of tears found 

that serum albumin 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 tears (van 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 cross 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 acidic drug that is 

slightly lipophilic (logD = 0.15) at low pH but tends to hydrophilicity at bodily pH (7.4) at 37°C 

(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 the strip. 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 mutations and drug resistance. 

In order to establish whether FVP penetrates into potential sites of SARS-CoV-2 transmission, 

LC-MS/MS methods were developed and validated to enable quantification of FVP in saliva, tear 

test strips (TTS) and nasal mucosal lining fluid collected using Nasosorption FXi SAM swab. 

3.2 Materials and Methods 

3.2.1 Equipment and Reagents 

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 2.3.2. Schirmer TTS were 

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 Method Development 

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 final reconstitution solvent (80:20 v/v 

MeOH- H2O). 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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quantitation of low concentrations.  Furthermore, the protein content of saliva is relatively low 

and therefore less sample clean-up is typically required.  

The IS concentration was reduced 10-fold, from 25 ͓ ŊоůxШŉŸƖШƣőĲШƓũċƚůċШċƚƚċǃШƣŸШΞЮΡШ͓ŊоůxШŉŸƖШ

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 LC-MS/MS methods (Perogamvros et al., 2009; Israelsson et 

al., 2018; Amara et 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 LC-MS/MS conditions remained the same. For the initial 

extraction, 15 ͓ xШŸŉШĲċĦőШƓũċƚůċШstandard and QC sample 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 from participants in the clinic for previous 

trials, to match the standards and QC samples as closely to the participant  samples as possible.  

EċƖũǃШůĲƣőŸĬШĬĲƻĲũŸƓůĲŰƣШƽċƚШĦŸŰĬƨĦƣĲĬШƽŔƣőШċĬĬŔƣŔŸŰШŸŉШ 9 ШŉŸũũŸƽĲĬШĤǃШƖĲůŸƻċũШŸŉШΣΜШ͓xШŸŉШ

the supernatant which was then diluted with MeOH- H2O (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 tested. Standard levels 

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

¶ ĬĬŔƣŔŸŰШŸŉШΠΜΜШ͓xШ 9 ЯШƖĲůŸƻċũШŸŉШΟΜШ͓xШŸŉШƚƨƓĲƖŰċƣċŰƣЯШċĬĬŔƣŔŸŰШŸŉШΤΜШ͓xШMeOH- H2O 

(70:30, v/v) 
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¶ ĬĬŔƣŔŸŰШŸŉШΥΜΜШ͓xШ 9 ЯШƖĲůŸƻċũШŸŉШΣΜШ͓xШŸŉШƚƨƓĲƖŰċƣċŰƣЯШċĬĬŔƣŔŸŰШŸŉШΠΜШ͓xШMeOH- H2O 

(70:30, v/v) 

¶ ĬĬŔƣŔŸŰШŸŉШΥΜΜШ͓xШ 9 ЯШƖĲůŸƻċũШŸŉШΣΜШ͓xШŸŉШƚƨƓĲƖŰċƣċŰƣЯШċĬĬŔƣŔŸŰШŸŉШΝΠΜШ͓xШMeOH- H2O 

(70:30, v/v) 

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 analyte response. 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 

ƣőĲШŉƨũũШƚċůƓũĲШыΥΜΜШ͓xьШƨŰĬĲƖШŰŔƣƖŸŊĲŰШŉŸũũŸƽĲĬШĤǃШƖĲĦŸŰƚƣŔƣƨƣŔŸŰШŔŰШMeOH- H2O (70:30, v/v) 

improved the chromatography for the Schirmer test strips.  

 This final extraction procedure also resulted in appropriate analyte response at the lower limit of 

quantification and linearity of the calibration curve. Following this, it was considered to use PBS 

as a surrogate matrix more closely matched to tears and nasal secretions (i.e. lacking plasma 

proteins) and in the absence of available drug-free matrix.  

3.3.3 Preparation of Standards and Quality Control Samples 

3.3.3.1 Saliva 

The stock FVP solution (5 mg/mL in MeOH) was diluted in MeOH- H2O (50:50, v/v) to generate 11 

intermediate AQ-LX solutions as follows: 250 (AQ-L11), 200 (AQ-L10), 100 (AQ-L9),  (AQ-L8), 12 

(AQ-L7), 4.8 (AQ-L6), 2.4 (AQ-L5), 1.2 (AQ-L4), 0.3 (AQ-L3), 0.15 (AQ-L2) and 0.075 (AQ-L1) ͓ g/mL. 

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

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 with MeOH- 

H2O (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 in MeOH- H2O (50:50, v/v) to produce 10 intermediate 

solutions at 250 (AQ-L10), 200 (AQ-L9), 150 (AQ-L8), 100 (AQ-L7), 50 (AQ-L6), 25 (AQ-L5), 12.5 

(AQ-L4), 6.250 (AQ-L3), 3.125 (AQ-L2), 1.562 (AQ-L1) ͓ g/mL. QC sample intermediate solutions 

were prepared at 187.5 (AQ-HQC), 18.75 (AQ-MQC), 3.750 (AQ-LQC) ͓ 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 15 ͓L sample volume and produce a 

calibration curve that utilised ng/sample (i.e. ng/15 L͓), the nanogram per millilitre 

concentrations were multiplied by 0.015. This resulted in standards 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, 5.6 and 1.1 ng/sample. A lower limit of 

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

Working and intermediate IS solutions were prepared as for the saliva assay (section 3.3.3.1).  
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3.3.4 Sample Preparation 

3.3.4.1 Saliva 

100 ͓xШŸŉШƚƣċŰĬċƖĬƚШċŰĬШÄ9ƚШƽĲƖĲШƓŔƓĲƣƣĲĬШŔŰƣŸШΡШůxШĤŸƖŸƚŔũŔĦċƣĲШŊũċƚƚШƣƨĤĲƚШŉŸũũŸƽĲĬШĤǃШ

ċĬĬŔƣŔŸŰШŸŉШΞΜШ͓xШŸŉШIS (13C, 15N-[éÂбШΞЮΡШ͓ŊоůxьЮШÑŸШċũũШƚċůƓũĲƚЯШΡΜΜШ͓xШŸŉШMeOH- H2O (80:20, v/v) 

was added and samples were vortex mixed. Tubes were centrifuged at 2688 x g for 10 minutes 

ċŰĬШΝΥΜШ͓xШŸŉШƣőĲШƚƨƓĲƖŰċƣċŰƣШƖĲůŸƻĲĬШŔŰƣŸШċƨƣŸƚċůƓũĲƖШƻŔċũƚЮШ 

3.3.4.2 Swabs 

15 ͓ xШŸŉШĲċĦőШƚƣċŰĬċƖĬШċŰĬШÄ9ШƽċƚШƚƓŸƣƣĲĬШŸŰƣŸШŔŰĬŔƻŔĬƨċũШƚƽċĤƚШыÑÑÉШŸƖШÉ ~ШƚƣƖŔƓьШċŰĬШċũũŸƽĲĬШ

to dry on the benchtop at ambient temperature for 1 h. Swabs were placed into 5 mL borosilicate 

ŊũċƚƚШƣƨĤĲƚШċŰĬШΥΜΜШ͓xШŸŉШACN was added. IS ыΞΜШ͓xЯШΞЮΡШ͓ŊоůxьШƽċƚШċĬĬĲĬШƣŸШċũũШƣƨĤĲƚЯШƽőŔĦőШ

were then vortex mixed and centrifuged at 2688 x 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 (approximately ΝШőьШĤĲŉŸƖĲШĤĲŔŰŊШƖĲĦŸŰƚƣŔƣƨƣĲĬШŔŰШΞΜΜШ͓xШŸŉШ

MeOH- H2O ыΤΜаΟΜЯШƻоƻьЮШΝΥΜШ͓xШŸŉШĲċĦőШƚċůƓũĲШƽċƚШċũŔƕƨŸƣĲĬШŔŰƣŸШċƨƣŸƚċůƓũĲƖШƻŔċũƚЮ 

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 in section 2.4. 

Chromatograms from an LLQ, ULQ, double blank, blank with IS and a clinical sample are shown 

in Figure 3.4-1, 3.4-2 and 3.4-3.  
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Figure 3.4-1 Representative chromatograms of FVP (saliva) in a) double blank, b) blank with IS, c) LLQ, d) 
ULQ, e) clinical sample (114.07 ng/mL) and f) IS (13C,15N-FVP)  
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Figure 3.4-2 Representative chromatograms of FVP (TTS) in a) double blank, b) blank with IS, c) LLQ, d) ULQ, 
e) clinical sample (12.87 ng/sample) and f) IS (13C,15N-FVP)
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Figure 3.4-3 Representative chromatograms of FVP (SAM) in a) double blank, b) blank with IS, c) LLQ, d) 
ULQ, e) clinical sample (12.87 ng/sample) and f) IS (13C,15N-FVP)
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3.4.1 Precision and Accuracy 

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 inter- and intra-day %CV < 

10% and %bias within ± 9% for all QC levels tested.  

The tear strip assay was found to be both accurate and precise with inter-day %CV < 13% and 

%bias within ± 5.5% for all QC levels tested. Intra-day %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 3.4.1-1, 

3.4.1-2 and 3.4.1-3. 
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Precision and Accuracy Data for Determination of FVP in Saliva, Tears and Nasal Secretions  

Table 3.4.1-1 Summary of precision and accuracy experiments for FVP quantitation in saliva. Acceptability for CV and bias - ±20% for LLQ, ±15% for LQC, MQC and 
HQC. SD ш standard deviation, CV ш coefficient of variation.  

 

Table 3.4.1-2 Precision and accuracy data for the measurement of FVP in ocular fluid collected on TTS. Acceptability for CV and bias - ±20% for LLQ, ±15% for LQC, 
MQC and HQC.  SD ш standard deviation, CV ш coefficient of variation 

 

Table 3.4.1-3 Precision and accuracy results for determination of FVP in nasal secretions collected using SAM strips. Acceptability for CV and bias - ±20% for LLQ, 
±15% for LQC, MQC and HQC. SD ш standard deviation, CV ш coefficient of variation 

  LLQ (1.5ng/mL) LQC (3.8ng/mL) MQC (150ng/mL) HQC (3750ng/mL) 
Mean SD CV 

(%) 
Bias 
(%) Mean SD CV 

(%) 
Bias 
(%) Mean SD CV 

(%) 
Bias 
(%) Mean SD CV 

(%) Bias (%) 

Inter -day 1.58 0.14 9.06 6.55 3.82 0.26 6.8 1.86 161.28 4.36 2.70 8.21 3853.29 91.70 2.38 2.81 
Intra -day 1.53 0.13 8.58 1.73 3.68 0.25 6.71 -3.07 158.53 3.41 2.15 5.69 3847.54 85.71 2.23 2.60 

 
LLQ (0.47ng/sample)  LQC (1.1ng/sample)  MQC (5.6ng/sample)  HQC (56.25ng/sample)  

Mean SD CV (%) Bias (%) Mean SD 
CV 
(%) 

Bias 
(%) Mean SD 

CV 
(%) 

Bias 
(%) Mean SD CV (%) 

Bias 
(%) 

Inter -day 0.45 0.06 12.55 -5.32 1.06 0.10 8.99 -4.00 5.43 0.32 5.80 -4.54 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 -5.45 54.96 1.80 3.28 -2.30 

 
LLQ (0.47ng/sample)  LQC (1.1ng/sample)  MQC (5.6ng/sample)  HQC (56.25ng/sample)  

Mean SD CV (%) Bias 
(%) Mean SD CV (%) Bias 

(%) Mean SD CV (%) Bias 
(%) Mean SD CV (%) Bias 

(%) 
Inter -day 0.53 0.04 8.06 13.70 1.17 0.09 7.87 6.41 5.86 0.34 5.72 4.59 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 
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3.4.2 Matrix and Recovery 

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 from TTS was 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 IS response. Results are summarised in tables 3.4.2-2 and 3.4.2-

3. 

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

Table 3.4.2-1 Recovery and matrix effect for quantitation of FVP in saliva. ME ш matrix effect, RE ш recovery, PE ш 
process efficiency  

Nominal QC 
Concentration  

(ng/mL) 

Mean peak area 
Mean peak area 

ratio  
ME (%)  

Ext RE 
(%)  

PE (%)  
Analysis 
RE (%)  

A B C B2 C2 B/A C/B C/A C2/B2 
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 3.4.2-2 Matrix effect and recovery data for quantitation of FVP in ocular fluid (TTS). ME ш matrix effect, RE ш 
recovery, PE ш process efficiency  

Table 3.4.2-3 Summary of recovery and matrix effect for quantitation of FVP in nasal secretions (SAM). ME ш matrix 
effect, RE ш recovery, PE ш process efficiency  

Nominal QC 
Concentration  
(ng/mL) 

Mean peak area Mean peak area 
ratio  

ME (%)  Ext RE 
(%)  

PE 
(%)  

Analysis 
RE (%)  

A B C B2 C2 B/A C/B C/A C2/B2 
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 

Nominal QC 
Concentration  
(ng/mL) 

Mean peak area ratio ME (%)  Ext RE 
(%)  

PE (%)  

A B C B/A C/B C/A 
1.1 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 



88 
 

 

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 h 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]  
ng/mL 

Precision  
 (CV%) 

Accuracy  
(%) 

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 3.4.3-1 Summary of stability experiments performed for FVP in PBS. N = 6 per concentration level per stability 
condition. CV ш coefficient 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) and TTS (n=32) from 

participants enrolled on the AGILE CST-6 clinical trial (Chapter 6). Chromatograms taken from 

participant samples are shown in Figure 3.4-1, 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 SAM swabs/TTS. Methods were found to be both precise and accurate (Tables 3.4.1-1, -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 laboratory has noted with other 

assays measuring anti-SARS-CoV-2 therapeutics in TTS (Amara, A, pers comms, 2024).  

The LC-MS/MS methods described allow for quantification of FVP from biological matrices that are 

relevant sites of SARS-CoV-2 transmission. The penetration of FVP into these compartments can be 

assessed to determine the potential for FVP use as a preventative 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 monitoring of plasma concentrations may 

provide early signals of patients who are failing to meet the target Ctrough so 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 investigation. The methods used for sampling of these matrices are 

simple, cost-effective and non-invasive, offering opportunities for collection in the absence of highly 

trained staff or expensive laboratory equipment as may be the case in resource limited settings.   
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4.1 Introduction  

FVP has been investigated as a therapeutic candidate for a number of viral infections, most recently 

SARS-CoV-2 due to its proven in vitro activity against several viral families, including coronaviruses. FVP 

undergoes intracellular metabolism to form the purine analogue, F-RTP, which competes with natural 

purine nucleotides for incorporation into viral RNA (Figure 4.1-1).  

Biotransformation Pathway of FVP into Inactive and Active Metabolites  

 
Figure 4.1-1 FVP biotransformation pathway (Du and Chen, 2020a) including inactive metabolite (M1) and active 
form (F-RTP). AO ш aldehyde oxidase, RMP ш ribofuranosyl monophosphate, RTP ш ribofuranosyl triphosphate 

FVP acts as an inhibitor of its own metabolism by inhibition of AO activity in a concentration-dependent 

manner. Animal studies conducted in hamsters noted that this effect resulted in higher doses of FVP 

leading to greater increases in concentrations of FVP (Driouich et al., 2021). The half-life of FVP when 

administered orally is 2.5 т 5 h with a Tmax of approximately 2 h (Agrawal et al., 2020). Animal studies 

conducted in dogs and monkeys have indicated that elimination half-life increases with ascending and 

repeated doses of FVP (PMDA, 2014; Agrawal et 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 FVP Cmax is 51500 ng/mL (Joshi et al., 2021).  

At lower doses when taken with food Cmax decreases, but on receipt of higher doses or multiple doses, 
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inhibition of AO (and therefore increased FVP concentrations) counteracts the food-induced reduction 

in Cmax  (PMDA, 2014). FVP has reported protein binding of ~50% therefore clinical trials for COVID-19 have 

targeted total plasma concentrations of > 20000 ng/mL to achieve free drug concentrations more than 

the EC50 of 9700 ng/mL (61.88 ͓ ~ь(Wang et al., 2020b). 

Despite promising in vitro evidence for the utility of FVP against several RNA viruses, such as Ebola virus, 

CCHF virus, Lassa fever virus (Oestereich et al., 2016; Bixler et al., 2018; Hawman et al., 2020) alongside 

SARS-CoV-2 and influenza, clinical trials in humans have not always demonstrated a clear anti-viral 

effect or clinical benefit (Table 4.1-1). The JIKI trial (Sissoko et al., 2016) investigated high dose FVP (6000 

mg on day 1 followed by 2400 mg on days 2 т 10) for the treatment of EVD during the Ebola epidemic in 

Guinea in 2014 т 2015. The trial found that, in participants 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 than the targeted value of 51000 ng/mL. This target was derived from in vivo (mice) and in vitro data 

on FVP efficacy against Ebola virus to estimate the target plasma concentration in humans which was 

then modelled to establish the dosing regimen (Mentré et al., 2015; Sissoko et 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 the participants 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. In hospitalised 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 mg) (Wang et al., 2020d; Hayden et 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 FVP Ctrough on both day 2 (2300 т 106900 ng/mL) and 

day 4 (0 т 173200 ng/mL). Furthermore, this variability has been noted in influenza trials, where reported 

Cmax and Cmin were 3500 т 180000 ng/mL and 0 т 117000 ng/mL, respectively (Hayden et al., 2023b). 

Differences in PK have been attributed to weight, critical illness and ethnicity (PMDA, 2014; Nguyen et 

al., 2017; Hayden et 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 SARS-CoV-2. Moreover, there have been a number 

of additional reasons postulated for the apparent lack of virological response in patients receiving FVP 

for COVID-19, despite in vitro evidence indicating that FVP inhibits SARS-CoV-2 replication (Kaptein et 

al., 2020; Shannon et al., 2020; Driouich et al., 2021). The relative higher EC50 for FVP against SARS-CoV-

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

therapeutic plasma FVP concentrations (Furuta et al., 2002) in patients with COVID-19 disease.  

To this end, there have been conflicting reports as to the utility of FVP in the treatment of COVID-19. Initial 

reports from China suggested that hospitalised patients with mild-to-moderate COVID-19 may exhibit 

improvements in CT chest imaging and faster viral clearance when treated with FVP (1600 mg BD loading 

dose followed by 600 mg BD for 14 days) compared to patients who did not receive FVP (Cai et 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 10 т 14 days ) indicated that treatment with FVP in hospitalised 

COVID-19 patients resulted in faster time to negative PCR compared to patients receiving the standard 

of care (SoC) and reduction in oxygen requirements (Doi et al., 2020a; Ivashchenko et 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 for 5 (Irie et al., 2020) or 10 days (Chen et al., 
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2021) reported some possible use of FVP in treating hospitalised patients with COVID-19. 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 unclear (Irie et al., 2020). Chen et al. (2021) noted that FVP did not 

significantly improve clinical recovery by day 7 but did lead to faster resolution of pyrexia and cough 

(Chen et al., 2021). 

Several larger randomised trials indicated that FVP may not be as effective as first postulated. In an open-

label study in India, 150 participants 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 mild-to-moderate 

COVID-19 but the utility of FVP beyond this was uncertain (Udwadia et al., 2021). In Iran, a randomised, 

open-label trial investigating FVP (1600 mg on day 1, 600 mg t.i.d thereafter) administered to patients 

hospitalised with severe COVID-19 found that FVP did not lower the risk of admission to ICU, intubation, 

mortality or length of hospital stay compared to participants who received ritonavir-boosted lopinavir 

(Solaymani-Dodaran et al., 2021). A trial of 500 participants (250 FVP; 1800 mg BD loading, 800 mg BD 

up to 5 days) hospitalised and at high risk of progression to severe COVID-19, conducted in Malaysia also 

found that treatment with FVP did not prevent disease progression. Participants 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 SoC (Chuah 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  on day 1 followed by 

800 mg BD for either 7 (Bosaeed et al., 2022), 10 (Holubar et al., 2022) or 14 (McMahon et 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 in participants receiving FVP compared to those who received 

placebo irrespective of disease severity (Bosaeed et al., 2022; Holubar et al., 2022; McMahon et al., 

2022). There are several reasons postulated for the apparent lack of clinical benefit, such as the high 
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EC50 target for SARS-CoV-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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Author  Indication  Dose 
Partic ipant  

Population (n)  
Cmax/FVP 

concentration (ng/mL)  

 
Ctrough  

 
AUC Tmax T1/2 

Bekegnran et al. 
(Bekegnran et al. , 

2023) 

Norovirus 
chronic enteritis 

400 mg t.i.d Paediatric, 
immunocompromised 

(1) 

148000* - - - - 

Astrovirus CNS 
infection 

400 mg t.i.d Paediatric, 
immunocompromised 

(1) 

154000* - - - - 

RSV upper 
respiratory tract 

infection 

200 mg t.i.d Paediatric, 
immunocompromised 

(1) 

10100* - - - - 

Enterovirus 
encephalitis 

200 mg t.i.d Paediatric, 
immunocompromised 

(1) 

81100* - - - - 

Sapovirus 
chronic enteritis 

400 mg t.i.d Paediatric, 
immunocompromised 

(1) 

50000* - - - - 

Abd Allah et al 
(Abd Allah et al. , 

2022) 

- 200 mg single 
dose 

Healthy adults (32) 2369 -10970 - 5386 - 
20114 

0.33 т 
2.00 

0.85 т 
2.14 

Morsy et al 
(Morsy et al. , 

2021) 

- 200 mg single 
dose 

Healthy adults (26) 2944 - 10569 - 5373 - 
61474 

0.16 т 
2.33 

0.89 т 
4.68 

Resk et al (Rezk 
et al. , 2021) 

- 200 mg single 
dose 

Healthy adults (30) 3036 - 11584 - 7787 - 
29892 

0.25 т 
3.00 

0.85 0 
2.34 
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Author  Indication  Dose 
Participant  

Population (n)  
Cmax/FVP 

concentration (ng/mL)  

 
Ctrough  

 
AUC Tmax T1/2 

Saraner et al 
(Saraner et al. , 

2021) 

- 200 mg single 
dose 

Healthy adults (29) 3771 - 7436 - 7096 - 
12033 

0.17 т 
2.50 

1.01 т 
1.57 

Siripongboonsitti 
et al 

(Siripongboonsitt
i et al. , 2023) 

- 200 mg single 
dose 

Healthy adults (24) 6300 - 10300 - 8800 - 
35000 

0.20 т 
1.50 

0.70 т 
2.70 

PMDA (PMDA, 
2014) 

- 200 mg single 
dose 

Healthy adults 8390  19670 0.5 1.5 

Wang et al (Wang 
et al. , 2020d) 

Influenza 

1600 BD 
loading, 600 mg 

BD 
maintenance 

Patients critically ill 
severe disease (16) 

- 30000 
 (Day 2); 2900 

 (Day 10) 

- - - 

1800 BD 
loading, 800 mg 

BD 
maintenance 

Patients critically ill 
with severe disease 

(19) 

- 36300  
(Day 2);  

3800  
(Day 10) 

- - - 

Suemori et al 
(Suemori et al. , 

2021) 

Severe fever with 
thrombocytopenia 
syndrome (SFTS) 

1800 mg BD 
loading, 800 mg 

BD 
maintenance 

Hospitalised patients 
with SFTS (23) 

10000 т 150000*  - - - 

Nguyen et al 
(Nguyen et al. , 

2017) 

EVD 6000 mg 
loading, 1200 

mg BD 
maintenance 

Patients with EVD - 2300 т 106900 
(Day 2);  

0 -173000 (Day 4) 

- - - 
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Author  Indication  Dose 
Participant  

Population (n)  
Cmax/FVP 

concentration (ng/mL)  

 
Ctrough  

 
AUC Tmax T1/2 

Kreins et al 
(Kreins et al. , 

2024) 

Norovirus 200 т 400 mg 
t.i.d 

Immunocompromised 
children/adults (4) 

- 10000  
(200 mg); 154000 
т 159000 (400 mg) 

- - - 

Hayden et al 
(Hayden et al. , 

2022) 

Influenza 1600 mg BD 
loading, 600 mg 

BD 
maintenance 

Adults with acute 
influenza (836) 

3500 - 180000 0 - 117000 - - - 

Favie et al (Favié 
et al. , 2018) 

Influenza 400 mg BD Patient undergoing 
continuous 
venovenous 

hemofiltration (1) 

4430 - 8900 0.21 1.28 
 

Onmaz et al 
(Eryavuz Onmaz 

et al. , 2021) 

COVID-19 1600 mg BD 
loading, 600 mg 

BD 
maintenance 

Patients with COVID-
19 (55) 

1730 т 32880  
(Day 1); 

 700 -34399  
(Day 2-5);  
650 т 3570  
(Day 6- 8)* 

- - - - 

Finberg et al 
(Finberg et al. , 

2021) 

COVID-19 1800 mg BD 
loading, 1000 

mg BD 
maintenance 

Hospitalised patients 
with PCR-confirmed 

COVID-19 (50) 

43100 - 52900 2890 т 12100 
 

- - - 

Irie et al (Irie et 
al. , 2020) 

COVID-19 1600 mg BD 
loading, 600 mg 

BD 
maintenance 

Hospitalised patients 
on ICU, requiring 

mechanical 
ventilation (7) 

1000 - 45600 - - - - 
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Table 4.1-2 Summary of FVP PK characteristics. * denotes plasma concentration without a defined time post-dose rather than Cmax value. BD -  twice daily, t.i.d - 
thrice daily, QD - four times daily, Cmax ш maximum concentration, Ctrough ш trough concentration, AUC ш area under the concentration-time curve, Tmax ш time to 
maximum concentration, t1/2 ш half-life

Author  Indication  Dose 
Participant  

Population (n)  
Cmax/FVP 

concentration (ng/mL)  

 
Ctrough  

 
AUC Tmax T1/2 

Iwata et al (Iwata  
et al. , 2024) 

COVID-19 1800 mg BD 
loading, 800 mg 

BD 
maintenance 

Hospitalized, 
unvaccinated patients 

at risk of severe 
COVID-19 (84) 

50000 т 80000* - - - - 

Lou et al (Lou et 
al. , 2021) 

COVID-19 1600/2200 mg 
loading, 600 mg 

t.i.d 
maintenance 

Hospitalised patients 
(30) 

200 т 23400 (Day 2);  
0 - 50500 (Day 7) * 

- - - - 

Lowe et al (Lowe 
et al. , 2022) 

COVID-19 1800 mg BD 
loading, 400 mg 

QD 
maintenance 

Outpatients with 
COVID-19 (240) 

2500 т 120000  
(pre-dose);  

11000 т 130000  
(post dose) * 

- - - - 

Sirijatuphat et al 
(Sirijatuphat  et 

al. , 2022) 
 

COVID-19 1800 mg BD 
loading, 800 mg 

maintenance 

Hospitalised patients 
without pneumonia 

(62) 

14500 - 201200 12100 - 132200 - - - 

Koseki et al  
(Koseki et al. , 

2022) 

COVID-19 1800 mg BD 
loading, 800 mg 

maintenance 

Asymptomatic or mild 
disease (66) 

3240 т 178540  
(Day 6);  

0 т 129580 
 (Day 11) 

- - - - 
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Data on the penetration of FVP into non-plasma 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 to plasma. SARS-CoV-2 is likely able to establish an 

infection in tissues beyond the respiratory tract given the widespread expression of the ACE2 receptor 

throughout the body т including on the ocular surface, in the nostrils and oral mucosa (Sungnak et al., 

2020; Grajewski et al., 2021; Luna-Mazzola, 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 sight-related sequelae, as noted by 

several case reports (Chen et al., 2020a; Wang et 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 COVID-19 (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 re-established 

following cessation of treatment. In the case of COVID-19, persistence of SARS-CoV-2 in reservoir 

tissues may be a contributing factor in the development of post-acute sequelae (long COVID). 

Furthermore, development of chronic disease due to persistence of virus in such reservoirs has been 

observed for other single-stranded RNA viruses, such as Ebola, Zika and measles viruses(Proal 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 resistance to monoclonal 

antibodies in the absence of exposure to monoclonal antibody treatments (Fournelle 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 SARS-CoV-2 isolates, such as molnupiravir-induced 

mutations identified since its approval for use in 2022 (Fountain-Jones et al., 2022; Sanderson et 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 treatments for COVID-19.   

In order to overcome the aforementioned challenges, the AGILE CST-6 trial investigated a novel IV 

formulation of FVP in participants hospitalised with COVID-19. PBPK modelling indicated that IV dosing 

would lead to higher sustained plasma FVP concentrations than seen with oral dosing, leading to higher 

levels of the active intracellular metabolite (F-RTP)(Pertinez et al., 2021). The CST-6 trial aimed to 

characterise the efficacy and PK of IV FVP following dose escalations in COVID-19 patients. The trial 

opted for a target Ctrough of 24900 ng/mL, equivalent to the in vitro EC90 for SARS-CoV-ΞШыΝΡΦШ͓~ь(Wang et 

al., 2020b). Furthermore, AGILE CST-6 sought to characterise the PK of FVP in anatomical sites relevant 

not only to SARS-CoV-2 transmission, but also other infectious diseases for which FVP may be a 

candidate treatment, including the salivary, nasal and ocular compartments. Data on the 

ĦŸůƓċƖƣůĲŰƣċũŔƚċƣŔŸŰШŸŉШ[éÂШŔƚШũċĦťŔŰŊШċŰĬШƽŸƨũĬШĤĲШĤĲŰĲŉŔĦŔċũШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШĬƖƨŊќƚШċĤŔũŔƣǃШƣŸШ

prevent onward transmission of viruses via these routes. It is also imperative to understand the 

penetration of FVP into non-plasma compartments to establish whether complete viral clearance may 

be achieved.  

4.2 Materials and Methods 

4.2.1 CST-6 Study Design 

CST-6 is part of the Seamless Phase I/IIa Platform for the Rapid Evaluation of Candidates for COVID-19 

(AGILE) group of clinical trials evaluating therapeutics for the treatment of COVID-19. The AGILE suite of 

trials encompasses a multicentre, multi-candidate, multi-dose, multi-stage randomised phase I/II 

Bayesian adaptive design to establish the safety and efficacy of several candidate agents, allowing them 

to be investigated simultaneously to boost efficiency compared to multiple single-candidate studies.  
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AGILE CST-6 was a parallel group, randomised phase I trial to assess safety, tolerability and efficacy of 

IV FVP administered to hospitalised patients with COVID-19. The first phase, which is reported in this 

thesis, was a dose finding phase. This phase I study 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 either IV 

FVP or SoC (Figure 4.2.1-1). 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 (Khoo et al., 2021; Walker et al., 2022). The probability of dose limiting toxicity 

(DLT) at day 8 and 29 in both the SoC group and each dosing cohort was estimated using a dose toxicity 

model (Mozgunov et al., 2019)ЮШ?xÑШƽċƚШĬĲŉŔŰĲĬШċƚШċŰǃШċĬƻĲƖƚĲШĲƻĲŰƣШы EьШӄШŊƖċĬĲШΟШыċƚШĬĲŉŔŰĲĬШŔŰШƣőĲШ

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 a 30% increase in the 

ƓƖŸĤċĤŔũŔƣǃШŸŉШ?xÑШŸĦĦƨƖƖŔŰŊШĤǃШĬċǃШΥШƽċƚШӄШΞΡӖЮШ ШĤũŔŰĬĲĬШŔŰĬĲƓĲŰĬĲŰƣШƖĲƻŔĲƽĲƖШƽċƚШƖĲƚƓŸŰƚŔĤũĲШŉŸƖШ

ċƚƚŔŊŰŔŰŊШĦċƨƚċũŔƣǃШŸŉШċũũШ EƚШӄШŊƖċĬĲШΟШƽŔƣőШƣőŸƚĲШĦŸŰƚŔĬĲƖĲĬШƓŸƚƚŔĤũǃШŸƖШƓƖŸĤċĤũǃШƖĲũċƣĲĬШƣŸШ[éÂШ

included into the model as DLTs. Using 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 CST-6 trial was to determine the safety and tolerability of multiple doses of 

IV FVP in hospitalised patients with COVID-19 and to establish the maximum safe dose of IV FVP for 

efficacy evaluation in phase II. This was assessed via 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 non-plasma (saliva, nasal 

secretions, tears) and to characterise PK of the active intracellular metabolite, F-RTP, in peripheral blood 

mononuclear cells (PBMC) and dried blood spots.  The plasma PK target for Day 3 pre-dose (trough) was 

set at 24900 ng/mL, equivalent to the FVP EC90 established in Vero E6 cells (Wang et al., 2020b). 
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AGILE CST-6 Trial Design 

 

Figure 4.2.1-1 Summary of trial design and randomisation for the AGILE CST-6 clinical trial. SoC ш standard of care, IV FVP ш intravenous favipiravir, BD ш twice daily
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4.2.2 Inclusion/Exclusion Criteria 

Participants were eligible for inclusion on the CST-6 trial if they were aged over 18 years and had 

laboratory confirmed (by PCR) SARS-CoV-2 infection within the last 7 days and symptom onset within 

the previous 14 days. These patients must have been classed as having severe COVID-19, in hospital 

and requiring oxygen by either mask, nasal prongs, high-flow oxygen or non-invasive 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 be transferred to a non-trial 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 CST-6 trial.  

All participants provided written informed consent prior to enrolment. The trial protocol was approved 

by the UK MHRA, and ethical approval was obtained via National Health Service Research Ethics 

Committee (20/WM/0136).  

4.2.3 Sample Collection  

Plasma and non-plasma samples for pharmacokinetic analysis were collected prior to administration of 

the first IV infusion (pre-dose), and between 0 to 12 h upon completion of the infusion on Days 1, 3 and 

5, as indicated in Table 4.2.3-1. Considering the severity of illness of the participants 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 4.2.3-1). Whole blood (2 mL) was collected in K2EDTA tubes (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 Salivette҂ tubes. In brief, the participant  chewed on the swab 
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for approximately 30 т 60 seconds and returned the swab to the Salivette҂ tube for downstream 

processing in the lab. Tears were collected using Schirmer TTS inserted under the lower eyelid for 5 

minutes (Figure 4.2.3-1). The approximate volume of tears (in µL) was recorded using the graduated 

markings on the strip (maximum volume of 35 µL). SAM swabs were used for the collection of nasal 

secretions (Figure 4.2.3-1). The applicator is placed inside in the nostril, flat against the inferior turbinate. 

After 60 seconds, the swab is removed and returned to the tube. SAM strips were pre-weighed to 

ĬĲƣĲƖůŔŰĲШƣőĲШћĬƖǃќШƽĲŔŊőƣШƓƖŔŸƖШƣŸШĦŸũũĲĦƣŔŸŰ Following collection, all samples, (except for CPT) were 

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

 

 

Figure 4.2.3-1 Collection procedures for tears (left) and nasal secretions (right) from participants on the AGILE 
CST-6 trial
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Sample Type and Collection Timepoints for Pharmacokinetic Analysis  

 

Table 4.2.3-1 Summary of samples and collection  windows for pharmacokinetic analysis. SAM ш synthetic absorptive matrix, TTS ш tear test strip, h ш hour, EDTA ш 
ethylenediaminetetraacetic acid, PBMC ш peripheral blood mononuclear cells

Matrix  
Sample type/collection 

tube  

Day 1 and Day 3 Day 5 

Pre-dose 
Time post completion of infusion (h)  

0-1 2-4 6-12 0-1 6-12 

Plasma K2EDTA 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 ÉĦőŔƖůĲƖќƚШTTS    X   
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4.2.4 Sample Processing  

Prior to centrifugation, K2EDTA whole blood was immediately spotted onto the HemaSep plasma 

separation card. Exactly 2 x 100 µL 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 minutes before being 

transferred into individual zip-lock bags containing desiccant and a humidity indicator. Following this, 

the K2EDTA tube was centrifuged (2000 x g, 10 minutes, 4°C) to obtain the plasma, which was aliquoted 

into 2 x 1.8 mL cryovials. Salivette҂ tubes were centrifuged (1000 x 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 

ƚƣƖŔƓƚШƽĲƖĲШƽĲŔŊőĲĬШƣŸШŸĤƣċŔŰШƣőĲШћƽĲƣќШƽĲŔŊőƣШыƣŸШƣőĲШŰĲċƖĲƚƣШΜЮΝШůŊьШŸŉШĲċĦőШƚƽċĤЮШÑőĲШћĬƖǃќШƽĲŔŊőƣШƽċƚШ

then subtrċĦƣĲĬШŉƖŸůШƣőĲШћƽĲƣќШƽĲŔŊőƣШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƚƽċĤШƽĲŔŊőƣШŔŰШůŊЮШШ9ÂÑШƽĲƖĲШĦĲŰƣƖŔŉƨŊĲĬШыΝΡΜΜШ

x g, 20 minutes, no brake) at room temperature and the PBMC layer removed into a Falcon tube. Cell 

suspensions were washed and suspended 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® NC-200҂ automated cell counter. The pellet was finally resuspended in MeOH-H2O 

(70:30, v/v). TTS required no further processing after collection. All samples were stored at -80°C within 

180 minutes of sample collection.  

4.2.5 Bioanalysis 

Concentrations of FVP and F-RTP in the various matrices were determined by LC-MS/MS 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 (Cmax), time to maximum concentration (Tmax), 

trough concentration (Ctrough), time of the last measurable concentration (Tlast) and the last measurable 

concentration over the sampling period (Clast) post completion of the first IV infusion on day 1, 3 and 5 

were obtained from the concentration-time profiles. Area under the concentration-time curve from 0 to 

6 т 12 h (AUC0-last) was calculated for days 1 and 3 using actual sampling times post-completion of IV 

infusion using non-compartmental analysis [WinNonlin software (Pheonix 64, v8.3, Certara, Radnor, 

PA)].  It was not possible to calculate terminal half-life (t1/2) due to the requirement for three consecutive 

decreasing concentrations, which was not captured by the sampling schedule. Samples 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 ½ LLQ; 500 ng/mL (plasma), 0.75 ng/mL (saliva) and 0.235 ng/sample 

(tears and nasal secretions). For the TTS and nasal swabs, ng/sample assay outputs were converted to 

ng/mL for PK analysis using the swab weights (1 mg = 1 µL) for nasal samples and tear strip volumes. PK 

outputs were expressed as geometric means (GM) with related 95% confidence intervals (95% CI). 

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) × 100]. SigmaPlot (version 14.5, Grafiti, Paolo Alto, CA) was 

used for correlations. 

FVP concentrations in plasma and non-plasma compartments were related to a target Ctrough of 24900 

ng/mL, equivalent to the in vitro EC90 for SARS-CoV-ΞШыΝΡΦШ͓~ьЮШ 
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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 16 participants 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. Three participants (1 

from each of 600 mg, 1800 mg and 2400 mg cohort) did not complete the full 7-day regimen due to 

discharge from hospital.  One participant 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 of participants on the FVP arm were 76.5 years (52 т 93), 78.6 kg (52.1 т 125), 27.8 

kg/m2(19.1-43.4), 5.6 days (2 т 11), respectively. All participants were Caucasian with fifteen defining 

themselves as White British, with one identifying as being from any other White background.  Participants 

had generally received at least one dose of a vaccination against COVID-19 prior to hospitalisation (Table 

4.3.1-ΝьЮШÑőĲƖĲШƽĲƖĲШŰŸШƚĲƖŔŸƨƚШŸƖШƚĲƻĲƖĲШыӄШŊƖċĬĲШΟьШAEs that were considered related to FVP.  Transient 

hyperuricaemia was observed, particularly in the higher dose cohorts, but this has been reported  in 

other trials investigating FVP  (Doi et al., 2020a; Doi et al., 2020b; Chen et al., 2021; Udwadia et 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 4.3.1-1 Summary of participant demographics for AGILE CST-6 treatment and standard of care arms. BMI ш 
body mass index, SoC ш standard of care 

 

 

 

   
Favipiravir  

(n=16) 

SoC 

 (n=8) 

Demographics  

Age at consent, years 75.5 (52-93) 71.3 (57-81) 

Sex   

Female 7 (43.8%) 3 (37.5%) 

Male 9 (56.2%) 5 (62.5%) 

Ethnicity    

White English, Welsh, Scottish, Northern Irish, 

or British  

15 (93.75%) 8 (100%) 

Any other White background  1 (6.25%) 0 (0%) 

BMI, kg/m 2 27.8 (19.1-43.4) 28.8 (21.8-36.2) 

Disease Characteristics    

Time from symptom onset to randomisation, 

days 

5.6 (2-11) 6.4 (4-12) 

Vaccinated against COVID-19   

No 2 (12.5%) 2 (25%) 

Yes 14 (87.5%) 6 (75%) 
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4.3.2 Favipiravir Plasma Pharmacokinetics  

FVP was safe and well tolerated up to and including 2400 mg, even considering the co-morbid nature of 

the participants on the trial and their significant frailty. FVP concentrations and exposure (AUC0-last) 

increased with ascending doses, but this was not dose-proportional, with substantially higher FVP levels 

in the 2400 mg cohort compared to previous cohorts (Figure 4.2.3-4). There was significant inter-subject 

variability (up to 137 % CV) (Figure 4.3.2-1, 4.2.3-2). FVP levels were below the LLQ (1000 ng/mL) in all 

Day 1 pre-dose samples, all day 1 Clast samples (median 6.1 h), all Day 3 pre-dose and in 24% (1/4) Day 3 

Clast 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 the Cmax and 

AUC0-last from day 1 to day 3, was noted in all dosing cohorts (Table 4.3.2-1, Figure 4.2.3-3).  Day 3 GM FVP 

exposures (AUC0-last) for the 600 mg (N = 3), 1200 mg (N= 4), 1800 mg (N = 4) and 2400 mg (N = 4) cohorts 

were 40272, 274470, 393358 and 969864 ng·h/mL (Figure 4.3.2-4). Corresponding GM Cmax values were 

16526, 61907, 85362 and 195067 ng/mL, respectively. Calculated Cmax on Day 1 were 2.3-fold 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 3-fold 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 with Cmax and AUC0-last 3-fold 

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

GM Day 3 Ctrough (pre-dose) values were 500, 5494, 21164 and 75388 ng/mL. Day 3 pre-dose 

concentrations exceeded the 24900 ng/mL target in 0%, 50%, 25%, and 75% of participants receiving 

the 600 mg, 1200 mg, 1800 mg, and 2400 mg doses, respectively. In participants that exceeded the 

target Day 3 pre-dose concentration, 83% (5/6) had a body weight < 80 kg. In those participants that did 

not achieve Day 3 pre-dose of > 24900 ng/mL, 70% (7/10) had a body weight > 80 kg (Table 4.3.2-3) 

In all cohorts, Day 5 FVP plasma levels were consistently higher than on Day 3 (Figure 4.3.2-1, 4.3.2-2). 

Median Day 5 FVP concentrations for the 600 (N = 3), 1200 (N = 4), 1800 (N= 3) and 2400 (N = 3) at Clast 

(median 6.2 h) were 1339, 54521, 58394 and 91032 ng/mL.   
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Pharmacokinetic Parameters for IV FVP on Day 1 and Day 3 in All Cohorts on the AGILE CST-6 Trial 

Table 4.3.2-1. Summary of FVP plasma PK characteristics, presented as GM (95% confidence interval) for day 1 and day 3. Sample prior to the first dose of the day; 
Day 1 = C0, Day 3 = Ctrough. * samples below the LLQ and imputed as ½ LLQ. BD -twice daily, Cmax ш maximum concentration, Tmax ш time of maximum concentration, 
Clast ш last concentration, Tlast ш time of last concentration, AUC ш area under the concentration-time curve 

Day Dose (mg, BD) 
Tmax  

(h) 

C0/trough  

 (ng/mL)# 

Cmax 

 (ng/mL) 

Tlast  

(h) 

Clast  

 (ng/mL) 

AUC0-last  

(ng·h/mL) 

Day 1 600, N = 4 
0.25 

(0.17, 0.38) 
- 

16481.19 

(10064.94, 26987.71) 

6.16 

(5.76, 6.60) 

500.00* 

(500.00,500.00) 

32936.47 

(18840.34, 57579.16) 

 1200, N = 4 
0.39 

(0.25, 0.59) 
- 

38005.57 

(17819.76, 81057.38) 

6.51 

(6.05, 7.01) 

2814.13 

(301.50, 26265.99) 

103940.36 

(40748.68, 265127.58) 

 1800, N =4 
0.24 

(0.08, 0.73) 
- 

52043.54 

(31566.43, 85804.14) 

6.28 

(6.06, 6.51) 

4278.91 

(683.60, 26783.09) 

131207.33 

(63802.95, 269820.81) 

 2400, N = 4 
0.34 

(0.04, 2.96) 
- 

88485.91 

(67051.98, 116771.44) 

6.27 

(5.84, 6.73) 

18757.80 

(3115.83, 112925.05) 

286483.79 

(129928.53, 631677.74) 

Day 3 600, N = 3 
0.49 

(0.10, 2.35) 

500.00* 

(500.00, 500.00) 

16525.63 

(10825.68, 25226.74) 

6.24 

(5.69, 6.84) 

966.89 

(233.99, 3995.41) 

40272.46 

(29069.66, 55792.58) 

 1200, N = 4 
0.40 

(0.24, 0.68) 

5494.05 

(169.93, 177631.59) 

61907.29 

(23313.82, 164388.06) 

6.46 

(6.05, 6.89) 

18548.67 

(1298.11, 265042.41) 

274469.71 

(81995.41, 918754.13) 

 1800, N = 4 
0.29 

(0.07, 1.14) 

21164.02 

(8231.04, 54417.90) 

85362.38 

(54485.97, 133736.00) 

6.19 

(5.88, 6.51) 

47202.73 

(24820.23, 89769.45) 

393357.59 

(231628.86, 668009.12) 

 2400, N = 4 
0.52 

(0.11, 2.37) 

75387.89 

(15413.51, 368724.19) 

195066.50 

(91756.38, 414695.30) 

6.29 

(5.90, 6.71) 

119344.24 

(49219.95, 289375.51) 

969864.00 

(459704.29, 2046176.62) 

* below LLQ and imputed as ½ LLQ 
# sample prior to first dose of the day; Day 1 = C0, Day 3 = Ctrough 

N = Number  of participants  in the evaluable  population  
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Median Day 5 FVP Plasma Concentrations and Times Post-Completion of Infusion  

 

 

 

 

 

 

 

 

 

 

Table 4.3.2-2 Summary (median [range]) of day 5 FVP concentrations and time post-infusion. BD ш twice daily, h ш hour, N ш number of participants  

Day 5 
Dose  

(mg, BD) 

Favipiravir  

(ng/mL) 

Time post infusion  

(h) 

0-1 600, N = 3 
22100.93 

(16688.55 т 35010.19) 

0.40 

(0.03 т 0.82) 

 1200, N = 4 
95850.42 

(43249.92 т 185494.28) 

0.58 

(0.02 т 0.62) 

 1800, N =3 
95410.69 

(92892.28 т 175120.84) 

0.17 

(0.08 т 0.18) 

 2400, N = 3 
187893.57 

(171432.87 - 245331.10) 

0.28 

(0.23 - 0.47) 

6-12 600, N = 3 
1338.60 

(500.00 т 4350.27) 

6.22 

(6.00 т 6.25) 

 1200, N = 4 
54521.38 

(4915.90 т 131224.77) 

6.22 

(6.00 -6.52) 

 1800, N = 3 
58394.12 

(51497.47 т 92312.43) 

6.08 

(6.08 т 6.48) 

 2400, N = 3 
91031.61 

(71519.86 т 258462.56) 

6.28 

(6.28 т 6.57) 
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Concentration -time Curves for All Cohorts, All Participants on the AGILE CST-6 Trial 

Figure 4.3.2-1 Favipiravir concentration-time curves for all cohorts stratified by study day in hospitalised COVID-19 patients receiving IV FVP 600 mg BD over 1 h 
(cohort 1 : yellow closed markers, solid lines), 1200 mg BD over 1 h (cohort 2 : blue closed markers, solid lines), 1800 mg BD over 1 h (cohort 3 : pink closed 
markers, solid lines) and 2400 mg over 1 h (cohort 4 : purple closed markers, solid lines) 
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Geometric Mean Concentration -Time Curves for All Cohorts on the AGILE CST-6 Trial 

 

Figure 4.3.2-2 Geometric mean FVP plasma concentrations vs geometric mean actual time post-completion 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  

Figure 4.3.2-3 Accumulation of FVP in plasma from Day 1 to Day 5 at 6 -12 h post-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 CST-6 trial  

Figure 4.3.2-4 Plot of GM AUC0-last vs dose (mg) for all cohorts. Error bars represent the 95% confidence interval. AUC ш area under the concentration-time curve
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Table 4.3.2-3 Participant Day 3 pre-dose FVP concentrations and body weight. * denotes sample that was below 
the LLQ (1000 ng/mL) and assigned ½ LLQ.   

Participant ID  IV FVP Dose 

 (mg, BD) 

D3 C0  

 (ng/mL) 

Body Weight  

(kg) 

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 
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4.3.2.1 600 mg dose (Cohort 1) 

Four participants completed Days 1 and 3 of treatment, with three participants remaining by Day 5. On 

Day 3, a single participant  (005) exhibited markedly lower concentrations (Cmax = 4169.83 ng/mL) which 

was due to a blood sampling error. Their Day 3 PK parameters are presented in Table 4.3.2.1-1 but are 

excluded from the summary statistics (Table 4.3.2-1).  On Day 1, time to reach maximum concentration 

[Tmax; GM (95% CI)] was 0.25 (0.17 т 0.38) h. GM (95% CI) were 32936.47 (18840.34, 57579.16) ng·h/ml 

for AUC0-last and 16481.19 (10064.94, 26987.71) ng/mL for Cmax. All concentrations were below the assay 

LLQ at the final 6 т 12 h timepoint [Tlast of 6.16 h (5.76 т 6.60)]. On Day 3 all pre-dose (C0) samples were 

below the LLQ and therefore assigned a concentration of 500 ng/mL. The Day 3 Tmax was 0.49 (0.10, 2.35) 

h with Tlast of 6.24 (5.69, 6.84) h. GM (95% CI) for AUC0-last and Cmax were 40272.46 (29069.66, 55792.58) 

ng·h/mL and 16525.63 (10825.68, 25226.74) ng/mL, respectively. Interindividual variability was notable 

with %CV > 35% for Cmax, Clast and AUC0-last.  

Day 5 plasma FVP concentrations (Table 4.3.2.1-2) reflected a similar pattern to Day 3 with GM 

concentrations at [nominal timepoint (median actual time post infusion)] 0 т 1 (0.40) and 6 т 12 (6.22) h 

of 23460.71 and 1427.96 ng/mL, respectively.  

GMR (95% CI) indicated drug accumulation between Day 1 and Day 3 for Cmax (1.17 [1.07, 1.27]), AUC0-last 

(1.45 [1.35, 1.57]), Clast (1.93 [1.38, 2.71]) and Tmax (1.93 [1.26, 2.95]). Tlast was similar between Day 1 and 

Day 3 (1.03 [1.02, 1.04]).  

Concentration-time curves for each participant  per each study day are depicted in Figure 4.3.2.1-1. At 

this dose, none of the participants achieved the target Day 3 pre-dose concentration (C0) of 24900 ng/ml. 
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Pharmacokinetic Parameters for Participants Receiving IV FVP 600 mg BD 

Table 4.3.2.1-1 Summary of PK characteristics (Day 1 and Day 3) for Cohort 1, 600 mg dose. * denotes those 
attributed ½ LLQ. Tmax ш time to maximum concentration, Cmax - maximum concentration, Tlast ш time of last 
concentration, C0 ш concentration at 0 hours/predose, Clast ш last concentration, AUC ш area under the 
concentration time curve, SD ш standard deviation, CV ш coefficient of variation, GM ш geometric mean, CI ш 
confidence interval  

Day ID Dose Tmax Cmax Tlast  C0 Clast  AUC0-last  
(h) (ng/mL) (h) (ng/mL) (ng/mL) (ng·h/mL) 

Day 1 001 600 0.25 15265.56 5.97 0.00 500.00* 29498.90 
005 600 0.25 26033.34 6.52 0.00 500.00* 55386.62 
006 600 0.35 13340.23 6.23 0.00 500.00* 27989.55 
007 600 0.18 13917.09 5.95 0.00 500.00* 25733.65 

Mean 0.26 17139.06 6.17 - 500.00 34652.18 
SD 0.07 5984.16 0.27 - 0.00 13909.28 

%CV 26.6 34.9 4.3 - 0.00 40.1 
Min 0.18 13340.23 5.95 - 500.00 25733.65 

Median 0.25 14591.33 6.10 - 500.00 28744.23 
Max 0.35 26033.34 6.52 - 500.00 55386.62 
GM 0.25 16481.19 6.16 - 500.00 32936.47 

95% CI lower 0.17 10064.94 5.76 - - 18840.34 
95%CI upper 0.38 26987.71 6.60 - - 57579.16 

Day 3 001 600 0.23 19418.41 6.05 500.00* 500.00* 38543.06 
006 600 0.70 16804.01 6.50 500.00* 1336.86 46675.04 
007 600 0.70 13830.81 6.17 500.00* 1352.30 36307.28 

Mean 0.54 16684.41 6.24 500.00 1063.05 40508.46 
SD 0.27 2795.72 0.23 0.00 487.68 5456.17 

%CV 49.5 16.8 3.7 0.0 45.9 13.5 
Min 0.23 13830.81 6.05 500.00 500.00 36307.28 

Median 0.70 16804.01 6.17 500.00 1336.86 38453.06 
Max 0.70 19418.41 6.50 500.00 1352.30 46675.04 
GM 0.49 16525.63 6.24 500.00 699.89 40272.46 

95% CI lower 0.10 10825.68 5.69 - 233.99 29069.66 
95%CI upper 2.35 25226.74 6.84 - 3995.41 55792.58 
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Day 5 FVP Plasma Concentrations in Participants Receiving IV FVP 600 mg BD 

 

 

 

 

 

 

  

  

Table 4.3.2.1-2 Summary of Day 5 plasma FVP concentrations, Cohort 1 (600 mg). * denotes those attributed ½ 
LLQ. SD ш standard deviation, GM ш geometric mean, CI ш confidence interval, CV ш coefficient of variation, h - hour 

 
0-1 h 6-12 h 

ID Dose Time 
 (h) 

[FVP]  
ng/mL 

Time  
(h) 

[FVP]  
ng/mL 

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 
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Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 600 mg BD IV FVP 

Participant # 
Cmax AUC0-last  Clast  Tmax Tlast  

D1 D3 D3/D1 log D1 D3 D3/D1 log D1 D3 D3/ D1 log D1 D3 D3/ D1 log D1 D3 D3/D1 log 
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 1.41 0.15 500.00 1352.30 2.70 0.43 0.18 0.70 3.89 0.59 5.95 6.17 1.04 0.02 

Mean    0.07    0.16    0.29    0.28    0.01 
GMean   1.17 1.17   1.45 1.45   1.93 1.93   1.93 1.93   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 4.3.2.1-3 GMR for all PK parameters on Day 1 and Day 3 (600 mg cohort). 005 Day 3 was excluded from PK analysis. D1 ш Day 1, D3 ш Day 3, Tmax ш time to 
maximum concentration, Cmax - maximum concentration, Tlast ш time of last concentration,, Clast ш last concentration, AUC ш area under the concentration time 
curve, SD ш standard deviation, CV ш coefficient of variation, GMean ш geometric mean, St Err ш standard error 
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Concentration -Time Curves for Participants Receiving 600 mg BD IV FVP, Stratified by Day 

Figure 4.3.2.1-1 Concentration-time curves for Day 1, Day 3 and Day 5 for Cohort 1 (600 mg); EC90 target of 24900 ng/mL indicated by red dashed line. 

 

EC90 Target (24900 ng/mL) 
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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 than in participants receiving 

the 600 mg dose (Table 4.3.2.2-1). Day 5 plasma FVP concentrations (Table 4.3.2.2-2) were higher than 

Day 3, with GM concentrations of [nominal timepoint (median actual time post infusion)] 0 т 1 (0.58) and 

6 т 12 (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 2.6-fold increase in AUC0-last [GMR 

(95% CI) 2.64 (2.14, 3.26)]. Observed Cmax increased from 38005.57 ng/mL on Day 1 to 61907.29 ng/mL 

on Day 3 with GMR (95% CI) of 1.63 (1.24, 2.14).  Clast GMR (95% CI) from Day 1 to Day 3 was 6.59 (5.26, 

8.25), implying a significant increase (Table 4.3.2.2-3). GMR for Tmax and Tlast 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 Cmax of 41% and 60%. Similarly to the 

first cohort, this was largely a result of one (Day 1) or two (Day 3) participants having significantly lower 

plasma FVP levels than the remaining participants. At this dose, 50% of participants achieved Day 3 Cpre-

dose above the targeted EC90 of 24900 ng/mL (Figure 4.3.2.2-1).  

 

 

 

 

 

 

 

 



126 
 

Summary of Pharmacokinetic Characteristics in Participants Receiving IV FVP 1200 mg BD  

Table 4.3.2.2-1 Summary of PK parameters for IV FVP 1200 mg BD. Values in purple are those assigned ½ LLQ. 
Tmax ш time to maximum concentration, Cmax - maximum concentration, Tlast ш time of last concentration, C0 ш 
concentration at 0 hours/predose, Clast ш last concentration, AUC ш area under the concentration time curve, SD ш 
standard deviation, CV ш coefficient of variation, GM ш geometric mean, CI ш confidence interval  

Day ID Dose Tmax Cmax Tlast  C0 Clast  AUC0-last  

(h) (ng/mL) (h) (ng/mL) (ng/mL) (ng·h/mL) 

Day 
1 

008 1200 0.27 46746.95 6.43 0.00 11040.28 177836.95 
010 1200 0.38 36340.20 6.97 0.00 500.00* 79752.61 
011 1200 0.50 58211.25 6.28 0.00 6817.81 159951.95 

012 1200 0.43 19825.69 6.38 0.00 1666.40 51449.42 
Mean 0.40 41031.02 6.52 - 5006.123 117247.73 

SD 0.10 16761.04 0.31 - 4870.05 61182.80 
%CV 24.5 40.8 4.8 - 97.3 52.2 
Min 0.27 19825.69 6.28 - 500.00 51449.42 

Median 0.41 43043.58 6.41 - 4242.11 119852.28 
Max 0.50 58211.57 6.97 - 11040.28 177836.95 
GM 0.39 38005.57 6.51 - 2814.13 103940.36 

95% CI lower 0.34 17819.76 6.05 - 301.50 40748.68 
95%CI upper 0.43 81057.38 7.01 - 26265.99 265127.58 

Day 
3 

008 1200 0.43 78742.95 6.43 33016.53 68426.15 456197.18 
010 1200 0.45 31032.79 6.83 500.00* 2452.70 130239.84 
011 1200 0.53 127438.83 6.20 37104.52 78068.73 601644.08 

012 1200 0.25 47166.43 6.38 1487.45 9034.56 158760.18 
Mean 0.42 71095.25 6.46 18027.13 39495.54 336710.32 

SD 0.12 42468.32 0.27 19743.27 39263.70 230045.88 
%CV 28.7 59.7 4.1 109.5 99.4 68.3 
Min 0.25 31032.79 6.20 500.00 2452.70 130239.84 

Median 0.44 62954.69 6.41 17251.99 38730.36 307478.68 
Max 0.53 127438.83 6.83 37104.52 78068.73 601644.08 
GM 0.40 61907.29 6.46 5494.05 18548.67 274469.71 

95% CI lower 0.24 23313.82 6.05 169.93 1298.11 8995.41 
95% CI upper 0.68 164388.06 6.89 177631.59 265042.41 918754.13 
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Day 5 FVP Plasma Concentrations in Participants Receiving 1200 mg BD IV FVP 
 

 0-1h 6-12h 

ID Dose 
Time  
(h) 

[FVP] 
 ng/mL 

Time  
(h) 

[FVP]  
ng/mL 

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 4.3.2.2-1 Summary of Day 5 FVP plasma concentrations for Cohort 2 (1200 mg). SD ш standard deviation, CV 
ш coefficient of variation, GM -  geometric mean, CI ш confidence interval
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Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 1200 mg BD IV FVP 

 

Table 4.3.2.2-3 GMR for 1200 mg cohort (Cohort 2). D1 ш Day 1, D3 ш Day 3. Tmax ш time to maximum concentration, Cmax - maximum concentration, Tlast ш time of last 
concentration, Clast ш last concentration, AUC ш area under the concentration time curve, SD ш standard deviation, CV ш coefficient of variation, GMean ш geometric 
mean, St Err ш standard error 

 

 

 

 

 Cmax AUClast  Clast  Tmax Tlast  

Participant # D1 D3 D3/D1 log D1 D3 D3 /D1 log D1 D3 D3/D1 log D1 D3 D3/ D1 log D1 D3 D3/D1 log 

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 2452.70 4.91 0.69 0.38 0.45 1.18 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 0.58 6817.81 78068.73 11.45 1.06 0.50 0.53 1.06 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 0.49 1666.40 9034.56 5.42 0.73 0.43 0.25 0.58 -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 2.64   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 
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Concentration -Time Curves for Participants Receiving 1200 mg BD IV FVP 

 

Figure 4.3.2.2-1 Concentration-time curves for Day 1, 3 and 5 (Cohort 2, 1200 mg). Red dashed line indicates EC90 target of 24900 ng/mL 

EC90 Target  
(24900 ng/mL) 
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4.3.2.3 1800 mg dose (Cohort 3) 

Four participants completed Days 1 and 3, with one participant (018) discharged between Day 3 and Day 

5 due to the parent clinical team deeming the participant  well enough to return home. Day 5 plasma FVP 

concentrations (Table 4.3.2.2-2) were higher than Day 3, with GM concentrations of [nominal timepoint 

(median actual time post infusion)] 0 т 1 (0.17) and 6 т 12 (6.08) h of 115781.23 and 65233.66 ng/mL, 

respectively.  

FVP exposure increased from Day 1 to Day 3 with AUC0-last GMR (95% CI) of 3.00 (2.57, 3.50). Cmax was 

higher on Day 3 than Day 1 with GMR of 1.64 (1.40, 1.93). Clast GMR (95% CI) from Day 1 to Day 3 was 

10.54 (6.53, 17.02).  

At this dose, 25% of participants achieved Day 3 Cpre-dose >24900 ng/mL (Figure 4.3.2.3-1).  
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Pharmacokinetic  Parameters for Participants Receiving IV FVP 1800 mg BD 

Table 4.3.2.3-1 Summary of PK, Day 1 and Day 3 for IV FVP 1800 mg BD (Cohort 3). Tmax ш time to maximum 
concentration, Cmax - maximum concentration, Tlast ш time of last concentration, C0 ш concentration at 0 
hours/predose, Clast ш last concentration, AUC ш area under the concentration time curve, SD ш standard deviation, 
CV ш coefficient of variation, GM ш geometric mean, CI ш confidence interval 

  

Day ID Dose Tmax Cmax Tlast  C0 Clast  AUC0-last  
(h) (ng/mL) (h) (ng/mL) (ng/mL) (ng·h/mL) 

Day 
1 

15 1800 0.25 77750.10 6.10 0.00 15119.75 236163.80 
17 1800 0.18 41784.04 6.43 0.00 1555.24 91989.24 
18 1800 0.62 39395.53 6.27 0.00 1667.09 91678.97 
20 1800 0.12 57320.37 6.33 0.00 8551.27 148803.20 

Mean 0.29 54062.51 6.28 - 6723.34 142158.80 
SD 0.22 17678.58 0.14 - 6483.72 68181.82 

%CV 76.6 32.7 2.2 - 96.4 48.0 
Min 0.12 39395.53 6.10 - 1555.24 91678.97 

Median 0.22 49552.21 6.3 - 5109.18 120396.23 
Max 0.62 77750.10 6.43 - 15119.75 236163.78 
GM 0.24 52043.54 6.28 

 
4278.91 131207.33 

95% CI lower 0.08 31566.43 6.06 
 

683.60 63802.95 
95%CI upper 0.73 85804.14 6.51 

 
26783.09 269820.81 

Day 
3 

15 1800 0.33 116215.30 6.02 46167.66 77729.81 605127.20 
17 1800 0.92 60340.95 6.43 12150.03 28925.02 270257.30 
18 1800 0.13 96795.09 6.03 14878.74 47985.20 400911.30 
20 1800 0.17 78247.73 6.27 24038.90 46015.07 365155.50 

Mean 0.39 87892.28 6.19 24308.75 50163.78 410362.80 
SD 0.37 24034.80 0.2 15434.05 20272.55 141062.35 

%CV 93.8 27.3 3.2 63.5 40.4 34.4 
Min 0.13 60340.95 6.02 12150.03 28925.02 270257.25 

Median 0.25 87506.41 6.15 19458.82 47000.14 383033.39 
Max 0.92 116215.33 6.43 46167.33 77729.81 605127.17 
GM 0.29 85362.38 6.19 21164.02 47202.74 393357.59 

95% CI lower 0.07 54485.97 5.88 8231.04 24820.23 231628.86 
95%CI upper 1.14 133736.00 6.51 54417.90 89769.45 668009.12 
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Day 5 FVP Plasma Concentrations in Participants Receiving 1800 mg BD IV FVP 

 

 

 

 

 

 

  
  
 

Table 4.3.2.3-2 Summary of Day 5 FVP concentrations for Cohort 3 (1800 mg BD). SD ш standard deviation, CV ш 
coefficient of variation, GM ш geometric mean, CI ш confidence interval 

 0-1h 6-12h 

ID Dose 
Time 
 (h) 

[FVP]  
ng/mL 

Time  
(h) 

[FVP]  
ng/mL 

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% CI lower 0.05 47509.05 5.67 30413.60 
95% CI upper 0.40 282162.96 6.81 139918.66 
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Geometric Mean Ratios (Day 3 vs. Day 1) for Participants Receiving 1800 mg BD IV FVP 

 

 Cmax AUC Clast  Tmax Tlast  

Participant # D1 D3 D3/ D1 log D1 D3 D3 /D1 log D1 D3 D3 /D1 log D1 D3 D3 /D1 log D1 D3 D3/ D1 log 

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 2.46 0.39 91678.97 400911.30 4.37 0.64 1997.09 47985.20 24.03 1.38 0.62 0.13 0.21 -0.68 6.27 6.03 0.96 -0.02 

FAV1049020 57320.37 78247.73 1.37 0.14 148803.22 365155.49 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   1.64 1.64   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 4.3.2.3-3 GMR for 1800 mg cohort (Cohort 3). D1 ш Day 1, D3 ш Day 3. Tmax ш time to maximum concentration, Cmax - maximum concentration, Tlast ш time of last 
concentration, C0 ш concentration at 0 hours/predose, Clast ш last concentration, AUC ш area under the concentration time curve, SD ш standard deviation, CV ш 
coefficient of variation, GMean ш geometric mean, St Err ш standard error 
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Concentration -Time Curves for Participants Receiving IV FVP 1800 mg BD 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.2.3-1 Concentration-time curves for participants receiving 1800 mg IV FVP BD. Red dashed line indicates EC90 target of 24900 ng/mL

EC90 Target  (24900 ng/mL) 
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4.3.2.4 2400 mg dose (Cohort 4) 

 Four participants completed study Days 1 and 3, with one participant  discharged from hospital between 

Day 3 and Day 5.  

Cmax increased 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 AUClast GMR (95% CI) of 3.39 (3.19, 3.59). Clast was significantly 

higher on Day 3 than Day1 with GMR (95% CI) of 6.63 (4.08, 9.92). GMRs for Cohort 4 are presented in 

Table 4.3.2.4-3. 

Day 5 plasma FVP concentrations (Table 4.3.2.2-2) were higher than Day 3, with GM concentrations of 

[nominal timepoint (median actual time post infusion)] 0 т 1 (0.28) and 6 т 12 (6.28) h of 199183.28 and 

118942.99 ng/mL, respectively. 

At this dose, 75% of participants achieved Cpre-dose (Day 3) > 24900 ng/mL (Figure 4.3.2.4-1). As in previous 

cohorts, interindividual variability is notable, with %CV for Cmax, Clast and AUC all greater than 17% (17т 

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

Table 4.3.2.4-1 Summary of Day 1 and Day 3 PK for IV FVP 2400 mg BD (Cohort 4). Tmax ш time to maximum 
concentration, Cmax - maximum concentration, Tlast ш time of last concentration, C0 ш concentration at 0 
hours/predose, Clast ш last concentration, AUC ш area under the concentration time curve, SD ш standard deviation, 
CV ш coefficient of variation, GM ш geometric mean, CI ш confidence interval 

  

Day ID Dose Tmax Cmax Tlast  C0 Clast  AUC0-last  

(h) (ng/mL) (h) (ng/mL) (ng/mL) (ng·h/mL) 

Day 1 022 2400 0.08 81860.05 6.67 0.00 4471.54 194333.93 
024 2400 0.22 73443.04 6.17 0.00 13922.06 178966.41 
025 2400 2.10 92473.62 6.25 0.00 33224.07 435680.10 
026 2400 0.37 110269.65 6.00 0.00 59856.90 444541.53 

Mean 0.69 89511.59 6.27 - 27868.64 313380.49 
SD 0.95 15878.86 0.28 - 24453.09 146514.67 

%CV 136.8 17.7 4.5 - 87.7 46.8 
Min 0.08 73443.04 6.00 - 4471.54 178966.41 

Median 0.30 87166.84 6.21 - 23573.07 315007.01 
Max 2.10 110269.65 6.67 - 59856.90 444541.53 
GM 0.34 88485.91 6.27 

 
18757.80 286483.79 

95% CI lower 0.04 67051.98 5.84 
 

3115.83 129928.53 
95%CI upper 2.96 116771.44 6.73   112925.05 631677.74 

Day 3 022 2400 2.10 131352.97 6.23 24459.02 78146.49 701740.27 
024 2400 0.42 128464.67 6.62 44024.07 70498.70 606045.87 
025 2400 0.33 317046.61 6.33 148950.13 213105.98 1592256.61 
026 2400 0.25 270635.03 6.00 201389.20 172730.39 1306617.26 

Mean 0.78 211874.82 6.30 104705.61 133627.89 1051665.00 
SD 0.89 96531.32 0.26 84512.44 70502.01 475487.00 

%CV 114.3 45.6 4.1 80.7 52.8 45.2 
Min 0.25 128464.67 6.00 24459.02 70498.70 606045.87 

Median 0.38 200994.00 6.28 96487.10 125453.44 1004178.77 
Max 2.10 317046.61 6.62 201389.20 213105.98 1592256.61 
GM 0.52 195066.50 6.29 75387.89 119339.06 969863.99 

95% CI lower 0.11 91756.38 5.90 15413.51 49219.95 459704.29 
95%CI upper 2.37 414695.30 6.71 368724.19 289375.51 2046176.62 
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Day 5 Plasma FVP Concentrations in Participants Receiving 2400 mg IV FVP BD 

 0-1h 6-12h 

ID Dose 
Time  
(h) 

[FVP]  
ng/mL 

Time  
(h) 

[FVP]  
ng/mL 

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 4.3.2.4-2 Day 5 FVP plasma concentrations for IV FVP 2400 mg BD (Cohort 4). SD ш standard deviation, CV ш 
coefficient of variation, GM ш geometric mean, CI ш confidence interval
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 Geometric Mean Ratios (Day 3 vs Day 1) for Participants Receiving 2400 mg IV FVP BD 

 

 Cmax AUC0-last  Clast  Tmax Tlast  

Participant # D1 D3 D3/D1 log D1 D3 D3 / D1 log D1 D3 D3/D1 log D1 D3 D3/D1 log D1 D3 D3/D1 log 

FAV1049020 81860.05 131352.97 1.60 0.21 194333.93 701740.27 3.61 0.56 4471.54 78146.49 17.48 1.24 0.08 2.1 26.25 1.42 6.67 6.23 0.93 -0.03 

FAV1049024 73443.04 128464.67 1.75 0.24 178966.41 606045.87 3.39 0.53 13922.06 70498.70 5.06 0.70 0.22 0.42 1.91 0.28 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 213105.98 6.41 0.81 2.10 0.33 0.16 -0.80 6.25 6.33 1.01 0.01 

FAV1049026 110269.65 270635.03 2.45 0.39 444541.53 1306617.30 2.94 0.47 59856.90 172790.39 2.89 0.46 0.37 0.25 0.68 -0.17 6.00 6.00 1.00 0.00 

Mean    0.34    0.53    0.80    0.18    0.002 

GMean   2.20 2.20   3.39 3.39   6.36 6.36   1.52 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 4.3.2.4-3 Plasma GMR from Day 1 to Day 3 for the 2400 mg dose (Cohort 4). D1 ш Day 1, D3 ш Day 3. Tmax ш time to maximum concentration, Cmax - maximum 
concentration, Tlast ш time of last concentration, C0 ш concentration at 0 hours/predose, Clast ш last concentration, AUC ш area under the concentration time curve, SD 
ш standard deviation, CV ш coefficient of variation, GMean ш geometric mean, St Err ш standard error 
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Figure 4.3.2.4-1 Concentration-time curves for Days 1, 3 and 5 for participants receiving 2400 mg IV FVP (Cohort 4) .  Red dashed line represents EC90 target of 
24900 ng/mL

EC90 Target  (24900 
ng/mL) 
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4.3.3 Favipiravir Pharmacokinetics in Non-Plasma Matrices (Saliva, 

TTS, SAM) 

4.3.3.1 Saliva 

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

12 h post-infusion (C6-12) 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 Clast (median = 6.68 h) for the 600 mg (N = 4), 1200 

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 at Clast (median = 6.52 h) were 69.26, 1041.65, 

4217.58 and 9742.40 ng/mL for each cohort respectively.  

Median Day 1 saliva-to-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 (0.01 т 0.28); this ratio remained constant irrespective of FVP dose (Figure 4.3.3.1-

1) and was confirmed by statistical analysis (Mann-Whitney test, p=0.861). Interindividual variability was 

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

 No participants achieved a FVP concentration in saliva in excess of the targeted EC90 (24900 ng/mL).  
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Saliva FVP Concentrations on Days 1 and 3 at 6 т 12 Hours Post-Completion of Infusion  

 

Table 4.3.3.1-1 Median (range) FVP concentration at the 6 ш 12 h post-completion 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, C6-12 ш concentration at the 6-12 h post completion of infusion timepoint, BD ш twice daily 

 

 

 

 

 

Day Dose (mg, BD) 
Time post infusion  

(h) 
Plasma C6-12 

(ng/mL) 
Saliva C6-12 

(ng/mL) 
Saliva:plasma ratio  

Day 1 600, N = 4 
6.63 

(6.27 т 6.85) 
500.00 

(500.00 т 500.00) 
42.99 

(13.16 т 66.76) 
0.09 

(0.03 т 0.13) 

 1200, N = 4 
6.89 

(6.68 т 7.20) 
1387.00 

(500.00 т 6820.00) 
232.19 

(68.11 т 521.20) 
0.08 

(0.03 т 0.14) 

 1800, N =3 
6.70 

(6.38 т 6.72) 
1611.17 

(1511.98 т 8551.27) 
222.61 

(36.80 т 4197.98) 
0.03 

(0.02 т 0.28) 

 2400, N = 4 
6.39 

(6.13 т 7.28) 
23573.07 

(4471.54 т 59856.90) 
1093.10 

(75.44 т 7819.55) 
0.03 

(0.01 т 0.24) 

Day 3 600, N = 4 
6.52 

(6.45 т 6.72) 
1335.73 

(500.00 т 1352.30) 
69.26 

(21.28 т 114.14) 
0.05 

(0.04 т 0.09) 

 1200, N = 4 
6.52 

(6.32 т 6.97) 
7324.74 

(2452.70 т 9034.56) 
1041.65 

(178.92 т 4113.82) 
0.04 

(0.03 т 0.07) 

 1800, N = 4 
6.13 

(6.08 т 6.53) 
37470.05 

(7772.98 т 47985.20) 
4217.58 

(270.11 т 12179.95) 
0.09 

(0.01- 0.16) 

 2400, N = 4 
6.58 

(6.13 т 7.00) 
125468.44 

(70498.70 т 213105.98) 
9742.40 

(4058.82 т 11275.66) 
0.06 

(0.05 т 0.13) 



142 
 

Distribution of Saliva -to Plasma FVP  Ratios on Days 1 and 3, Stratified by Dose 

 

Figure 4.3.3.1-1 Box-and-whisker plots showing the distribution of saliva:plasma FVP on Day 1 and Day 3, stratified by cohort 



143 
 

                                                                                                                                                                                                                                                              

4.3.3.2 Tears 

FVP was quantifiable in 27/30 (90%) of tear samples; the three samples <LLQ were all from participants 

in the 600 mg cohort and were assigned ½ LLQ (0.235 ng/sample) and normalised to ng/mL using the tear 

strip volume (Table 4.3.3.2-1). Tear C6-12 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 = 3) were 127.64, 

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 (0.1 т 20.0) µL.  

Median (range) overall FVP tear-to-plasma ratio was 0.30 (0.00 т 6.54) (Table 4.3.3.2-3). Ratios were 

highly variable (%CV 90 т 179 %) but statistical analysis (Mann-Whitney 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. TTS volumes were cross checked against the sample collection logs for 

012 and 026 and were confirmed as 0.5 and 0.1 µL, respectively.   
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FVP Concentrations in Ocular Fluid on Days 1 and 3 at 6 т 12 Hours Post-Completion of Infusion  

Day 
Dose 

(mg, BD) 

Time post 

infusion 

(h) 

Swab 

volume  

ы͓xь 

Plasma C6-12 

(ng/mL) 

Tears C6-12 

(ng/mL) 
Tears:plasma 

Day 1 600, N = 4 
6.24 

(6.05 т 6.77) 

5.5 

 (2.0 т 20.0) 

500.00 

(500.00 т 500.00) 

127.64 

(117.50 т 618.50) 

0.26 

(0.24 т 1.24) 

 1200, N = 4 
6.80 

(6.57 т 7.08) 

5.5 

(2.0 т 17.0) 

1387.00 

(500.00 т 6820.00) 

1794.26 

(263.33 т 3272.00) 

0.56 

(0.02 т 6.54) 

 1800, N =4 
6.47 

(6.22 т 6.53) 

5.5 

(1.0 т 10.0) 

1611.17 

(1511.98 т 8551.27) 

1188.00 

(39.17 т 15140.00) 

0.24 

(0.02 т 1.77) 

 2400, N = 3 
6.55 

(6.07 т 7.42) 

1.05 

(0.0 т 8.0) 

23573.07 

(4471.54 т 59856.90) 

14040.00 

(29.38 т 238300.00) 

1.01 

(0.00 т 3.98) 

Day 3 600, N = 4 
6.42 

(6.23 т 6.63) 

7.0 

(1.0 т 13.0) 

1335.73 

(500.00 т 1352.30) 

692.83 

(235.00 т 2843.33) 

0.52 

(0.47 т 2.13) 

 1200, N = 4 
6.41 

(5.63 т 7.02) 

4.5 

(0.5 т 10.0) 

7324.74 

(2452.70 т 9034.56) 

5762.00 

(715.00 т 46700.00) 

0.21 

(0.01 т 5.17) 

 1800, N = 3 
6.18 

(6.07 т 6.33) 

2.0 

(0.0 т 4.0) 

37470.05 

(7772.98 т 47985.20) 

3620.00 

(1540.00 т 5176.67) 

0.05 

(0.03 т 0.18) 

 2400, N = 4 
6.42 

(6.22 т 6.85) 

2.0 

(1.0- 17.0) 

125468.44 

(70498.70 т 213105.98) 

34985.44 

(335.00 т 92080.00) 

0.17 

(0.00 т 0.53) 

Table 4.3.3.2-1 Summary (median [range]) of FVP concentrations in plasma and tears, stratified by dose and study 
day with corresponding tear-to-plasma ratios, time post infusion and swab volumes. N ш number of participants 
with evaluable samples, C6-12 ш concentration at the 6-12 h post-completion of infusion timepoint.
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Distribution of Tears -to-Plasma FVP Ratios on Days 1 and 3, Stratified by Dose 

Figure 4.3.3.2-1 Box-and-whisker plots showing the distribution of tears:plasma FVP on Day 1 and Day 3, stratified by cohort
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4.3.3.3 Nasal Secretions 

Thirty-two nasal samples were collected, of which three were below the assay LLQ of 0.47 ng/sample (all 

from the 600 mg cohort). These were assigned ½ LLQ and normalised to ng/mL using the swab volumes, 

which ranged from 1.0 to 73.7 µL (median = 18.2 µL). FVP concentrations in nasal secretions increased 

with escalating dose and from Day 1 to Day 3 (Table 4.3.3.3-1). Median C6-12 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, median C6-12 FVP concentrations were 2454.68, 2247.47, 

7697.53 and 24905.50 ng/mL.  

The overall median (range) ratio of FVP in nasal secretions-to-plasma was 0.42 (0.03 т 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 representative 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 Mann-Whitney statistical testing (p=0.043).  
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FVP Concentrations in Nasal Secretions on Days 1 and 3 at 6 т 12 Hours Post-Completion of 

Infusion  

 

Day 
Dose 

(mg, BD) 

Time post 
infusion 

(h) 

Swab volume 
ы͓xь 

Plasma C6-12 

(ng/mL) 
Nasal C6-12 

(ng/mL) 
Nasal: plasma  

Day 1 600, N = 4 
6.17 

(6.03 т 6.32) 
8.4 

(2.3 т 15.8) 
500.00 

(500.00 т 500.00) 
537.63 

(26.11 т 3056.96) 
1.08 

(0.05 т 6.11) 

 1200, N = 4 
6.72 

(6.45 т 7.00) 
34.6 

(9.5 т 60.1) 
1387.00 

(500.00 т 6820.00) 
3723.48 

(971.58 т 10642.03) 
0.50 

(0.41 т 21.28) 

 1800, N =3 
6.37 

(6.18 т 6.48) 
28.8 

(1.1 т 39.8) 
1611.17 

(1511.98 т 8551.27) 
9308.79 

(2118.18 т 17396.76) 
1.07 

(0.65 т 11.19) 

 2400, N = 4 
6.51 

(6.10 т 7.32) 
27.4 

(4.8 т 48.4) 
23573.07 

(4471.54 т 59856.90) 

13766.73 
(770.23 т 43400.00) 

 

0.29 
(0.17 т 3.12) 

Day 3 600, N = 3 
6.43 

(6.15 т 6.57) 
6.9 

(1.0 т 26.9) 
1335.73 

(500.00 т 1352.30) 
2454.68 

(54.65 т 5084.21) 
1.84 

(0.11 т 3.80) 

 1200, N = 4 
6.48 

(6.17 т 7.05) 
21.6 

(14.9 т 73.7) 
7324.74 

(2452.70 т 9034.56) 
2247.47 

(1371.68 т 68048.98) 
0.57 

(0.03 т 1.03) 

 1800, N = 4 
6.13 

(6.12 т 6.30) 
18.2 

(2.4 т 41.8) 
37470.05 

(7772.98 т 47985.20) 
7967.53 

(4702.50 т 13005.74) 
0.17 

(0.10 т 0.24) 

 2400, N = 4 
6.33 

(6.17 т 6.70) 
17.6 

(4.0 т 32.0) 
125468.44 

(70498.70 т 213105.98) 
24905.45 

(5545.30 т 41542.50) 
0.18 

(0.03 т 0.52) 

Table 4.3.3.3-1 Summary (median [range]) of FVP concentrations in nasal secretions, stratified by cohort and 
sampling day.BD ш twice daily, C6-12 ш concentration at the 6-12 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 

Figure 4.3.3.3.-1 Box-and-whisker plots of nasal:plasma ratios from Day 1 to Day 3 for each dosing cohort
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4.3.4 Correlation Between 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 statistical testing. Values that were below the LLQ were 

excluded.  

Plasma and non-plasma concentrations were moderately and significantly correlated (Figure 4.3.4-1). 

Calculated r2 values were > 0.3 for saliva (r2 = 0.330), tears (r2 = 0.548) and nasal secretions (r2 = 0.650) 

with p <0.005 for all matrices (Figure 4.3.4-1).
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Correlation Plots for Plasma vs Saliva, Tears and Nasal Secretions  

 

 

 

 

 

 

 

 

 

 

Figure 4.3.4-1 Regression plots for log transformed a) plasma versus saliva, b) plasma versus tears and c) plasma versus nasal secretions. Red dotted line 
indicates 95% confidence interval. Rsqr т R squared/coefficient of determination, Std Error т standard error 

A B C 
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4.4 Discussion 

A total of 16 participants received IV FVP as part of the AGILE CST-6 clinical 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 the participants. Transient 

hyperuricaemia was observed in some participants, but this resolved upon completion of treatment and 

is a widely reported phenomenon in FVP treatment (Doi et al., 2020b; Shinkai et al., 2021; Koseki et 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 (4.3.2-1). As a result, accumulation of FVP was 

observed up to Day 5 in comparison to previous studies that have reported lower-than-expected 

concentrations on Day 3 or 4 following administration of a higher loading dose on Day 1 (Sissoko et al., 

2016; Wang et 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 Cmax and 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 non-plasma compartments were related to a target Ctrough of 24900 

ng/mL, equivalent to the in vitro EC90 for SARS-CoV-ΞШыΝΡΦШ͓~ьЮШÑőĲШ?ċǃШΟШƓƖĲ-dose (C0) was selected as 

it reflects trough concentrations of FVP (approximately 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% of participants achieved a Day 3 pre-dose (i.e. trough) plasma FVP concentration 

greater than the targeted EC90 of 24900 ng/mL. This study is limited by the collection of only a single 

trough sample (Day 3 pre-dose) and no pre-dose sample collection on Day 5. Additionally, samples for 

the 6 т 12 h window were all collected close to 6 h post dose, due to practicalities 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 Tmax was < 1 h. Three participants had substantially higher (> 2 h) Tmax on specific sampling 

days (005 Day 3, 022 Day 3 and 026 Day 1). For participant  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 Tmax. For participants 022 

and 026, the delayed Tmax could be suggestive of differences in drug absorption. These participants 

exhibit a plateau rather than a clear Tmax at 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 concentrations, or due to 

the timing of sample collection missing the true concentration peak, which may have occurred earlier 

between the 0 т 1 h timepoints. It is also a limitation that the bioanalytical method had a LLQ of 1000 

ng/mL, which is relatively high. Analysis 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 non-plasma compartments т primarily the nasal secretions and 

tears, and to a much lesser extent, saliva. Accumulation of FVP in non-plasma matrices is consistent 

with plasma in that the concentration of FVP increases with escalating doses and from Day 1 to Day 3 

and plasma and non-plasma matrices are significantly correlated. Generally, non-plasma-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 CST-6 are specifically designed to avoid contact bleeding seen with other nasal 

sampling techniques (Thwaites et 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.g. 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 TTS and 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 SAM strips before and after use with an assumed conversion 

ŸŉШΝШůŊШĤĲŔŰŊШĲƕƨċũШƣŸШΝШ͓xШƖĲƚƨũƣƚШŔŰШƚƨĤƚĲƕƨĲŰƣШŰŸƖůċũŔƚċƣŔŸŰШŉƖŸůШŰŊоƚċůƓũĲШċƚƚċǃШƖĲċĬŸuts to ng/mL 

containing a degree of inaccuracy. 

Interindividual variability was high across plasma and non-plasma matrices, which has been similarly 

observed in other clinical trials investigating FVP (Gulhan et al., 2022; Hayden et al., 2022; Hayden et al., 

2023b). Moreover, AGILE CST-6 involved very small participant  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 COVID-19 disease in the participants that may 

have altered their metabolism of the drug(Shen and Wang, 2021; Ceban et al., 2023). Furthermore, 

participant may have received other fluid infusions that may have contributed to the variability observed. 

Body weight has also been reported to effect FVP metabolism. Participants with body weight > 80 kg have 

been shown to have greater metabolism of FVP, indicated by high ratios of inactive FVP M1 to FVP 

(Hayden et al., 2023b). Half of the participants (8/16) had a body weight > 80kg and therefore could have 

relatively higher FVP metabolism than the other participants and this could have been a source of 

variability. Direct measurement of the M1 metabolite in the CST-6 study population could provide further 

insights into the interindividual variability in PK.  Finally, genetic polymorphisms in the AO gene (AOX1) 

could contribute to differences in FVP metabolism and variability in PK more broadly. There are reports 

of AOX1 variants that lead to altered drug metabolism (Hartmann et al., 2012; Ueda et 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 CST-6 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, F-RTP(Pertinez et al., 2021), resulting in improved antiviral activity 

(Chapter 6, 8). Exploratory virology assessments in the AGILE CST-6 study did not indicate that IV FVP 

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

change fƖŸůШĤċƚĲũŔŰĲШũŸŊЊЉШƻŔƖċũШũŸċĬШƽċƚШΦЮΤШŔŰШƣőĲШÉŸ9ШŊƖŸƨƓШċŰĬШΦЮΠШŔŰШƣőĲШféШ[éÂШŊƖŸƨƓЮШcŸƽĲƻĲƖЯШƣőĲШ

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

and baseline viral load, limited the feasibility of a detailed pharmacodynamic analysis. Day 3 Ctrough FVP 

in the 2400 mg cohort were in range of or exceeded the target of 24900 ng/ mL (SARS-CoV-2 EC90, 159 

͓~ьЯШċũũШŸƣőĲƖШĬŸƚĲƚШŔŰƻĲƚƣŔŊċƣĲĬШĬŔĬШŰŸƣШƖĲũŔċĤũǃШůĲĲƣШƣőŔƚШƣċƖŊĲƣЮШÑőŔƚШƣőĲƖĲŉŸƖĲШƚƨŊŊĲƚƣƚШƣőċƣШƓƖĲƻŔŸƨƚШ

studies utilising oral FVP for COVID-19, at lower doses than CST-6, may not have achieved plasma FVP 

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

concentration for FVP in COVID-19 treatment is somewhat difficult, as a wide range of EC50 values have 

been reported (61.88 т ΞΜΤЮΝШ͓~бШΦΤΜΜШт 32500 ng/mL), with limited evidence suggesting an EC90 as high 

ΡΜΜШ͓~ШыΤΥΡΜΜШŰŊоůxь(Choy et al., 2020; Hattori et al., 2020; Shannon et al., 2020; Wang et al., 2020b). 

It is therefore possible that the CST-6 trial target was too low to achieve an antiviral effect (Rowland, 

2025).   

In conclusion, attaining FVP concentrations in plasma above the EC90 target requires doses of 2400 mg 

BD. FVP penetrates matrices relevant to SARS-CoV-2 transmission, primarily the nasal secretions, tears 

and to a lesser extent, saliva. Interindividual variability is a persistent feature of FVP PK 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 -Ρќ-Triphosphate (F-
RTP) in Human Peripheral Blood Mononuclear 

Cells  
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5.1 Introduction 

Due to its  broad-spectrum activity, oral FVP has been investigated and utilised as a repurposed 

therapeutic for treatment of EVD during the 2014-2015 outbreak in West Africa and most recently to treat 

SARS-CoV-2 infection in Asia (Nguyen et al., 2017; Du and Chen, 2020b). 

While early clinical studies indicated oral FVP to be efficacious in individuals with mild to moderate 

COVID-19 disease (Shinkai et al., 2021; Udwadia et al., 2021; Chuah et 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, 251 participants were randomised to receive FVP plus SoC with a further 248 

participants receiving SoC only. Participants in the FVP arm received 1800 mg BD on day 1 on treatment, 

followed by 800 mg BD for a further 9 days. The trial concluded that there was no significant difference 

in time to recovery between participants who received FVP and those who received SoC alone. Post-hoc 

analysis indicated there may be faster recovery in participants below 60 years of age, but use of FVP 

should be with caution until further data becomes available (Shah et 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. Indeed, in vitro evidence implies that higher doses may be 

required to effectively treat SARS-CoV-2. The use of a novel IV 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 (F-RTP), resulting in more 

pronounced efficacy. 

The complex, non-linear PK of FVP and wide ranging EC50 adds difficulty to identifying the appropriate 

dosing regimen for emerging infectious diseases such as COVID-19.  For SARS-CoV-2, the reported EC50 

of FVP ranges from 62 to over 500 µM (10000 to > 78000 ng/mL) (Marlin et al., 2022). Given that FVP is 

approximately 54% protein bound, studies investigating FVP for the treatment of COVID-19 have targeted 
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a Cmin of 20000 ng/mL(Hayden et al., 2023b). Variability in FVP PK has  been observed across animal 

species, with day 7 average plasma concentrations 19 т 54% lower in Mauritian cynomolgus macaques 

compared to Chinese cynomolgus macaques (Madelain 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 Japan (Madelain et 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 outcomes (Sissoko et 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 causes (Nguyen et al., 2017). 

To assist with appropriate dose selection for COVID-19, it would be beneficial to ascertain in vivo 

concentrations of F-RTP at the site of action, within respiratory tissues. Cell types that may be of special 

interest are cells of the sinonasal airway epithelium, alveolar type II (ATII) cells, alveolar epithelial cells, 

and bronchial epithelial cells, the primary targets of SARS-CoV-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 tract (Du 

and Chen, 2020a). As F-RTP is formed in PBMC (Agency, 2014), quantitative measurements in PBMC may 

serve as a surrogate for intracellular F-RTP tissue exposures at the site of action (e.g. in lung tissue). 

There are limited in vivo human PK data for F-RTP. The reported terminal half-life (t1/2) of F-RTP 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 F-RTP in the tissue (Agency, 2014). 

The AGILE CST-6 trial (EudraCT 2020т001860т27) investigated multiple ascending doses of FVP given IV 

to hospitalised participants with PCR confirmed COVID-19. IV FVP was infused for 1 h every 12 h for 7 

days, and PBMC samples were collected between 6 т 12 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 LC-MS/MS method for quantification of F-

RTP in PBMC in participants receiving IV FPV as part of the AGILE CST-6 clinical trial. 

5.2 Literature Review 

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 no articles found for the quantification 

of F-RTP by LC-MS/MS. Using the search terms џƣƖŔƓőŸƚƓőċƣĲЮӂЮÂ7~9ЮӂЮx9~ÉѠЮvia PubMed generated a 

total of 26 results. Two were excluded as irrelevant (not LC-MS/MS method validation articles) and two 

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

The remaining 22 articles (Table 5.2-1) 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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Author  Year Analyte Direct/Indirect  Chromatography  MS Ionisation Mode 

Fang & Licea-Perez 
(Fang and Licea-
Perez, 2023) 

2023 GSK-1 triphosphate 
GSK-1 diphosphate 

Indirect C18 Positive 

Parsons et al. 
(PARSONS ET AL., 
2021) 

2021 -͉D-N4-hydroxycytidine (NHC) 
triphosphate 

Direct C18 Negative  

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

2019 -͉decitabine mono-, di- and 
triphosphate 

Direct Silica Positive 

Sun et al. 
(Sun et al. , 2019) 

2019 MK-8592 triphosphate 
MK-8591 diphosphate 

Direct Anion Exchange Positive/Negative 

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

2015 5-fluorouridine-Ρ-̔
triphosphate (FUTP),  

5-fluoro-Ξ-̔deoxyuridine-Ρ-̔
triphosphate (FdUTP)   

5-fluoro-Ξ-̔ĬĲŸǂǃƨƖŔĬŔŰĲШΡ҅-
monophosphate (FdUMP) 

Direct Anion Exchange Negative 

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

2015 Ribavirin mono-, di- and 
triphosphate 

Indirect C30 Positive 

KamĨeva et al. 
ыuċůĨĲƻċ et al. , 
2015) 

2015 Gemcitabine triphosphate Direct Porous Graphitic 
Carbon 

Positive/Negative 
switch (segmented) 

Huang et al.  
(Huang et al. , 2013) 

2013 Fludarabine triphosphate Direct Porous Graphitic 
Carbon 

Negative 



161 
 

Author  Year Analyte  Direct/Indirect  Chromatography  MS Ionisation Mode 

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

2012 Lamivudine triphosphate Direct C18 (with ion-pairing) Positive 

      

Pruvost et al.  
(Pruvost et al. , 2008) 

2008 Carbovir triphosphate 
Lamivudine triphosphate 
Tenofovir diphosphate 

Direct Octadecyl-bonded 
Polymer C18 

Positive 

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

2007 Zidovudine mono- and 
triphosphate 

Direct Octadecyl-bonded 
Polymer C18 

Positive 

King et al. 
(King et al. , 2006) 

2006 Tenofovir diphosphate Indirect Ether-linked phenyl Positive 

Lee et al. 
(Lee et al. , 2006) 

2006 2'-fluoro-5-methyl-beta-l-
arabinofuranosyl uracil 

triphosphate 

Direct C18 (with ion-pairing) Negative 

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

2006 Gemcitabine triphosphate Direct Anion exchange Negative 

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

2005 Tenofovir diphosphate 
Carbovir triphosphate 

Lamivudine triphosphate 

Direct C18 (with ion-pairing) Positive 

Wang et al. 
(Wang et al., 2004) 

2004 Emtricitabine triphosphate Direct C18 (with ion-pairing) Positive 
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Author  Year Analyte  Direct/Indirect  Chromatography  MS Ionisation Mode  

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

2002 Zidovudine triphosphate Direct Octadecyl-bonded 
Polymer C18 

Negative 

Shi et al.  
(Shi et al. , 2002) 

2002 2',3'-didehydro-2',3'-dideoxy-
5-fluorocytidine (D4FC) 

triphosphate 

Direct Anion exchange Negative 

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

2001 Stavudine triphosphate Direct C18 (with ion-pairing) Negative 

Chi et al. 
(Chi et al. , 2001) 

2001 Thymidine triphosphate Direct C8 Negative 

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

2000 Zidovudine triphosphate 
Lamivudine triphosphate 
Stavudine triphosphate 

Direct C18 (with ion-pairing) Negative 

Rodriguez et al. 
(Rodriguez et al. , 
2000) 

2000 Lamivudine triphosphate 
Zidovudine triphosphate 

Indirect C18 Positive 

Table 5.2-1 Table of reviewed articles for nucleoside/tide triphosphate quantification in PBMC. MS ш mass spectrometer
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5.2.1 Extraction Procedure 

Seventeen methods of the 22 quantified the NTP moiety directly (Chi et al., 2001; Pruvost et al., 2001; 

Becher et al., 2002; Shi et al., 2002; Wang et al., 2004; Hawkins et al., 2005; Lee et al., 2006; Veltkamp et 

al., 2006; Compain et al., 2007; Pruvost et al., 2008; Else et al., 2012; Huang et al., 2013; Derissen et al., 

ΞΜΝΡбШuċůĨĲƻċ et al., 2015; Roosendaal et al., 2019; Sun et al., 2019; Parsons et al., 2021), compared 

with five methods that used indirect measurement via derivitisation/dephosphorylation and 

quantification of the parent analyte (Moore et al., 2000; Rodriguez et al., 2000; King et al., 2006; 

Jimmerson et al., 2015; Fang and Licea-Perez, 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 clean-up to remove salts 

and buffers used in the previous SPE and enzymatic steps. Direct methods involve quantifying 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 methods are limited due to sample preparation being labour-intensive 

and time consuming, owing to the three stages required (fractionation, dephosphorylation, de-salting) 

prior to LC-MS/MS analysis. This in turn leads to lower sample throughput, and more variable drug 

recovery with loss of analyte potentially occurring during each step (Gautam et al., 2020). 

Direct quantification of NTP was most commonly performed, including direct injection (Chi et al., 2001; 

Pruvost et al., 2001; Becher et al., 2002; Compain et al., 2007; Pruvost et al., 2008; Huang et al., 2013; 

Derissen et al., 2015; Roosendaal et al., 2019; Parsons et al., 2021), SPE  (Wang et al., 2004; Hawkins et 

al., 2005) and protein precipitation using a variety of solvents such as 60% MeOH, perchloric acid and 

CAN (Shi et al., 2002; Lee et al., 2006; Veltkamp et al., 2006; Else et al.ЯШΞΜΝΞбШuċůĨĲƻċ et al., 2015; Sun 

et al., 2019). 
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SPE offers the most thorough sample clean-up when compared to either direct injection or protein 

precipitation (Siqueira Sandrin et 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 favourable to the mass spectrometer (Poole, 2002).Two direct 

quantitation methods utilised SPE with ion-pairing (Hawkins et al., 2005) and anion exchange(Wang et 

al., 2004).  

5.2.2 Separation Method/Mobile Phase 

For the direct measurement of NTP, eleven methods reported use of reverse phase chromatography with 

C18 columns (Chi et al., 2001; Pruvost et al., 2001; Becher et al., 2002; Wang et al., 2004; Hawkins et al., 

2005; Lee et al., 2006; Compain et al., 2007; Pruvost et al., 2008; Else et al., 2012; Roosendaal et al., 

2019; Parsons et al., 2021). Six of the methods used C18 columns coupled with ion-pairing reagents, such 

as dimethylhexylamine; DMHA (Pruvost et al., 2001; Becher et al., 2002; Lee et al., 2006; Compain et al., 

2007; Pruvost et al., 2008; Else et al., 2012). Ion-pairing reagents can cause methodological problems 

such as poor column longevity, peak shifts and ion suppression (Huang et al., 2013). A further four 

reports utilised anion exchange chromatography (Biobasic AX columns [ThermoFisher])(Shi et al., 2002; 

Veltkamp et al., 2006; Derissen et al., 2015; Sun et 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 (PGC) stationary phases (Huang et al.ЯШΞΜΝΟбШuċůĨĲƻċ et al., 2015). PGC offers excellent 

separation for very polar analytes (Ayrton et al., 1995) and importantly for phosphorylated compounds, 

separation of components that are structurally related.  
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For indirect methods, Rodriguez et al. (2000), Fang and Licea-Perez (2023) and Moore et al. (2000) utilised 

C18 separation for the detection of the parent analyte following dephosphorylation. One method used C30 

separation (Jimmerson et al., 2015), whilst the final method used ether linked phenyl chemistry (King et 

al., 2006). The ether linked phenyl phases offer improvements over traditional C18 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 used (Pruvost 

et al., 2001; Becher et al., 2002; Lee et al., 2006; Compain et al., 2007; Pruvost et al., 2008; Else et al., 

2012; Parsons et al., 2021), followed by ammonium acetate (Shi et al., 2002; Veltkamp et al., 2006; 

Huang et al., 2013; Derissen et al., 2015; Roosendaal et al., 2019; Sun et 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 

H2O (mobile phase A) and a solvent, either MeOH (Rodriguez et al., 2000) or ACN (King et al., 2006; 

Jimmerson et 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 Licea-Perez, 2023) or ammonia solution (Moore et al., 2000). 

5.2.3 Mass Spectrometer Parameters  

Eight of the direct quantitation methods operated the mass spectrometer in negative ionisation mode 

(Chi et al., 2001; Pruvost et al., 2001; Becher et al., 2002; Lee et al., 2006; Veltkamp et al., 2006; Compain 

et al., 2007; Derissen et al., 2015). Seven methods utilised positive ionisation mode (Shi et al., 2002; 

Wang et al., 2004; Hawkins et al., 2005; Pruvost et al., 2008; Else et al., 2012; Roosendaal et al., 2019; 

Parsons et al., 2021) whilst a further two methods used a combination of positive and negative mode 

ыuċůĨĲƻċ et al., 2015; Sun et al., 2019).  
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Achieving optimum ionisation of phosphorylated metabolites can be challenging, with reports of 

interfering peaks when using negative ionisation mode (Sun et al., 2019). This is potentially the result of 

endogenous nucleoside triphosphates, such as deoxycytidine triphosphate in the analysis of D4FC-

triphosphate (Shi et al., 2002). Using negative ionisation mode also generates the pyrophosphate ion 

(m/z 159), which is a non-specific product ion present in all di- and triphosphorylated nucleoside analogs 

(Strzelecka et 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 sensitivity(Shi et al., 2002; Sun et al., 2019). It is therefore important to consider both 

positive and negative ionisation mode during assay development, to establish the optimum sensitivity 

and product ions for phosphorylated compounds.  

Indirect quantitation methods (Moore et al., 2000; Rodriguez et al., 2000; King et al., 2006; Jimmerson et 

al., 2015; Fang and Licea-Perez, 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 and Cell Number 

Of the reviewed methods, the concentration units and cell count used for the standards and QCs 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 methods, standards were prepared in 

cell lysate with on-column cell counts ranging from 1 to 10 million cells per sample. Calibration ranges 

were expressed in either ng or molar units, such as pmol or fmol, per number of cells depending on the 

analyte of interest.  
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5.2.5 Starting Conditions 

9ŸŰƚŔĬĲƖŔŰŊШƣőĲШƖĲƻŔĲƽĲĬШũŔƣĲƖċƣƨƖĲШċŰĬШƣőĲШũċĤŸƖċƣŸƖǃќƚШƓƖĲƻŔŸƨƚШĲǂƓĲƖŔĲŰĦĲШŔŰШƕƨċŰƣŔŉǃŔŰŊШ ÑÂШŉƖŸůШ

PBMC and dried 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 AX҂ column (50 x 1mm , 5 µm) and mobile phases of 10 mM ammonium acetate-

ACN (70:30, v/v; pH 5.5) and 20 mM ammonium acetate-ACN (70:30, v/v pH 10.5)(Thompson et al., 

2023).  

5.3 Materials and Methods 

5.3.1 Chemicals 

F-RTP Sodium Salt and the IS, tenofovir-d6-diphosphate (TFV-d6-DP), were purchased from Toronto 

Research Chemicals, Ontario, Canada. An Avidity Duo system (Avidity Science, Buckinghamshire, UK) 

supplied ultra-ƓƨƖĲШыΝΥШӎьШH2O. Ammonium 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 drug-free whole blood obtained from the 

National Health Service Blood and Transplant service (Liverpool, UK). Ethical 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 heated hESI source 

(AB Sciex, Framingham, MA, USA). Column oven and autosampler temperatures were set at 40°C and 

4°C, respectively. A ThermoFisher Biobasic AX҂ 50 x 1 mm, 5 µm 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 PBMC Isolation for Standard and Quality Control Samples 

For the preparation of standards and QC samples, PBMC were isolated from drug-free 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) was carefully 

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 into a clean 50 mL Falcon tube 

ƨƚŔŰŊШċШÂċƚƣĲƨƖШƓŔƓĲƣƣĲЮШfĦĲШĦŸũĬШcċŰťƚќШĤċũċŰĦĲĬШƚċũƣШƚŸũƨƣŔŸŰШыc7ÉÉбШ~ĲƖĦťьШƽċƚШċĬĬĲĬШƣŸШċШŉŔŰċũШ

volume of 50 mL and tubes centrifuged at 671 x g for 5 min. Supernatant was discarded before 

reconstitution of the pellet in 10 mL of HBSS and cell counting using a NucleoCounter® NC-200҂ 

automated cell counter. Tubes were re-centrifuged at 671 x g for 5 min and supernatant was discarded. 

In order to lyse the cells, the pellet was resuspended in 477.5 mL of MeOH- H2O (70:30, v/v) to obtain a 

final cell count of 2 x 106 cells/mL (total cell count 954,750,000). 

5.3.4 Standard and Quality Control Preparation 

F-RTP Sodium Salt stock powder was diluted in MeOH-0.5% formic acid in H2O (95:5, v/v) to a final 

concentration of 950 µM. Intermediate solutions were prepared by dilution of the stock solution in 

MeOH- H2O (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, 2519 and 1194 nM. Intermediate 

solutions were spikeĬШŔŰƣŸШĦĲũũШũǃƚċƣĲШыΞΜШ͓xШŔŰƣŸШΝШůxШĦŸŰƣċŔŰŔŰŊШΞШǂШΝΜ6 cells) to produce a calibration 

curve with the following concentration levels: 2280, 1140, 800, 600, 400, 240, 70, 48, and 24 

pmol/sample (1 mL containing 2 x106 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 

quantification QCs, respectively. 

IS stock solution was made to a concentration of 2 mM by diluting 1 mg of TFV-d6-DP in 900 µL of H2O. 

Working IS solution was made by diluting the stock 1 in 100 with MeOH- H2O (70:30, v/v) to a final 

concentration of 20 µM. 

An on-column cell count of 2x106 cells/sample was used and F-RTP concentrations expressed as nM 

then converted to pmol/106 cells using the sample cell count provided by the investigator site.  

5.3.5 Extraction Procedure 

The volume of PBMC lysate used was calculated so that the on-column sample contained 2 x 106 

cells/mL. For the standards and QCs, this equated to 1 mL. To all samples, 1 mL of ACN containing 2% 

formic acid was added, followed by 20 µL of IS (TFV-d6-DP, 20 µM). Samples were vortex mixed and 

centrifuged at 2688 x g. SPE cartridges were conditioned with 1 mL of 100% MeOH and centrifuged for 1 

minute at 377 x g. The SPE cartridges were further conditioned with H2O -MeOH-formic acid (73:25:2, 

v/v/v) 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 cartridges were 

washed with 1 mL of deionised water, followed by MeOH-H2O (50:50, v/v). Finally, the cartridges were 

removed into clean borosilicate tubes before elution with 1 mL of ACN- H2O -ammonium hydroxide 

(73:25:2, v/v/v). Eluate was dried under nitrogen flow overnight at ambient temperature and 

reconstituted in 200 µL of MeOH-H2O (70:30, v/v). 

5.3.6 LC-MS/MS Conditions 

F-RTP and TFV-d6-DP were tuned on an AB Sciex 5500 triple quadrupole mass spectrometer. Solutions 

of 1 µM were prepared of each compound in MeOH- H2O (50:50, v/v). The solutions were directly infused 

into the source to allow for optimisation of the parameters for the first quadrupole (Q1) т 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 Q3 т collision energy (CE) and cell exit potential (CXP). Following this, a flow injection 

analysis (FIA) was performed to optimise the source temperature, voltage and gas flows. An aqueous 

sample with F-RTP (50 µM) and TFV-d6-DP (20 µM) in MeOH- H2O (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 5.6.1-1.  

A ThermoFisher Biobasic AX҂ column (5 µm; 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 0.25 µL/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 re-equilibrate the column at more acidic pH, for a total run time of 12 min. The column 

conditioning step with low %B is essential for retention of the analyte on the Biobasic҂ column.  

5.4 Validation Methodology 

Method validation was conducted considering guidance from European Medicines Agency (EMA; 2012) 

and US Food and Drug Administration (FDA; 2018) guidelines(EMA, 2012; FDA, 2018a). Matrix and 

recovery experiments were performed as detailed by Matuszewski et al.(Matuszewski et al., 2003). 

Although the International Council of Harmonisation of Technical Requirements for Pharmaceuticals for 

Human Use (ICH) M10 guidelines are now in use for bioanalytical method validation, the experiments 

detailed were conducted during a phase between the ICH M10 being published and prior to adoption of 

the guidelines by our laboratory.  
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5.4.1 Precision and Accuracy 

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% of the nominal concentration, or 20% for LLQ.  

5.4.2 Matrix and Recovery  

Matrix and recovery were both established using methods described by Matuszewski et al (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 106 cells/mL. Extracted LQC, 

MQC and HQC samples were prepared (n =6) alongside a further six of each QC level prepared by spiking 

of F-RTP into final reconstitution solution (MeOH- H2O, 70:30, v/v) and into extracted blank PBMC. For 

recovery, the peak area response of the non-extracted (aqueous) samples was compared to that of 

samples pre-spiked with F-RTP prior to extraction. The matrix effect was assessed by comparing the peak 

area response of non-extracted QCs in reconstitution solution to that of F-RTP spiked into blank PBMC 

extract at each QC level (post-extraction 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 Stability т Clinical Samples  

The stability of F-RTP in liquid whole blood prior to PBMC isolation was established using incurred 

samples. Participants enrolled onto the CST-6 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 CST-6 trial CPT sample. The first tube (t = 0h; control) 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 at -80°C. The second 



172 
 

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 at -80°C. 

Control and stability samples were analysed together on the same calibration curve and the percentage 

difference of the calculated concentration (pmol/106 cells) was evaluated. Reinjection reproducibility 

was determined by re-injection of an accepted precision and accuracy experiment after 24 h storage in 

the autosampler at 4°C. Testing is ongoing to establish the long-term stability of F-RTP in spiked PBMC 

lysate. 

5.4.4 Carryover 

Carryover was assessed by examining the analyte response in the blanks following the highest standard 

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 from participants on the CST-6 trial in CPT for the isolation of 

PBMC on days three and five between 6- and 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 of MeOH- H2O (70:30, v/v) before 

storage at -80°C until analysis. At the time of LC-MS/MS analysis, a given volume of PBMC lysate was 

taken to achieve an on-column count of 2 x106 cells and extracted as described above. Where cell counts 

were below 2 x 106 cells/mL, the entire sample was used (1 mL). 
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5.6 Results 

5.6.1 LC-MS/MS Conditions 

Negative ion mode using MRM was used for the detection of F-RTP (Table 5.6.1-1). Two m/z transitions 

were initially monitored for F-RTP т ΡΞΤЮΦШӛШΞΤΞЮΥШċŰĬШΡΞΤЮΥΣΞӛШΠΟΜЮΜ. However, we observed non-

linearity of the calibration curve when using the product ion m/z 430.0 and therefore the validated 

ůĲƣőŸĬШƨƣŔũŔƚĲĬШΡΞΤЮΦШӛШΞΤΞЮΥЮШThe TFV-d6-?ÂШƣƖċŰƚŔƣŔŸŰШůŸŰŔƣŸƖĲĬШƽċƚШΠΡΝЮΦΠΥШӛШΟΡΠЮΜЮ 

F-RTP eluted from the column at 1.57 min and TFV-d6-DP eluted at 1.60 min, at 90% mobile phase B. 

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

sample are shown in Figure 5.6.1- 1. 

Previous experiments in our laboratory (Thompson et al., 2023) determined that a pre-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 re-equilibration 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  

Parameter  F-RTP TFV-d6-DP 

Mass transition (Da)  ΡΞΤЮΦӛΞΤΞЮΥ ΠΡΝЮΦӛΟΡΠЮΜ 

Collision Energy (V) -38 -30 

Spray Voltage (ISV) -4500 -4500 

Vaporizer Temperature (TEM°C) 500 500 

Ion Source Gas 1 (GS1) 50 50 

Ion Source Gas 2 (GS2) 50 50 

Collision Gas (CAD) 8 8 

Curtain Gas (CUR) 30 30 

Table 5.6.1-1 Summary of mass spectrometer parameters for F-RTP in PBMC. F-RTP ш favipiravir ribofuranosyl 
triphosphate, TFV-d6-DP ш tenofovir-d6-diphosphate 
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Figure 5.6.1-1 F-RTP chromatograms from extracted PBMC samples: A) double blank sample (no IS); B) blank with 
IS; C) LLOQ and IS; D) participant sample (186.4 pmol/106 cells) and IS 

F-RTP TFV-d6-DP 
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5.6.2 Precision and Accuracy 

The method was found to be both precise and accurate, with inter- and intra-assay assessments within 

± 20% for the LLQ QC and within ± 15% of the nominal concentrations for LQC, MQC and HQC samples 

(Table 5.6.2-1). Quadratic 1/x2 regression was utilised to produce the best fit for the concentration-

detector response, with an average correlation coefficient (r2) of 0.99511 (n=3). 
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Precision and Accuracy of the Method for Quantitation of F -RTP in PBMC 

 
LLOQ 

 (24 pmol/sample)  

LQC 

 (55 pmol/sample)  

MQC  

(700 pmol/sample)  

HQC 

 (1300pmol/sample)  

Mean SD CV 

(%) 

Bias 

(%) 

Mean SD CV 

(%) 

Bias 

(%) 

Mean SD CV 

(%) 

Bias  

(%) 

Mean SD CV  

(%) 

Bias 

 (%) 

Inter -day 25.02 2.38 9.51 -1.44 54.85 5.28 9.63 4.79 682.97 67.86 9.94 3.99 1274.91 83.76 6.57 2.10 

Intra -day 24.28 0.62 2.54 1.16 56.95 1.06 1.87 3.54 718.36 12.77 1.78 2.62 1316.64 19.95 1.52 1.28 

Table 5.6.2-1 Summary of precision and accuracy validation experiments performed to validate the assay for quantitation of F-RTP in PBMC. LLOQ ш lower limit of 
quantitation, LQC ш low quality control sample, MQC ш medium quality control sample, HQC ш high quality control sample, SD ш standard deviation, CV ш coefficient 
of variation, pmol - picomole
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5.6.3 Recovery and Matrix Effect 

Matrix effect, recovery and process efficiency were assessed using LQC, MQC and HQC samples 

(n =6). The results are presented in Table 5.6.3-1. 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 5.6.3-1). The calculated RE 

and PE are also consistent with similar methods, such as that reported for detection of ribavirin 

triphosphate in PBMC (Jimmerson et al., 2015). 

Matrix Effect and Recovery of F-RTP from PBMC 

Nominal QC 

Concentration 

(pmol/sample)  

Mean peak area ratio ME (%) Ext RE (%) PE (%) 

A B C B/A C/B C/A 

55 0.06 0.05 0.02 88.5 42.0 37.1 

700 0.72 0.60 0.23 82.8 38.3 31.7 

1300 1.49 1.17 0.44 78.9 37.4 29.5 

Table 5.6.3-1 Results of matrix and recovery validation experiment for F-RTP in PBMC. ME ш matrix effect, 
RE ш recovery, PE ш process efficiency, pmol - picomole 

5.6.4 Stability 

The stability of F-RTP was evaluated using a total of four sample pairs collected from three 

participants enrolled on AGILE CST-6 receiving IV FPV (600 mg) on day 3 or day 5. F-RTP was found 

to be unstable in liquid whole blood collected in CPT, when left at ambient temperature for 

approximately 1 h (Table 5.6.4-1). The % decrease in F-RTP concentration was variable and was 

on average (range) 61% (17-85%). Extracted samples reinjected after 24 h in the autosampler 

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

Table 5.6.4-1 Summary of stability experiment results. The [F-RTP] 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 F-RTP; assigned a value of ½ LLQ. D3 ш Day 3, D5 ш Day 5, Min ш minimum, 

Max ш maximum, St Dev ш standard deviation, CV ш coefficient of variation, pmol/106 ш picomole per million 

cells 

 

5.6.5 Carryover 

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

blanks following the ULQ (Table 5.6.5-1).  

Sample 

ID 

Collection 

Day 

Time post infusion (h)  Sample 

Type 

F-RTP 

concentration 

(pmol/10 6 cells)  

% 

decrease  

1 D3 6.05 
Control 157.1 

17% 
Stability 131.0 

1 D5 6.25 
Control 127.9 

85% 
Stability 18.9 

6 D3 6.50 
Control 65.2 

82% 
Stability 12.0* 

12 D5 6.27 
Control 50.0 

59% 
Stability 20.4 

 

 Min 17% 

 Max 85% 

 Mean 61% 

 St Dev 0.31 

 CV% 51.68 
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Carryover of F-RTP in Blank Samples 

Blank Number  Area of ULQ Area of Blank Area of LLQ Carry over  
(% of LLQ) 

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 5.6.5-1 Carryover of F-RTP from ULQ to extracted blank samples. ULQ ш upper limit of quantitation, 
LLQ ш lower limit of quantitation 

5.6.6 Clinical Application  

Figure 5.6.1-1 depicts a chromatogram from an extracted PBMC sample from a participant  

receiving IV FVP (600 mg BD, Day 3, 186.4 pmol/106 cells). All of the samples collected for the 

600mg cohort were quantifiable, with F-RTP concentrations on day 3, collected between 6 and 

12 h post first IV FVP infusion, ranging between 60.6 т 186.4 pmol/106 cells. The full dataset from 

the CST-6 trial is presented in Chapter 6.  
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5.7 Discussion 

A selective, accurate and precise LC-MS/MS method has been developed for the measurement 

of F-RTP in human PBMCs. To the best of our knowledge, this is the first report of a method for 

quantifying F-RTP 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 time-consuming 

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 most abundant product ion. Several 

attempts were made to establish this method in positive ESI mode, however F-RTP signal was of 

poor intensity during tuning and completely absent during analysis of extracted samples. This 

phenomenon has been noted for triphosphate 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 mode (Xiao et al., 2018). Given 

that FVP has a higher number of ring nitrogen molecules than amino-associated nitrogen 

molecules, this phenomenon may explain the poor signal seen for F-RTP fragmentation in 

positive ionisation mode compared to negative ionisation mode. Our method therefore 

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 interconversion between mono-, 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 F-RTP 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 samples than described here. The 

HQC was set at a concentration of 1300 pmol/2x106 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 such a requirement. The QC samples were 

continuously monitored throughout the validation and beyond, with no observed precision or 

accuracy concerns. Similarly, despite efforts to procure F-RTP SIL-IS (F-RTP-13C5), the synthesis 

also proved difficult for multiple commercial providers. Our method therefore uses TFV-d6-DP 

as this was the only phosphorylated IS that was readily available at the time of validation. It is 

anticipated that substitution of TFV-d6-DP with F-RTP-13C5 could offer improvements in assay 

robustness and matrix effect, and it is the intention to incorporate an F-RTP SIL as and when this 

becomes commercially available (Chapter 7). 

A single source of whole blood was used to isolate and lyse PBMC for standard/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. Freeze/thaw 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 application of this method. More detailed data 

regarding the stability of F-RTP will be sought in the future, as the application of the method 

increases.  

Clinical samples from the AGILE CST-6 cohort were analysed using pmol/sample calibration 

curve and F-RTP concentrations expressed as pmol/106 cells using the cell counts provided by 
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the trial laboratory. An on-column cell count of 2 x 106 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 cases, the cell count of the clinical sample was such that the entire 

ƚċůƓũĲШƽċƚШĲǂőċƨƚƣĲĬШƣŸШŸĤƣċŔŰШƣőĲШĤĲƚƣШљŸŰ-ĦŸũƨůŰњШĦĲũũШĦŸƨŰƣШċŰĬШƣőĲƖĲŉŸƖĲШŸƓƓŸƖƣƨŰŔƣŔĲƚШƣŸШ

perform ISR were extremely limited. 

Our initial stability data from the three CST-6 participants who provided paired blood samples 

suggest that F-RTP is unstable in whole blood left at room temperature in CPT. We observed 

significant degradation of F-RTP in 1 h of up to 85%, which reinforces the requirement for 

immediate processing of PBMC samples at clinical sites. Phosphorylated metabolites are 

unstable in the extracellular environment due to degradation by phosphatases(Schauer et al., 

2018), which limits the use of extracellularly spiked samples to infer F-RTP stability in biological 

matrices. Assessing the stability of F-RTP using incurred whole blood collected from participants 

allowed for more accurate representation of the intracellular metabolite, rather than direct 

spiking of extracellular F-RTP solution into whole blood or PBMC lysate. However, this resulted 

in only a small number of samples available to assess F-RTP stability. Evaluation of the stability 

of F-RTP in whole blood CPT was an essential step in determining the appropriate processing 

window for the trial and for future cohorts. Participants on the CST-6 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 the participantќƚШ ĤĲĬƚŔĬĲШ ƣŸШ ƣőĲШ

processing laboratory in time. CPT samples for the CST-6 trial were all processed within 30 

minutes from blood being drawn. Further investigations are needed to determine the extent of F-

RTP degradation within this timeframe.  

It is unknown whether F-RTP 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 between specimen collection and 

centrifugation (Xiao et al., 2018).  

Further work is ongoing to quantify F-RTP in dried blood spots (DBS). Results of these 

experiments may shed further light on enzymatic degradation of F-RTP in whole blood, as 

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

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

provide additional insights on the stability of F-RTP. 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 anti-tuberculosis agents 

(McCallum et al., 2020), and could provide a more localised picture of FVP ċŰĬШŔƣƚШƣƖŔƓőŸƚƓőċƣĲќƚШ

distribution in target tissues for SARS-CoV-2.  

In conclusion, an LCтMS method has been optimized and validated for quantification of F-RTP in 

human PBMC. The assay was successfully used to quantify F-RTP in clinical samples obtained 

from participants enrolled on the AGILE CST-6 clinical trial (Chapter 6).  
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Pharmacokinetics of Favipiravir 
Ribofuranosyl -Ρќ-Triphosphate in Human 

Peripheral Blood Mononuclear Cells  
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6.1 Introduction 

FVP is a prodrug that is metabolised intracellularly into the active F-RTP. Conversion of FVP to F-

RMP occurs in a single step via the hypoxanthine-guanine phosphoribofuranosyl transferase 

enzyme (HGPRT) (Figure 6.1-1), albeit inefficiently (Naesens et al., 2013). Cellular kinases 

convert F-RMP to the active F-RTP (Furuta et al., 2005; Smee et al., 2009). 

Enzymatic Pathway for Conversion of FVP to F-RTP  

6.1-1 Postulated route of FVP conversion to F-RTP (adapted from(Furuta et al., 2005)). F-RMP ш favipiravir 
ribofuranosyl monophosphate, F-RTP ш favipiravir ribofuranosyl triphosphate 

It is unclear whether there is an intermediate diphosphate form between F-RMP and F-RTP; both 

the mono- and triphosphorylated forms have been detected in cell lysate from in vitro 

experiments, with diphosphate remaining undetectable (Furuta et al., 2005; Smee et al., 2009). 

It is also possible that once formed, F-RDP is rapidly phosphorylated to F-RTP, hence remaining 

undetectable. The specific antiviral activity of F-RTP was confirmed during drug development, 

with no antiviral activity observed against influenza for FVP ribofuranose (F-R) or F-RMP even at 
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ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШΞΜΜШ͓ůŸũоx(PMDA, 2014). Within cells of the respiratory system, F-RTP 

competes with endogenous purine nucleotides, especially guanosine-Ρќ-triphosphate (GTP) and 

to a lesser extent, adenosine-Ρќ-triphosphate (ATP)(Jin et al., 2013). In vitro experiments revealed 

that addition of adenine, guanine, adenosine or guanine inhibited the antiviral activity of FVP, 

reducing production of F-RTP (Kiso et al., 2010). Viral RdRp misidentifies F-RTP 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 nsp14 exonuclease (ExoN) that provides 

post-replication error repair to the large genome, complicates the use of nucleoside analogs. 

Nsp14 has been shown to remove certain analogs after their insertion into 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 mechanisms (Shannon et al., 2020). Sequence analysis 

performed on influenza viral RNA following exposure to FVP demonstrated an increase in G ӛ A, 

C ӛ T and C ӛ U transition mutations (Furuta et al., 2017) and similar mutation patterns were 

observed in Vero cells infected with SARS-CoV-2 incubated with 500 µM FVP (Shannon et al., 

2020). This adds further pressure to the nucleotide content of the SARS-CoV-2 genome, which is 

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

 Several in vitro experiments have investigated F-RTP formation intracellularly. F-RTP appears to 

accumulate rapidly in multiple cell types (Vero, PBMC, HeLa, Huh) after incubation with FVP with 

maximum levels achieved by 9 h and maintained for up to 24 h (Smee et al., 2009). Following 

removal of FVP from cell media, intracellular F-RTP levels were maintained for approximately 2 h 

before beginning to decline with a calculated mean half-life of 5.6 h (Smee et al., 2009). F-RTP 

likely has a longer intracellular half-life than this calculation, due to the lag between 0 т 2 h before 

F-RTP concentrations began to decline. The Japanese Pharmaceuticals and Medical Devices 

Agency (PMDA) tested FVP concentrations of 300 т ΝΞΜΜШ͓mol/L applied to human PBMCs and 
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found that F-RTP was formed in a concentration and time-dependent manner (PMDA, 2014).  

Smee et al. (2009) also reported a direct relationship between FVP applied to Madin-Darby 

Canine Kidney (MDCK) cells and intracellular F-RTP, with 1 µM FVP equating to 3 pmol/106 cells 

and 1000 µM FVP resulting in intracellular F-RTP concentration of approximately 320 pmol/106 

cells (Smee et al., 2009). In a study using various cell types, it was reported that F-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 F-RTP, irrespective of the FVP 

concentration applied, suggesting that the efficiency of F-RTP formation is dependent on cell 

type (Bixler et al., 2018). MDCK cells infected with influenza A generated F-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 post-incubation, F-RTP declined, compared to small increases in F-RTP in 

uninfected cells. This decline in F-RTP in infected cells corresponded to increased virus-induced 

cytopathology (Smee et al., 2009). Similarly, HeLa and Vero cells exhibited a 80 т 95% decrease 

in F-RTP 12 h following the removal of FVP from the cell media (Bixler et al., 2018).  

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

a single oral dose (20 mg/kg) of FVP reached maximum F-RTP concentrations in the lung within 4 

h. Maximum (mean) observed F-RTP levels in the lung was 0.683 µg/mg (PMDA, 2014). The 

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

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

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

found to have F-RTP in the muscle, liver and kidney at 0.5, 0.1 and 0.05 pmole/mg (2.65 x 10-4, 

5.29 x 10-5 and 2.65 x 10-5 ͓ŊоůŊьЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ[ŸũũŸƽŔŰŊШċШΞΠШőШƽċƚőŸƨƣШƓĲƖŔŸĬЯШ[-RTP was 

undetectable(Bixler et al., 2018). This indicates that the in vivo half-life of F-RTP may be extended 

compared to the parent FVP, but not in line with other phosphorylated metabolites with half-lives 

in the order of days, rather than hours (Anderson et al., 2018).  
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Human data on F-RTP 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 the absence of clinical  data, 

PBPK modelling has been used to establish an effective FVP dosing schedule for SARS-CoV-2 

infection (Pertinez et al., 2021). Using in vitro data, simulations indicated that an oral loading 

dose of 1600 mg BD followed by maintenance of 800 т 1200 mg BD would achieve sufficient 

plasma FVP (above the EC90 ŸŉШΞΠΦΜΜШŰŊоůxбΝΡΦШ͓~ьШċŰĬШċũƚŸШċĤŸƻĲШƣőĲШ~ŔĦőċĲũŔƚ-Menten (Km) 

of F-RTP against SARS-CoV-2 RdRp (21 µM) (Gordon et al., 2020) for 9 days (Figure 6.1-2).  

PBPK Model Predictions of F-RTP Intracellular Concentrations  

 

Figure 6.1-2 Favipiravir plasma [blue] and intracellular F-RTP concentration [green] predictions combined 
with in vitro intracellular pharmacokinetic modelling, for a dosing regimen of 1600לmg BD loading dose on 
day 1 followed by 800לmg BD maintenance dosing for 9 further days (left) or 1600לmg BD loading dose on 
day 1 followed by 1200לmg BD maintenance dosing for 9 further days (right)(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 F-RTP levels will be higher with the IV 

formulation used in the CST-6 trial than with oral formulations that 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, 2025). Although FVP 

oral formulation has a high bioavailability, it is possible that the high pill burden or individual 

differences in metabolism contribute to lower-than-expected plasma FVP levels. Further to this, 

CST-6 investigated higher doses of FVP than previously studied for COVID-19, and this was also 

posited to achieve higher plasma FVP and in turn, higher intracellular F-RTP levels. PBMC 

samples were collected from participants enrolled on the CST-6 trial to establish a detailed 

understanding of the intracellular PK of F-RTP, with the aim of informing appropriate dosing 

regimens to sustain the antiviral activity of FVP in COVID-19 patients. 

6.2 Materials and Methods 

The CST-6 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 density 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 6 т 12 h post completion of the IV infusion.  

6.2.2 Sample Processing  

After collection CPT were gently inverted 8 т 10 times to mix the anticoagulant thoroughly and 

kept upright at ambient temperature for transfer to the processing laboratory. CPT were 

centrifuged (1500 x 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) then centrifuged 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® NC-200҂ (operating 

range: 5 x 104 т 1 x 107 cells/mL) automated cell counter; a 10 µL 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 resuspension volume. If the cell count was outside of the operating range 

of the cell counter, samples were re-pelleted and resuspended in a higher volume (high cell 

count) or lower volume (low cell count). The conical tube was centrifuged for a further 15 minutes 

at 1000 rpm to pellet the cells, and supernatant removed using a Pasteur pipette. Exactly 1 mL of 

ice-cold MeOH-H2O (70:30, v/v) was added to lyse the cells and resuspend the cell pellet. 

Samples were vortex mixed (3 т 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 transferred 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 LC-MS/MS assay 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 × 106 

cells. The volume of lysate to use per sample to obtain an on-column cell count of 2 x 106 cells 

was determined using Equation 6.2.3-1.  

ςὼρπ

ὥὺὩὶὥὫὩ ὸέὸὥὰ ὧὩὰὰ ὧέόὲὸ Ὥὲ ίὥάὴὰὩ
ὶὩὧέὲίὸὭὸόὸὭέὲ ὺέὰόάὩ ρ άὒ 

Equation 6.2.3-1 Calculation of lysate volume to obtain on-column cell count of 2 x 106 cells 
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6.2.4 Pharmacokinetic and Statistical Analysis  

On column F-RTP levels (pmol/ 2 x 106 cells) were normalised to pmol/106 cells prior to PK 

analysis. Calculation of PK parameters was not possible for F-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 chromatographic peak at the retention time 

of F-RTP that were below the limit of quantification (LLQ = 24 pmol/106 cells) were expressed as 

½ LLQ (12 pmol/106 cells). Samples with no visible 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 F-RTP.  

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

FVP and F-RTP concentrations, to establish potential correlations between plasma FVP and 

PBMC F-RTP concentrations at the 6 т 12 h timepoint. In order to make comparisons between the 

clinical samples and the PBPK-predicted F-RTP concentrations (Pertinez et al., 2021), the 

pmol/106 ƻċũƨĲƚШƽĲƖĲШĦŸŰƻĲƖƣĲĬШƣŸШ͓~ЯШƨƚŔŰŊШΜЮΠШƓxШċƚШƣőĲШƻŸũƨůĲШŸŉШċШƚŔŰŊũĲШÂ7~9 (Janneh et 

al., 2005). F-RTP concentrations expressed as pmol/106 cells were divided by the volume of 1 

ůŔũũŔŸŰШĦĲũũƚШыŔЮĲЮШΠΜΜЯΜΜΜШƓxШӀШΜЮΠШ͓xьШƣŸШĦŸŰƻĲƖƣШƣŸШƓůŸũо͓xЯШĲƕƨŔƻċũĲŰƣШƣŸШ͓ůŸũоxШŸƖШ͓~Ю 

6.3 Results 

F-RTP was quantifiable in 24/42 (57%) PBMC samples. The median (range) time of CPT collection 

post completion of the IV infusion was 6.28 (5.95 т 6.97) h. The median (range) total cell count for 

all samples was 1.68 x 107 (6.18 x 104 т 1.14 x 108) 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 samples 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 excluded (Participant 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 6.3-1. Plasma FVP and intracellular F-RTP were not correlated, with R=0.039 and p=0.871 

(Figure 6.3-3).
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Sampling Issues Affecting Quantitation of F -RTP in PBMC 

Table 6.3-1 Samples excluded from PK and statistical analysis due to documented sample collection and bioanalysis issues. * Sample had quantifiable F-RTP but 
was excluded due to collection error reported for Day 3 plasma samples. ** Sample had quantifiable F-RTP but was excluded due to the reported effect of 
haemolysis on accurate quantitation of phosphorylated metabolites. LOD ш limit of detection, LLQ ш lower limit of quantitation, CPT ш cell preparation tube, PBMC ш 
peripheral blood mononuclear cells, MeOH - methanol

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. 
Quantifiable F-

RTP* 
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 

FAV1049011 1200 Day 5 
Sample had a cell count (cells/mL) below the operating range of the T-20 cell counter and should have been 
concentrated (resuspended in lower volume) but was instead diluted (resuspended in a bigger volume; 16 mL). No 
chromatographic peak. 

< LOD 

FAV1049012 1200 Day 3 
PBMC white band not visible following centrifugation of CPT, no visible pellet during isolation steps. Low total cell 
count (<7x104 cells). No chromatographic peak. < LOD 

FAV1049015 1800 Day 3 
The blood sample (CPT) was haemolysed after centrifugation and a viable cell count could not be obtained. 
Therefore, it is not possible to derive a normalised (per million cells) concentration. 

Sample not 
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 
The sample appeared to be haemolysed during isolation of PBMC. No chromatographic peak, sample below assay 
LLQ  

FAV1049020 1800 Day 5 
PBMC layer haemolysed, no observable white band following centrifugation of CPT. Low total cell count (<6 x104 
cells).  No chromatographic peak.  

< LOD 

FAV1049022 2400 Day 3 
Upon removing the sample from the freezer, it was noted that it was frozen solid. PBMC lysate consists of 70% 
MeOH and does not usually become solid when stored at -80C. 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 Day 1 Sample haemolysed  
Quantifiable  

F-RTP* 
FAV1049026 2400 Day 3 No chromatographic peak < LOD 
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The overall median (range) F-RTP concentration in PBMC was 52.25 (20.81 т 141.43) pmol/106 

cells. Median (range) F-RTP concentrations for each day, stratified by dose, are presented in 

Table 6.3-2 alongside median (range) time post infusion. A concentration-time plot of all samples 

(with excluded samples omitted) is presented in Figure 6.3-1. Concentration-time plots for 

individual dosing cohorts (with excluded samples shown as ½LLQ) are presented in Figure 6.3-2.  

In the 600 mg BD cohort, the median (range) F-RTP concentration was 46.07 pmol/106 cells (39.05 

т 58.23) on Day 1 (n=4), 53.72 pmol/106 cells (44.04 т 71.54) on Day 3 (n=3) and 88.93 pmol/106 

cells (80.87 т 96.99) on Day 5 (n=2). Median (range) actual time post dose was 6.11 h (5.95 т 6.52) 

on Day 1, 6.18 h (6.05 т 6.50) on Day 3 and 6.16 h (6.00 т 6.27) on Day 5.  

In the 1200 mg BD cohort, median (range) F-RTP concentration was 48.42 (36.87 т 59.97) 

pmol/106 cells on Day 1, 53.72 (44.04 т 71.54) pmol/106 cells on Day 3 and 88.93 (80.87 т 96.99) 

pmol/106 cells on Day 5. Median (range) actual time post dose was 6.35 h (6.28 т 6.42) on Day 1, 

6.52 h (6.20 т 6.83) on Day 3 and 6.22 h (6.00 т 6.28) on Day 5.  

In participants receiving 1800 mg IV FVP BD, the median (range) F-RTP concentration was 52.78 

(27.85 т 59.94) pmol/106 cells on Day 1, 36.55 (26.65 т 46.46) pmol/106 cells on Day 3 and 46.14 

(46.14 т 46.14) pmol/106 cells on Day 5. Median (range) actual time post dose was 6.33 h (6.10 т 

6.43) on Day 1, 6.16 h (6.05 т 6.27) on Day 3 and 6.48 h (6.48 т 6.48) on Day 5.  

Finally, in the 2400 mg BD cohort, PBMC F-RTP concentrations (median [range]) were 28.67 

(28.67 т 28.67), 141.43 (141.43 т 141.43) and 30.68 (30.68 т 30.68) pmol/106 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 F-RTP in PBMC from 

Day 1 to Day 5 (Figure 6.3-1). While there was a slight suggestion of accumulation in the 600 mg 

dosing cohort, this was not seen in the higher dosing cohorts. Moreover, there was no clear 

increase in F-RTP formation with escalating dose (Figure 6.3-2).  
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9ĲũũШƻŸũƨůĲШŰŸƖůċũŔƚĲĬШĬċƣċШы͓~ьШŔƚШƓƖĲƚĲŰƣĲĬШŔŰШÑċĤũĲШΣЮΟ-3. When comparing these values to 

the predicted values generated by PBPK modelling(Pertinez et al., 2021), the observed F-RTP 

concentrations are considerably higher. All samples included in the analysis had F-RTP 

concentrations in excess of the Km for F-RTP vs SARS-CoV-ΞШÅĬÅƓШŸŉШΞΝШ͓~ЮШ 
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F-RTP Concentrations in PBMC on Day 1, 3 and 5 at 6 т 12 Hours Post-Completion of 
Infusion  

 

Table 6.3-2 Summary (median [range]) of favipiravir-ΨѢ-triphosphate concentrations and time post-
infusion on Days 1, 3 and 5.  N = number of samples, pmol/106 ш picomole per million. Data are presented 
as median (range).

Day  
Dose  

(mg, BD) 
F-RTP 

(pmol/10 6 cells)  
Time post infusion  

(h) 

Day 1 600, N = 4 
46.07 

(39.05 т 58.23) 
6.11 

(5.95 т 6.52) 

 1200, N = 2 
48.42 

(36.87 т 59.97) 
6.35 

(6.28 т 6.42) 

 1800, N =3 
52.78 

(27.85 т 59.94) 
6.33 

(6.10 т 6.43) 

 2400, N = 1 
28.67 

- 
6.25 

- 

Day 3 600, N = 3 
53.72 

(44.04 т 71.54) 
6.18 

(6.05 т 6.50) 

 1200, N = 2 
47.66 

(20.81 т 74.51) 
6.52 

(6.20 т 6.83) 

 1800, N = 2 
36.55 

(26.65 т 46.46) 
6.16 

(6.05 т 6.27) 

 2400, N = 1 
141.43 

- 
6.33 

- 

 600, N = 2 
88.93 

(80.87 т 96.99) 
6.13 

(6.00 т 6.27) 

Day 5 1200, N = 3 
59.71 

(35.57 т 97.01) 
6.22 

(6.00 т 6.28) 

 1800, N = 1 
46.14 

- 
6.48 

- 

 2400, N = 1 
30.68 

- 
6.28 

- 
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F-RTP Concentrations in All Participants on Days 1, 3 and 5 at 6 т 12 Hours Post-Completion of Infusion  

Figure 6.3-1. [F-RTP] in PBMC on Day 1, Day 3 and Day 5 at 6.28 (median) h post-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 limit of quantification (LLQ) of 12 pmol/106 cells. Samples with 
collection/processing issues are excluded. 

Assay LLQ  
(12 pmol/106 cells)  
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F-RTP Concentrations at 6 -12 Hours Post-Completion of Infusion, Stratified by Dose  

6.3-2 F-RTP concentrations in PBMC sampled between 6-12 h post infusion on study Day 1, 3 and 5 in hospitalised COVID-19 patients receiving FVP A) 600 mg BD 
over 1 h, B) 1200 mg BD over 1 h, C) 1800 mg BD over 1 h and D) 2400 mg. Dashed line represents assay LLQ (24 pmol/106 cells). Samples with documented 
collection issues plotted as ½ LLQ 

Assay LLQ (12 
pmol/106 cells) 

A B 

C D 
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Correlation Plot for Plasma vs Intracellular PBMC   

 

 

Figure 6.3-3 Regression plots for log transformed FVP plasma versus FRTP PBMC. Red dotted line indicates 95% confidence interval. Rsqr ш R squared/coefficient 
of determination, Std Error ш standard error 
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Cell -Volume Normalised F -RTP PBMC Concentrations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6.3-3.  Cell volume normalised PBMC F-ÅÑÂЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮё͙~ђдЮ

Participant ID  Dose  
(mg) 

Visit Day  Time post-
completion of 

infusion (h)  

[F-RTP] 
(pmol/10 6 cells)  

F-RTP 
ы͓~ь 

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 
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6.4 Discussion 

F-RTP was quantifiable in 24 of 42 samples collected from participantƚШĲŰƖŸũũĲĬШŸŰШƣőĲШƣƖŔċũЯШċŰĬШљŸŰ-

ĦŸũƨůŰњШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƽŔƣőŔŰШƣőĲШůŔĬ-range of the calibration curve, thereby supporting the 

ongoing use of the validated calibration range (Chapter 5) for ascending doses of FVP in the AGILE CST-

6 trial, and for other disease 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 COVID-19), 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 significantly impact F-RTP quantification, as all 

samples with documented issues fell below the assay lower limit of quantification (Table 6.3-1). 

Haemolysis of PBMC samples is known to result in more significant and variable sample matrix effect 

when quantifying via LC-MS/MS. In CST-6 regardless of the cell count, if a sample was noted to be 

haemolysed during PBMC isolation F-RTP levels were below the assay LLQ. Others have also observed a 

negative impact of haemolysis on the accurate quantitation of phosphorylated metabolites (Xiao et 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 metabolites in PBMC. This also highlights the difficulty in 

obtaining high quality PBMC samples for assessment of F-RTP, and such issues would likely be 

compounded in situations where laboratory equipment, wet ice and ultra-low temperature storage was 

not readily available (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 validation guidelines should be performed 

for F-RTP and future phosphorylated metabolites, in anticipation of sample collection and analysis.  

There was some evidence of F-RTP accumulation, from Day 1 to Day 5, in the 600 mg cohort, but this was 

not replicated in the subsequent higher dosing cohorts. Furthermore, F-RTP levels in PBMC did not show 

a clear increase with escalating dose. The higher dosing cohorts (1200 т 2400 mg) were 
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disproportionately affected by sampling and processing issues (Table 6.3-1), and it is possible that the 

exclusion of affected samples may have perturbed any accumulation or dose-escalation effects. 

Moreover, the interindividual variability in quantifiable F-RTP levels was high, which mirrored that seen 

for FVP in plasma and non-plasma matrices (Chapter 4). The lack of a dose escalation effect could also 

reflect saturation of metabolic pathways and inefficient conversion of FVP to F-RMP, and from F-RMP to 

F-RTP. F-RMP has been shown to peak within 25 h of incubation with FVP in in vitro experiments, despite 

65% of FVP remaining in the media (Huchting et al., 2018). This indicates that saturation of enzymes may 

be a rate-limiting factor in the formation of F-RTP. Indeed, in vitro data indicates that only 2.3 pmol of F-

RTP was formed in MDCK cells after 24 h incubation with 1000 µM FVP (Smee et al., 2009).  

Measured F-RTP 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 estimate F-RTP concentrations 

from FVP plasma exposures (Pertinez et al., 2021). The F-RTP PBMC concentrations we observed were 2 

т 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 F-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 sample size and exclusions (Table 6.3-1). Further 

clinical studies of F-RTP across a range of timepoints and doses in PBMC would be beneficial to validate 

PBPK models.  

Due to the sparse sampling in the AGILE CST-6 study, it was not possible to infer key PK parameters 

relating to the rate of F-RTP formation (onset) and elimination (offset), including the half-life and the 

elimination/decay of the metabolite over time. A pragmatic sampling approach was employed, 

considering the potential frailty of the participants, with PBMC samples collected at a single timepoint 

between 6 and 12 h post-infusion. However, due to practicality issues and staff working arrangements, 

the majority of samples were collected closer to 6 h post-dose, with the latest collection occurring at ~7 



205 
 

h post-dose. This somewhat constricted sample pool meant that it was not possible to determine 

whether there was any evidence of F-RTP decay over the dosing interval, nor to assess what levels would 

be at the time of the next scheduled dose, as was done for plasma FVP. Indeed, the terminal half-life 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 first-time insight into the concentrations of the active F-RTP 

in patients receiving escalating doses of IV FVP and establishes that PBMC concentrations of 

intracellular F-RTP are in the pmol range. Further studies with intensive PK sampling are warranted to 

better characterise F-RTP 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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Development and Validation of an LC -MS/MS 
Method for Quantitation of Favipiravir and its 

Active Intracellular Metabolite, Favipiravir 
Ribofuranosyl -Ρќ-Triphosphate, From Plasma 

Separation Cards (HemaSep҂)  
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7.1 Introduction 

FVP has 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, 2015) including 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. Quantification of drug in 

relevant biological matrices is an essential step in characterising the PK, establishing efficacy and PK/PD 

ƖĲũċƣŔŸŰƚőŔƓƚШŸŉШƣőĲШƣőĲƖċƓĲƨƣŔĦШĦċŰĬŔĬċƣĲШċŊċŔŰƚƣШƣőĲШŔŰƣĲŰĬĲĬШƣċƖŊĲƣЮШÂũċƚůċШŔƚШĦŸŰƚŔĬĲƖĲĬШċƚШƣőĲШћŊŸũĬШ

ƚƣċŰĬċƖĬќШůċƣƖŔǂШfor this purpose and is 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 settings. 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. They may offer advantages in sample collection and processing, obviating the 

need for centrifugation and, in some cases, offering greater stability without the need for refrigeration 

(Thompson et 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 drying (Edelbroek et 

al., 2009; Zailani and Ho, 2023)ЮШ ШƚƨĤƚƣċŰƣŔċũШċůŸƨŰƣШŸŉШљĬƖŔĲĬШĤũŸŸĬњШÂuШĬċƣċШĲǂŔƚƣƚШŉŸƖШċŰƣŔƖĲƣƖŸƻŔƖċũШ

compounds, including the NRTI parent drugs (TFV, emtricitabine) and their phosphorylated metabolites 

(TFV-DP, emtricitabine triphosphate)(Anderson et al., 2018; Schauer et al., 2018; Thompson et 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 high-risk groups (Anderson et al., 2018; Schauer et al., 2018; Yager et 

al., 2020; Niu et al., 2022; Devanathan et al., 2023; Thompson et al., 2023). DBS enables quantification 
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of both the NRTI parent drug and its intracellular metabolite. For example, TFV, which has a short plasma 

half-life (15 h), serves as a marker of short-term adherence, reflecting recent drug intake, whereas its 

active intracellular diphosphate form has a prolonged half-life (~17 days) and provides a measure of 

cumulative or long-term 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 not alwayƚШĬŔƖĲĦƣũǃШƖĲũċƣċĤũĲШƣŸШљŊŸũĬ-ƚƣċŰĬċƖĬњШũŔƕƨŔĬШƓũċƚůċШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШŔŰĦũƨĬŔŰŊШ

relevant therapeutic targets. Whatman DBS concentrations are influenced by drug partitioning into red 

blood cells [e.g. TFV(Castillo-Mancilla et al., 2013)], variations in haematocrit (Wilhelm et al., 2014), and 

dilution effects from the cellular components of whole blood [e.g. for highly protein-bound drugs residing 

in the plasma compartment (Emmons and Rowland, 2010; De Kesel et al., 2013)]. As a result, drug 

specific correction factors need to be applied to standardise DBS concentrations to plasma-equivalent 

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 and 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 Whatman DBS 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 fibre-based technology to separate plasma on contact 

from whole blood, eliminating the need for on-site centrifugation. Plasma rapidly diffuses (complete 

separation within 2 minutes) to the outer ring (H-PL) whilst the red blood cells remain within the centre 

љĦĲũũƨũċƖњШƚƓŸƣШыc-C) (Figure 7.1-1). Therefore, using a single blood spot, it is possible to simultaneously 

measure both parent drug т from H-PL т and intracellular metabolites т from H-C. Moreover, separation 

of red blood cell components removes the need for haematocrit-based correction factors and mitigates 

the plasma dilutional effect that typically complicates analysis with traditional DBS methods. 
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HemaSep҂ Plasma Separation Cards  

 

Figure 7.1-1 HemaSep҈ plasma recovery card with central cellular fraction (H-C) and outer plasma ring (H-PL) from 
the front (left) and back (right) 

Quantitation of F-RTP 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 F-RTP concentrations or PK, not least because of the invasiveness and practicalities of 

taking lung biopsies from patients who are potentially seriously unwell. PBMC are traditionally used for 

quantitation of phosphorylated intracellular metabolites and serve as a surrogate for lung tissue and 

cellular exposures. We previously reported F-RTP 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 permitted only a sparse sampling scheme. 

Additionally, processing issues, such as low cell yields and haemolysis, appeared to negatively impact 

quantification and may have ultimately contributed to the observed lack of F-RTP accumulation and 

dose proportionality.  H-DBS therefore offer a novel means of collecting whole blood for F-RTP analysis, 

mitigating the aforementioned issues encountered with PBMC collection. Their simplified sample 

processing workflows and lower blood volume requirements facilitate more intensive PK sampling, 

including in field-based settings, and may help to answer questions about F-RTP PK that remain 

unanswered in light of the data presented in Chapter 6 alongside the practical benefits. This chapter 

describes the development and validation of LC-MS/MS methods for the quantitation of FVP in plasma 

(H-PL) and intracellular F-RTP (H-C) from H-DBS. The validated methods were used for quantitation of 
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these analytes from H-DBS samples collected from the AGILE CST-6 clinical trial with the PK results for 

CST-6 presented in Chapter 8.  

 

7.2 Materials and Methods 

7.2.1 Chemicals 

Reagents used for the FVP quantitation in H-PL were obtained as described in 2.3.1. For analysis of F-

RTP in H-C, reagents were as detailed in 4.3.1. F-RTP IS (13C5-F-RTP sodium salt) was purchased from 

Toronto Research Chemicals (Ontario, Canada). HemaSep҂ CytoSep® 1668 plasma recovery cards were 

acquired from Ahlstrom, Helsinki, Finland. Drug-free whole blood was purchased from the National 

Health Service (NHS) Blood and Transplant Service (Liverpool, UK) with ethical approval granted by the 

NHS Health Research Authority.  

7.2.2 Equipment 

The LC-MS/MS system used for both H-PL and H-C 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 µm column was used for separation and elution of F-RTP (H-C) whilst a Phenomenex 

(Macclesfield, UK) Synergi Polar-RP 150 x 2.1 mm, 4 µm 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/mL) were used for sample preparation of the H-C. Data was acquired using 

Analyst (v1.6.1) and quantified using MultiQuant (v3.0.3) (AB Sciex). A 3D-printed punch made from 

acrylonitrile styrene acrylate (ASA) was manufactured at the University of Liverpool and used to punch 

H-DBS into the separate components, H-PL and H-C (Figure 7.2.2-1). 
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3D Printed Punches for Punching HemaSep҂ Plasma Separation Cards  

Figure 7.2.2-1 3D printed punches for separation of H-DBS into H-PL and H-C 

 

7.2.3 Preparation of Standards and Quality Control Samples 

7.2.3.1 FVP plasma spot (H-PL) 

Stock and intermediate stock solutions were prepared as stated in 2.3.3 and spiked 20 µL 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, these standards 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 µL per spot) onto a H-DBS card, resulting in a calibration 

curve range of 50 т 5000 ng/spot.  

QC samples were prepared as described in 2.3.3 and a 2% spiking (20 µL into 1 mL) performed to obtain 

LQC, MQC and HQC at 2250, 22500 and 65000 ng/mL respectively. 50 µL (per spot) of each QC was 

spotted onto a H-DBS 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 at -80°C and spotted onto H-DBS fresh on the day of 

analysis. 

7.2.3.2 F-RTP Cellular Spot (H-C)  

F-RTP stock and intermediate solutions for the standards were prepared as in 5.3.4. Individual standards 

were prepared by spotting 100 µL of drug-free 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 µL) onto the semi-

dry H-DBS, in the centre spot. Working standard concentrations were set at 24, 48, 80, 240, 400, 600, 

800, 1140 and 2280 nM.  

QC samples were prepared by dilution of the stock F-RTP solution (950 µM) in MeOH- H2O (70:30, v/v) to 

generate AQ-QCs of the following concentrations: 2731.62 (low), 35020.80 (medium) and 85500 (high) 

nM. Working QCs were prepared by spotting 100 µL of drug-free 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 µL) 

onto the semi-dry H-DBS, 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 cross-contamination, with desiccant and a 

humidity indicator before storage at -80°C.  

7.2.4 Extraction procedure 

7.2.4.1 FVP Plasma Spot (H-PL) 

Standards and QC H-PL were excised using a 30 mm punch and placed into clean, appropriately labelled 

5 mL borosilicate glass tubes. To all samples, 800 µL of ACN was added, followed by 20 µL of IS (25 µg/mL 

13C, 15N-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 200 µL of MeOH-H2O (80:20, v/v) and 

180 µL transferred into autosampler vials.  

7.2.4.2 F-RTP Cellular Spot (H-C)  

H-C standards and QCs were punched from H-?7ÉШƨƚŔŰŊШċШΝΞШůůШƓƨŰĦőЮШÑŸШċũũШƚċůƓũĲƚЯШΤΜΜШ͓xШŸŉШΝΜΜӖШ

MeOH ƽċƚШċĬĬĲĬЯШŉŸũũŸƽĲĬШĤǃШΟΜΜШ͓xШŸŉШΞΜӖШŉŸƖůŔĦШċĦŔĬШŔŰШH2O and 20 µL of IS (13C5-F-RTP, 20 µM). 

Samples were sonicated for 30 minutes. SPE cartridges were conditioned with 1 mL of 100% MeOH and 

centrifuged for 1 minute at 377 x g. The SPE cartridges were further conditioned with H2O-MeOH-formic 

acid (73:25:2, v/v/v) 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- H2O (50:50, v/v). Finally, the cartridges were removed into clean borosilicate tubes 

before elution with 1 mL of ACN-H2O -ammonium hydroxide (73:25:2, v/v/v). Eluate was dried under 

nitrogen flow overnight at ambient temperature and reconstituted in 200 µL of MeOH-H2O (70:30, v/v). 

7.2.5 LC-MS/MS Conditions 

7.2.5.1 FVP Plasma Spot (H-PL) 

A Phenomenex Synergi Polar-RP C18 column (4 µm; 150 x 2.1 mm) was used to accomplish separation 

using 0.2% formic acid in H2O and 0.2% formic acid in MeOH for 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 7.2.5.1-1. 
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Optimised Mass Spectrometer Parameters  for FVP in H-PL 

Table 7.2.5.1-1 Mass spectrometer parameters for determination of FVP in  H-PL 

 

7.2.5.2 F-RTP Cellular Spot (H-C) 

A ThermoFisher Biobasic AX҂ column (50 x 1 mm, 5 µm) 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% B for 3 min before returning to 

10% B for 5.5 min to re-equilibrate the column at more acidic pH. The total run time was 12 min. MS 

parameters are summarised in Table 7.2.5.2-1.  

 

 

 

 

Parameter  FVP 13C,15N-FVP 

Mass transition (Da)  158.0ӛ113.0 160.1ӛ142.0 

Collision Energy (V) 25 15 

Spray Voltage (ISV) 5500 5500 

Vaporizer Temperature (TEM°C) 550 550 

Ion Source Gas 1 (GS1) 50 50 

Ion Source Gas 2 (GS2) 40 40 

Collision Gas (CAD) 8 8 

Curtain Gas (CUR) 25 25 
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Optimised Mass Spectrometer Parameters for F -RTP in H-C 

Parameter  F-RTP F-RTP-IS 

Mass transition (Da)  ΡΞΤЮΥӛΝΝΞЮΦ ΡΟΞЮΥӛΞΤΤЮΠ 

Collision Energy (V) -88 -36 

Spray Voltage (ISV) -4500 -4500 

Vaporizer Temperature (TEM°C) 500 500 

Ion Source Gas 1 (GS1) 50 50 

Ion Source Gas 2 (GS2) 50 50 

Collision Gas (CAD) 8 8 

Curtain Gas (CUR) 30 30 

Table 7.2.5.2-13 Mass spectrometer parameters for determination of F-RTP in H-C 

7.3 Method Development 

As part of early-phase 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 FVP Plasma 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 using different punch sizes, including excising the 

entire outer ring versus sub-punches (3 mm and 6 mm).  

7.3.2 F-RTP Cellular Spot (H-C) 

For F-RTP, a H-C method was developed using the PBMC assay as a foundation, and preliminary tests 

were performed to determine appropriate strategies for standard and QC preparation. This included 

comparing H-DBS standards prepared by spiking liquid whole blood prior to spotting versus the 
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application of an aqueous F-RTP spike onto partially dried H-DBS. Previous experiments performed our 

laboratory tested spotting of aqueous solutions onto a completely dry H-DBS(Thompson et al., 2023). In 

brief, liquid whole blood (WB) was spiked with F-RTP at the MQC concentration (n=6) and then spotted 

(100 µL) onto H-DBS and compared to drug-free whole blood spotted onto H-DBS and left to partially dry 

for 15 minutes before spotting aqueous MQC (20 µL) on top and allowing to dry completely (2 h). Further 

analysis was conducted to establish the optimum drying time of the H-DBS prior to spotting of aqueous 

solution on top. H-DBS were tested in quadruplicate with aqueous medium QC (20 µL) 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 Validation Methodology 

The method for the determination of FVP in dried plasma (H-PL) was validated by completion of four 

precision and accuracy batches, stability experiments and a recovery and matrix experiment.  

The assay for quantitation of F-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 and Accuracy  

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 F-RTP 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 H-PL was evaluated in different environments using sets of six LQC and HQC samples. 

Heat stability was tested by incubation of H-PL QC samples at 60°C for 1 h (one and two cycles), 

simulating inactivation procedures for HCIDs (Mitchell and McCormick, 1984; Weidmann et al., 2016).  

Ambient stability was determined by leaving H-PL 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 re-injected after being left in the autosampler at 4°C for 24 h and 48 

h, to assess reinjection reproducibility.  

The stability of F-RTP in H-C was evaluated using incurred participant  samples from the AGILE CST-6 

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 F-RTP in vivo, considering QC samples were prepared by 

extracellular spiking of aqueous drug onto a semi-dry blood spot and therefore the drug was not exposed 

to usual biological processes.  Whole blood was collected and spotted immediately onto H-DBS in line 

with the CST-6 study procedures and as described in Chapter 8. From this, one H-DBS was dried and 

stored immediately (control; clinical trial sample) and another left for a period of 24 h at ambient 

temperature (test sample) before storage at -80°C. A second set of 2mL K2EDTA whole blood was 

collected from consented participants and the liquid blood left at ambient temperature for 3 h, before 

spotting onto the H-DBS, leaving to dry for a minimum of 10 minutes and storage at -80°C. Heat stability 

of F-RTP in H-C was performed by using extracellularly spiked LQC and HQC H-DBS and incubating in a 

laboratory oven set at 58°C for 15, 30 and 60 minutes (n=6 per timepoint) and assessing the analyte area 

compared to non-heat treated H-DBS.   
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7.4.3 Recovery and Matrix Effect 

Recovery and matrix experiments were performed following the technique reported by Matuszewski et 

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 or F-RTP into the final reconstitution solution (FVP: 

MeOH-H2O [80:20, v/v]; F-RTP: MeOH-H2O [80:20, v/v]) and into extracted blank H-PL (FVP) or H-C (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 F-RTP from 154 cellular spots (H-C), from participants enrolled on the 

AGILE CST-6 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 800 µL 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 sub-punch or two 3 mm sub-punches. The results 

of this experiment showed that despite less pronounced matrix suppression, using sub-punches 

resulted in considerably lower recovery of the analyte compared to using the entire H-PL ring (Table 

7.6.1-1). For all samples, recovery was low (< 32%, Table 7.6.1-1) 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-H2O (80:20, v/v). This resulted in improved recovery (>46%) as summarised in 

Table 7.6.2.3-1. 

Assessment of Punch Size on Matrix Effect and Recovery of FVP in H-PL 

Table 7.6.1-1 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: process efficiency 

The loss of analyte was compared using either two or four 6 mm sub-punches or the entire spot. Using 2 

x 6 mm sub-punches resulted in an average of 46.2% 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 (Table 7.6.1-2). 

Assessment of Sub-Punch Analysis vs Entire Spot 

Nominal QC Concentration 
(ng/sample)  

Average analyte area response % decrease 

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 41.5 

Table 7.6.1-2 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 

Punch size Nominal QC concentration  

(ng/sample)  

ME 

(%) 

EXT RE 

(%) 

PE 

(%) 

Full spot (12 mm) 
112.5 84.6 31.5 26.7 

3250 89.7 30.4 27.3 

6 mm sub-punches  
112.5 116.1 13.0 11.2 

3250 115.4 13.7 13.6 

3 mm sub-punches  
112.5 124.4 10.0 13.1 

3250 125.1 19.6 22.9 
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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 the H-DBS (H-C) assay. Negative ion 

mode using MRM was used for the detection of F-RTP. During method development significant response 

ŔŰШƣőĲШĤũċŰťШƚċůƓũĲƚШƽċƚШŸĤƚĲƖƻĲĬШƽőĲŰШƨƚŔŰŊШƣőĲШƣƖċŰƚŔƣŔŸŰШΡΞΤЮΦШӛШΞΤΞЮΥЮШÅĲ-tuning of F-RTP indicated 

a separate product ion of m/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 

proĦĲĲĬĲĬШƨƚŔŰŊШΡΞΤЮΥӛΝΝΞЮΦЮШ 

As an improvement to the PBMC method, the F-RTP IS (13C5-FRTP) was sourced and included in the H-

DBS method. Tuning of this compound revealed two abundant products of m/z 176.8 and 277.4; optimal 

ƖĲƚƓŸŰƚĲШƽċƚШŸĤƣċŔŰĲĬШƨƚŔŰŊШΡΟΞЮΥӛΞΤΤЮΠЮ 

The inner H-C and outer H-PL fractions were assessed for F-RTP 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 semi-dry H-DBS (Table 7.6.1-3). This indicated that whole blood (WB) 

spiked with F-RTP prior to spotting resulted in detectable F-RTP in the outer H-PL section of the spot, 

which accounted for >15% of the H-C response, irrespective of whether the entire spot or sub-punch 

was taken. When spiking aqueous MQC directly onto the semi-dry H-DBS, the F-RTP response in H-PL 

was reduced to < 1% of the response in H-C 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 semi-dry H-DBS, the optimum drying 

time must be established. The experiment performed evaluated immediate spotting of aqueous MQC 

solution onto a wet H-DBS (control) and H-DBS drying times of 10 minutes to 12 h. Results indicate that 

drying time of at least 15 minutes is most effective, with little difference in analyte response up to 120 

minutes (Table 7.6.1-3). 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 given time.  

Assessment of Spot Drying Time for Optimised Analyte Response  

Sample type Punch size 
Average analyte area response 
H-C H-PL % H-PL/H-C 

Pre-spiked WB  12 mm 11734 2062 17.57 
Pre-spiked WB sub-punch  6 mm 5202 1145.5 22.02 
Semidry DBS spike sub-punch  6 mm 443819 754 0.17 
Aqueous MQC --  4381284 -- -- 

Drying Time 
  Punch size H-C H-PL % H-PL/H-C 
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 7.6.1-3 Comparison of F-RTP area response when spiked into whole blood prior to spotting DBS versus 
spotting whole blood onto DBS followed by aqueous MQC solution and average F-RTP response at the MQC level 
when whole blood was left to dry after spotting prior to spotting aqueous MQC on top 
FVP and 13C, 15N-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 7.6.1-1 Example FVP H-PL 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 (13C, 15N-FVP) 

 

F-RTP eluted from the column at 1.56 min and 13C5-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 7.6.1-2.  

C 

A 

B 

D 
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Figure 7.6.1-2 Example F-RTP H-C chromatograms from a) double blank sample; b) blank sample with IS; c) LLQ 
sample; d) HQC sample and e) clinical sample (173 pmol/sample) presented alongside internal standard 
chromatograms for each sample (F-RTP IS) 

 

7.6.2 Method Validation  

7.6.2.1 Precision and Accuracy 

Both methods were found to be both precise and accurate, with inter- and intra-assay assessments 

within ± 20% for the LLOQ QC and within ± 15% of the nominal concentrations for LQC, MQC and HQC 

samples (Table 7.6.2.1-1 and 7.6.2.1-2). Quadratic 1/x2 regression was utilised to produce the best fit for 

the concentration-detector response, with an average correlation coefficient (r2) of 0.99511 (n=3) for FVP 

in H-PL and 0.99576 (n=3) for F-RTP in H-C. 
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Precision and Accuracy of the Methods for FVP and F-RTP in H-PL and H-C 

Table 7.6.2.1-1 Precision and accuracy data for FVP in dried plasma spots. Acceptability for CV and Bias: ±20% for LLQ, ±15% for LQC, MQC and HQC. SD ш standard 
deviation, CV ш coefficient of variation 

 

Table 7.6.2.1-2 Precision and accuracy data for F-RTP in DBS. Acceptability for CV and Bias: ±20% for LLQ, ±15% for LQC, MQC and HQC. SD ш standard deviation, 
CV ш coefficient of variation, pmol - picomole

 

LLQ 

(50 ng/sample) 

LQC 

(112.5 ng/sample) 

MQC 

(1125 ng/sample) 

HQC 

(3250 ng/sample) 

Mean SD 
CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

 (%) 

Bias 

(%) 
Mean SD 

CV 

(%) 

Bias 

(%) 
Mean SD 

CV 

 (%) 

Bias 

(%) 

Inter -day 52.70 4.58 8.68 3.99 114.69 15.94 13.90 4.28 1075.55 82.20 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 

  LLOQ 

 (24 pmol/sample)  

LQC 

 (55 pmol/sample)  

MQC  

(700 pmol/sample)  

HQC 

 (1710 pmol/sample)  

Mean SD CV 

(%) 

Bias 

(%) 

Mean SD CV 

(%) 

Bias 

(%) 

Mean SD CV 

(%) 

Bias 

(%) 

Mean SD CV 

(%) 

Bias  

(%) 

Inter -day 22.93 2.36 10.29 -4.45 55.78 7.55 13.54 1.42 665.61 73.47 11.04 -4.91 1565.45 176.94 11.30 -8.45 

Intra -day 21.33 2.72 12.77 -11.15 47.85 6.26 13.07 -13.00 630.84 36.81 5.84 -9.88 1469.35 168.87 11.49 -14.07 
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7.6.2.2 Stability 

FVP was found to be stable in H-PL under all conditions tested (Table 7.6.2.2-1). Stability was confirmed 

for two cycles of heat inactivation at 60°C for 1 h. H-PL 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 24 h and 48 h were stable.  

F-RTP in the H-C fraction, from H-DBS collected from participants on the CST-6 trial, was not stable for 

a period of 24 h. H-DBS samples that were left on the benchtop for 24 h demonstrated an average 65% 

decrease in F-RTP concentration compared to H-DBS that were immediately stored at -80°C (Table 

7.6.2.2-2).  H-DBS QC samples were heat treated for a period of 15, 30 and 60 minutes (n=6 per 

timepoint) at 58°C. F-RTP was found to be stable for up to 30 minutes heat inactivation; however, after 

60 minutes of heat the percentage degradation exceeded 30% (Table 7.6.2.2-3).   



227 
 

 

Stability of FVP in H-PL and Extracted H-PL 

 

Table 7.6.2.2-1 Summary of stability data for FVP in dried plasma spots (H-PL). Precision and accuracy 
acceptability criteria ± 15%. d ш days, h ш hour, CV ш coefficient of variation 

 

 

 

 

 

 

 

Stability measured  Sample type Replicates  
Sample 

Precision  

(%CV) 

Accuracy  

 (%) 

Bench-top 
(5 d;ambient)  

H-PL 6 LQC 6.40 -13.69 

6 HQC 5.42 -6.20 

Heat inactivation  
(single cycle, 1 h @ 
60°C) 

H-PL 6 LQC 10.11 -2.15 

6 HQC 5.37 -2.80 

Heat inactivation  
(two cycles, 1  h @ 
60°C) 

H-PL 6 LQC 14.57 -2.75 

6 HQC 5.43 1.13 

Reinjection  
reproducibility  
(24h; 4°C) 

Extracted H-PL 6 LQC 6.26 4.78 

6 HQC 9.37 -1.10 

Reinjection  
reproducibility  
(48h; 4°C) 

Extracted H-PL 6 LQC 7.19 13.20 

6 HQC 7.96 4.37 
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Stability of F -RTP in H-C at Ambient Temperature  

Table 7.6.2.2-2 Summary of F-RTP stability in H-C, following storage of incurred H-DBS at ambient temperature for 
24 hours (Stability), compared with paired H-DBS that were immediately processed (Control). Min ш minimum, Max 
ш maximum, St Dev ш standard deviation, CV ш coefficient of variation  

Sample ID Collection 

Day 

Sample 

Type 

Sample 

Type 

F-RTP 

concentration 

(pmol/sample)  

% decrease 

(24 h) 

FAV1049026 

 

Day 3 H-C, 12 

mm 

Control 157.04 
58% 

Stability 65.75 

FAV1049026 

 

Day 3 H-C, 12 

mm 

Control 192.68 
64% 

Stability 69.1 

FAV1049026 

 

Day 5 H-C, 12 

mm 

Control 137.11 
73% 

Stability 36.78 

  

  

  

  Min 58% 

  Max 73% 

  Mean 65% 

  St Dev 7.57 

  CV% 11.6 
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Heat Stability of F -RTP in H-C 

 

Table 7.6.2.2-3 Stability of F-RTP in H-C when heat inactivated for 15, 30 and 60 minutes at 58°C. N ш number of 
replicates, LQC ш low quality control sample, HQC ш high quality control sample 

 

7.6.2.3 Recovery and Matrix 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 (H-PL) from H-DBS (Table 7.6.2.3-1). Overall recovery of F-RTP 

from H-C the entire spot was 15.1% with minimal matrix effect of 102.6% (Table 7.6.2.3-2). 

Recovery and Matrix Effect for the Method for Quantitation of FVP in H -PL 

Nominal QC 

Concentration 

(ng/sample)  

Mean peak area ratio ME (%) Ext RE (%) PE (%) 

 

A 

 

B 

 

C 

 

B/A 

 

C/B 

 

C/A 

112.5 0.28 0.27 0.12 96.2 46.7 42.9 
1125 2.12 2.14 1.15 101.3 53.5 54.2 
3250 5.93 6.79 3.29 114.7 48.4 55.5 

Table 7.6.2.3-1 Recovery and matrix effect for FVP in dried plasma. ME: matrix effect; Ext Re: extraction recovery; 
PE: process efficiency 

 

Stability measured  Sample 

type 

N Sample Control  Test %stability  

Heat inactivation  
(single cycle, 15 
min @ 58°C) 

H-C 6 LQC 3060 2563 83.8% 

6 HQC 239558 245500 102.5% 

Heat inactivation  
(single cycle, 30 
min @ 58°C) 

H-C 6 LQC 3265 2783 85.2% 

6 HQC 258919 234979 90.8% 

Heat inactivation  
(single cycle, 60 
min @ 58°C) 

H-C 6 LQC 3264 2309 70.3% 

6 HQC 279734 180110 64.4% 
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Recovery and Matrix Effect for the Method for Quantitation of F -RTP in H-C 

Table 7.6.2.3-2 Summary of matrix effect and recovery for F-RTP in H-C. ME: matrix effect; Ext Re: extraction 
recovery; PE: process efficiency 

 

7.6.2.4 Clinical Application  

The validated LC-MS/MS methods were used to quantify FVP and F-RTP in the H-PL and H-C fractions of 

H-DBS collected from participants enrolled on the AGILE CST-6 clinical trial. The complete PK results of 

H-DBS (FVP H-PL and F-RTP H-C) for this trial are presented in Chapter 8.  

A chromatogram from an extracted H-PL taken from a participant  receiving 600 mg IV FVP BD is depicted 

in Figure 7.6.2.2-1. A total of 154 samples were collected from 16 participants enrolled on the CST-6 trial. 

Two H-PL 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/mL. H-PL 

were quantified using a ŰŊоƚċůƓũĲШĦċũŔĤƖċƣŔŸŰШĦƨƖƻĲШƽőĲƖĲШƣőĲШљƚċůƓũĲњШƽċƚШċƚƚƨůĲĬШƣŸШĤĲШĲƕƨċũШƣŸШΡ0 

µL of dried plasma, on the assumption that plasma accounts for approximately 50% of the volume of 

whole blood (100 µL of whole blood spotted/2). Nanogram per sample readouts were then converted to 

ng/mL by multiplying by 20 (1000/50). FVP levels in H-PL were on average (range) 10046.07 (1010.80 т 

24473.60), 39312.08 (1751.40 т 87740.60), 48132.01 (1480.20 т 101744.80) and 97386.40 (2931.60 т 

242276.60) ng/mL for 600 mg, 1200 mg, 1800 mg and 2400 mg BD, respectively. 

Figure 7.6.2.2-2 depicts a chromatogram from an extracted H-C sample from a participant receiving IV 

FVP (1200 mg BD, Day 3). Out of a total of 154 evaluable H-C samples, 49 (32%) had quantifiable F-RTP 

levels > 24 pmol/sample. F-RTP levels in H-C were on average (range) 67.00 (0 т 159.95), 68.05 (28.22 т 

Nominal QC Concentration  

(ng/mL) 

Mean peak area ratio ME (%) 
 

Ext RE 

(%) 

PE (%) 
 

A B C B/A C/B C/A 

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 
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161.94) and 102.59 (26.22 т 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 (H-PL) and F-RTP (H-C) respectively from a 

single whole blood sample of 100 µL, using HemaSep҂ plasma recovery cards (H-DBS).  Both methods 

were found to be precise and accurate with minimal matrix effect. Similarly to liquid plasma (Chapter 2), 

FVP was found to be stable in H-PL 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 F-RTP in H-

DBS when subjected to heat using typical viral inactivation procedures (58°C for up to 30 minutes). The 

stability of both FVP and F-RTP in H-DBS offers a considerable advantage when considering H-DBS for 

use in HCID clinical trials, where inactivation of potentially infectious samples prior to downstream 

laboratory processing may be necessary for health and safety compliance. Further heat stability 

experiments should be conducted to establish in vivo stability of F-RTP using clinical samples from 

participantƚШƖĲĦĲŔƻŔŰŊШ[éÂЯШċƚШƨƚĲШŸŉШљĲǂƣƖċĦĲũũƨũċƖũǃњШƚƓŔťĲĬШÄ9ШƚċůƓũĲƚШůċǃШŰŸƣШĤĲШƖĲƓƖĲƚĲŰƣċƣŔƻĲШŸŉШ

an in vivo sample and mimic the behaviour of the phosphorylated metabolites confined in cells.  

F-RTP in H-DBS 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 F-RTP is 

improved using H-DBS compared to whole blood in CPT prior to PBMC isolation, where similar levels of 

degradation (61%) were observed after only 1 h at ambient temperature (Chapter 5). The improved 

stability of F-RTP in dried blood (H-C) is likely due to reduced activity of enzymes upon drying of the 

sample.  Samples collected as part of the CST-6 trial were spotted and stored within 30 min of collection. 

This mitigates the likelihood of significant degradation in the participant  samples, but it is not clear the 

exact amount of time between 0 and 24 h at which the decrease in F-RTP concentrations occur. 

Therefore, any future experiments should include a time-course experiment with intervals at which to 

assess F-RTP levels, so that an appropriate cutoff can be established to optimise sample processing 
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protocols and ensure that analyte integrity is maintained. Long-term stability of F-RTP in stored H-C 

samples should also be assessed and would be best performed using incurred samples (e.g. from CST-

6) and comparing original levels to observed concentrations 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, H-DBS provide 

a simplified sample collection method for the determination of intracellular metabolites, such as F-RTP, 

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 H-DBS particularly advantageous for resource limited settings where the cost of such 

equipment may be prohibitive. The current methodology requires a precise volume of blood (100 µL) 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 H-DBS, may be more susceptible to 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 benefit of using H-DBS in resource limited settings. The 

impact of variable blood volumes may also be reduced by using a sub-punch approach, rather than using 

the entire spot as is described here. The entire spot was used for the present study given that analyte 

response appeared to be compromised, and recovery was lower when using sub-punches versus the 

entire spot.   

The uncontrolled saturation or inconsistent spreading of liquid whole blood on H-DBS as a result of 

haematocrit variation may result in sampling bias, affecting the accuracy and precision of the data (Waitt 
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et al., 2017). Previous work on H-DBS for other phosphorylated intracellular metabolites has indicated 

that extreme haematocrit (< 20% or > 50%) resulted in deviations in quantitative values (Thompson et 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 F-RTP quantitation in H-DBS. Variations in 

haematocrit may also affect the size of the H-C 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 H-C spot, or to excise a slightly larger area than the H-C spot size to account for larger spot 

sizes to ensure the entire H-C fraction is captured.  

Due to efficient separation of the blood and plasma components, H-DBS 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, H-PL does not require correction for haematocrit or plasma 

protein binding, which is particularly relevant for highly protein-bound drugs. It also avoids the 

artefactual elevation observed with low protein-bound drugs (e.g. NRTIs) that partition into red blood 

cells which has previously necessitated correction factors when using Whatman DBS (Zheng et al., 2014; 

Waitt et al., 2018). FVP is approximately 54% protein-bound, 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 (H-C) and calculation 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 F-RTP in red 

cells. 

In conclusion, two LCтMS/MS methods have been optimised and validated for quantification of FVP and 

F-RTP in HemaSep҂ plasma separation cards. The assays were used to quantify FVP and F-RTP in clinical 

samples taken from participants enrolled on the AGILE CST-6 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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AGILE CST-6: Pharmacokinetics of Favipiravir 
and the Active Metabolite, Favipiravir 

Ribofuranosyl -Ρќ-Triphosphate, 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 characterising F-RTP, as described in Chapter 6. 

Firstly, the collection of samples such as lung biopsies (e.g. for influenza, COVID-19) is invasive and 

impractical in a clinical trial scenario. Secondly, F-RTP is biologically and chemically unstable and is 

rapidly degraded in 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 F-RTP in whole blood collected in CPT tubes, with an average 61% decrease in 

concentrations after 1 h at ambient temperature. High variability in F-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 

ĦŸŰƚŔĬĲƖĲĬШċƚШƣőĲШћŊŸũĬШƚƣċŰĬċƖĬќЯШĤƨƣШvenepuncture is invasive and can be painful, factors 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 decreased biohazard risk compared to 

liquid matrices with reduced opportunity for needlestick during collection and potential inactivation of 

viral particles upon drying of the blood (Spooner et al., 2010; Sharma et 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 process (Chace et al., 2014; Sharma et al., 

2014). 



238 
 

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, partitioning into 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 CST-6 clinical trial utilised a plasma separation card, HemaSep҂ (H-

DBS), to collect dried whole blood (H-C) and dried plasma (H-PL). Following spotting of whole blood onto 

the H-DBS, the plasma separates from the cellular blood components, with full separation within 

approximately 2 minutes. H-DBS offer the additional benefit of allowing 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 F-RTP PBMC pharmacokinetic data from the AGILE CST-6 clinical 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 processing issues (e.g. haemolysis, improper filling 

of CPT) previously described in Chapter 6 (Table 6.3-1). 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 both drug 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 (NRTIs)(Castillo-Mancilla et al., 2015). The parent drug that resides primarily in 

the plasma and has relatively short half-life, can be used as a measure of short-term adherence 
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monitoring whereas the active intracellular metabolites have longer half-lives and can indicate long-term 

adherence to an ARV regimen. Therefore, using HemaSep҂ DBS 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 FVP-based regimens where adherence is key to the success of the 

treatment. Moreover, H-DBS enable time-matched 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 particular interest for FVP due to the uncertainties 

regarding its antiviral effects in vivo.  

8.2 Materials and Methods 

8.2.1 Trial Design 

The AGILE CST-6 trial design, inclusion/exclusion criteria and are as stated in section 4.2.  

8.2.2 Sample Collection  

H-DBS were collected on Day 1, Day 3 and Day 5 of the study. K2EDTA whole blood (2 mL) were collected 

on Day 1 and Day 3 at pre-dose, 0 т 1, 2 т 4 and 6 т 12 h post-completion of infusion. On Day 5, samples 

were only collected at 0 т 1 and 6 т 12 h post-completion of infusion. H-DBS were spotted with 100 µL of 

K2EDTA whole blood (2 spots per card) and left on benchtop for at least 10 minutes. Dried H-DBS were 

transferred to individual labelled Ziplock bags containing desiccant and a humidity indicator card before 

being stored at -80°C. The remainder of the K2EDTA 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 H-PL and F-RTP concentrations in H-C were determined using the validated LC-

MS/MS methods described in Chapter 7. F-RTP was extracted from a 12 mm punch (H-C) using weak 

anion exchange solid phase extraction (WAX SPE). The plasma outer ring (H-PL) was retained and FVP 

was extracted from this using simple protein precipitation with ACN.  

Calibration curves were in ng/sample and pmol/sample for FVP in H-PL and F-RTP H-C, 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 Non-plasma PK) using 

actual time post-completion of infusion, were established for FVP in H-PL and F-RTP in H-C using 

WinNonlin (Pheonix 64 v8.3, Certara, Radnor, PA). PK outputs were expressed as GM (95% CI). GMR 

between Day 1 and Day 3 were calculated for each PK parameter. Inter- and intra-individual variability in 

FVP and F-RTP concentrations was evaluated by calculating the coefficient of variation [%CV = (standard 

deviation/mean) × 100].  

Day 1 pre-dose samples below the LLQ were assigned 0 (H-C; pmol/sample, H-PL; ng/mL). All other 

samples < LLQ were imputed as ½ LLQ (H-PL: 25 ng/sample, equivalent to 500 ng/mL; F-RTP H-C: 12 

pmol/sample).  

The ratio of FVP in H-PL to liquid plasma (L-PL) was calculated using AUC0-last from Day 1 and Day 3 and 

the absolute FVP concentrations at 0 т 1 and 6 т 12 h for Day 5. Peak-to-trough ratios were calculated for 

FVP (H-PL) and F-RTP (H-C) using Day 3 Cmax (peak) and Day 3 concentrations at 6 т 12 h post-completion 

of infusion (C6-12, trough). 

FVP H-PL concentrations were related to a target Day 2 trough (Day 3 predose) concentration of 24900 

ng/mL, equivalent to the in vitro EC90 for SARS-CoV-ΞШыΝΡΦШ͓~ьЮШ 



241 
 

8.2.5 Statistical Analysis 

In order to make comparisons between the H-C data and PBPK predicted F-RTP concentrations(Pertinez 

et al., 2021)ЯШƣőĲШƓůŸũоƚċůƓũĲШƻċũƨĲƚШƽĲƖĲШĦŸŰƻĲƖƣĲĬШƣŸШ͓~ШƨƚŔŰŊШĬċƣċШŉƖŸůШŔŰĬŔƻŔĬƨċũШƓċƖƣŔĦŔƓċŰƣƚќШŉƨũũШ

blood count (FBC) to establish the approximate number of white blood cells (WBC) per spot (100 µL). 

EċĦőШƓċƖƣŔĦŔƓċŰƣќƚШ[79ШƽċƚШĦŸŰƻĲƖƣĲĬШŔŰƣŸШċШì79ШƻŸũƨůĲШƓĲƖШΝΜΜШӓL using the mean WBC volume of 0.3 

pL (Zipursky et al., 1976) and converted to µL by dividing by 1,000,000. The conversion formula was then 

applied (Equation 8.2.5-1).  

 

Аὓ  
ὴάέὰȾίὥάὴὰὩ

ὡὄὅ ὺέὰόάὩ А,
 

Equation 8.2.5-1 Conversion of pmol/sample assay output to µM for F-RTP H-C concentrations. WBC ш white blood 
cell, pmol ш picomole, µM - micromolar 

 

For H-PL, ng/sample assay readouts were converted to ng/mL by multiplying by 20 based on an assumed 

and constant dried plasma volume of 50 µL per 100 µL of whole blood (H-PLCV). The FBC obtained for 

each participant was also used to correct H-PL values to ng/mL based on the estimated   plasma volume 

per spot (H-PLEV). 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 per H-DBS 

spŸƣШƽċƚШĦċũĦƨũċƣĲĬШĤǃШĬŔƻŔĬŔŰŊШƣőĲШћƓĲƖШůŔũũŔũŔƣƖĲќШĦŸƨŰƣШĤǃШΝΜШƣŸШŸĤƣċŔŰШƣőĲШŰƨůĤĲƖШŸŉШÅ79ШċŰĬШì79ШƓĲƖШ

100 µL spot (Equation 8.2.5-2). The total cell volumes were then established (Equation 8.2.5-3) and used 

to estimate the plasma volume per spot (Equation 8.2.5-4). The ng/sample assay readout was then 

converted to ng/mL using this estimated plasma volume (Equation 8.2.5-5). 

 

 



242 
 

 

ὡὄὅ ὴὩὶ ρππ Аὒ  
ὔόάὦὩὶ έὪ ὡὄὅ ὴὩὶ άὭὰὰὭὰὭὸὶὩ

ρπ
  

Ὑὄὅ ὴὩὶ ρππ Аὒ  
ὔόάὦὩὶ έὪ Ὑὄὅ ὴὩὶ άὭὰὰὭὰὭὸὶὩ

ρπ
 

Equation 8.2.5-2 Calculation of WBC and RBC per 100 µL H-C spot. WBC ш white blood cell, RBC ш red blood cell 

 

Ὕέὸὥὰ Ὑὄὅ ὺέὰόάὩ А,  
Ὑὄὅ ὴὩὶ ρππ А, Ø -#6

ρππππππ
 

Ὕέὸὥὰ ὡὄὅ ὺέὰόάὩ А,
ὡὄὅ ὴὩὶ ρππ А, Ø πȢσ Ð,

ρππππππ
 

Equation 8.2.5-3 Calculation of total WBC volume and total RBC volume. WBC ш white blood cell, RBC ш red blood 
cell, MCV ш mean corpuscular volume 

 

ὖὰὥίάὥ ὺέὰόάὩ ὴὩὶ ίὴέὸ А, ρππ Ὕέὸὥὰ ὡὄὅ ὺέὰόάὩ Ὥὲ А, 4ÏÔÁÌ 2"# ÖÏÌÕÍÅ ÉÎ А, 

Equation 8.2.4-4 Estimation of plasma volume per H-C spot. WBC ш white blood cell, RBC ш red blood cell 

 

ὲὫ

άὒ

ρπππ А, 

ὖὰὥίάὥ ὺέὰόάὩ ὴὩὶ ίὴέὸ А,
 ὲὫȾίὥάὴὰὩ 

Equation 8.2.5-5 Conversion of ng/sample assay readout to ng/mL 

 

 

SigmaPlot (version 14.5, Grafiti, Paolo Alto, CA) was used for correlations. Bland-Altman and non-linear 

regression analyses were performed to establish the impact on the strength of agreement between H-PL 

and L-PL methods when correcting and L-PL methods when correcting on-column H-PL values to ng/mL 

based on an estimated plasma volume (H-PLEV) ĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШƓċƖƣŔĦŔƓċŰƣƚќШŉƨũũШĤũŸŸĬШĦŸƨŰƣШversus 

using a constant plasma volume of 50 µL (H-PLCV). Wilcoxon signed rank tests were performed to assess 

the difference between PK parameters calculated using L-PL, H-PLCV and H-PLEV FVP concentrations. 
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8.3 Results 

8.3.1 Pharmacokinetics of Favipiravir in H-PLCV 

A total of 152 of 154 (98.7%) H-PL values from 16 participants were included in the analysis. One 

participant (005, Day 1, 6 т 12 h) could not be analysed for FVP due to incomplete separation of plasma 

on the H-DBS and another was excluded to a sample collection error (005 Day 3). All Day 1 pre-dose 

samples (n=16) were below the assay LLQ of 50 ng/sample (equivalent to 1000 ng/mL). On Day 3, 10 

(16%) samples (600 and 1200 mg cohorts) were < LLQ and on Day 5, 2 samples (4%) from the 600 mg 

cohort were < LLQ. A summary of PK parameters for Day 1 and Day 3 is presented in Table 8.3.1-1 and 

Day 5 concentrations in Table 8.3.1-2. Concentration-time curves for all participants and cohorts, 

stratified by day are presented in Figure 8.3.1-1.  

FVP concentrations in H-PLCV increased with ascending dose (Figure 8.3.1-2) and accumulated over the 

duration of treatment, as noted by an increase in Cmax and AUC0-last from Day 1 to Day 3 (Table 8.3.1-1). 

Day 1 GM FVP exposures (AUC0-last) 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 Cmax values (GM) were 

14306, 38106, 57447 and 90607 ng/mL, respectively. On Day 3 exposures increased 1.3-fold for the 600 

mg (N = 3), 2.3-fold for the 1200 mg (N= 4), 2.4-fold for the1800 mg (N = 4) and 2.1-fold for the 2400 mg 

(N = 4) cohorts to 38151, 238669, 345298 and 616794 ng·h/mL. Corresponding Cmax 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 8.3.1-2). GMR (95% CI) for Cmax and AUC0-last were 1.40 (1.13, 1.72) and 1.98 (1.54, 

2.55), respectively (Table 8.3.1-3). Interindividual variability was notable, with %CV > 50% for multiple PK 

parameters. Maximum FVP concentrations were achieved between 0.12 т 2.42 h post completion of the 

IV infusion (Table 8.3.1-1). On Day 3, a minority of participants (n = 1 600mg, n=1 1200mg, n=1 1800mg) 

experienced a decrease in FVP concentration at the 2 т 4 h time point, followed by increased FVP levels 
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at 6 т 12 h timepoint resulting in a delayed Tmax of over 6 h. This phenomenon was also observed in a single 

participant in the 2400 mg cohort on Day 1.  

Day 3 pre-dose (C0ьЯШƨƚĲĬШċƚШċШƚƨƖƖŸŊċƣĲШљĬċǃШΞњШƣƖŸƨŊőШũĲƻĲũЯШŔŰĦƖĲċƚĲĬШƽŔƣőШĲƚĦċũċƣŔŰŊШĬŸƚĲƚЮШc-PLCV 

Day 3 C0 were 500, 4469, 19449 and 62360 ng/mL and were consistent with L-PL levels in terms of the 

proportion of participants with exceeding the 24900 ng/mL target (Table 8.3.3-3, Figure 8.3.3-2). This is 

reflected in the ratio of FVP in H-PL-to-L-PL, median (range) ratios on Day 1|Day 3|Day 5 were 1.03 (0.63 

т 1.47), 0.84 (0.53 т 1.58) and 0.82 (0.37 т 1.22). 
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Pharmacokinetic Characteristics  for FVP in H-PLCV on Days 1 and 3 

 

Table 8.3.1-1 Pharmacokinetic parameters (GM [95% CI]) for FVP in H-PLCV on study Day 1 and Day 3, stratified by cohort and study day. Tmax ш time to maximum 
concentration, C0/trough ш predose concentration, Cmax - maximum concentration, Tlast ш time of last concentration, Clast ш last concentration, AUC ш area under the 
concentration-time curve 

 

 

 

Day Dose (mg, 
BD) 

Tmax  

(h) 
C0/trough  

 (ng/mL)# 
Cmax 

 (ng/mL) 
Tlast  

(h) 
Clast  

 (ng/mL) 
AUC0-last  

(ng·h/mL) 
Day 1 600, N = 4 0.25 

(0.17, 0.38) 
0.00 

- 
14306.56 

(9861.44, 20755.36) 
5.08 

(2.92, 8.85) 
1001.42 

(109.81, 9132.26) 
28480.50 

(17922.70, 45257.65) 
 1200, N = 4 0.39 

(0.25, 0.59) 
0.00 

- 
38106.91 

(21134.95, 68707.83) 
6.51 

(6.05, 7.01) 
2882.67 

(347.13, 23938.46) 
103894.46 

(40366.54, 257401.12) 
 1800, N =4 0.24 

(0.08, 0.73) 
0.00 

- 
57447.65 

(29113.32, 113358.14) 
6.28 

(6.06, 6.51) 
3596.49 

(231.38, 55903.65) 
142353.71 

(52789.78, 383873.18) 
 2400, N = 4 0.44 

(0.02, 8.24) 
0.00 

- 
90607.42 

(47303.59, 173553.50) 
6.27 

(5.84, 6.73) 
19349.52 

(1434.66, 260970.51) 
300224.40 

(103562.21, 870343.46) 
Day 3 600, N = 4 0.80 

(0.13, 4.80) 
500.00 

(500.00, 500.00) 
15216.04 

(6631.63, 34912.65) 
6.24 

(5.95, 6.55) 
688.59 

(248.67, 1906.74) 
38151.62 

(21046.04, 69160.10) 
 1200, N = 4 0.74 

(0.07, 7.34) 
4469.01 

(79.86.25077.15) 
62019.27 

(34938.53, 110090.20) 
6.46 

(6.05, 6.89) 
19144.03 

(1331.08, 275335.66) 
238669.82 

(67539.08, 843412.27) 
 1800, N = 4 0.59 

(0.04, 9.89) 
19449.73 

(8822.84, 42876.45) 
78526.86 

(44836.04, 137533.71) 
6.19 

(5.88, 6.51) 
50663.38 

(22410.96, 114532.25) 
345298.02 

(228445.00, 521923.09) 
 2400, N = 4 0.93 

(0.05, 15.87) 
62360.08 

(11072.45, 351212.24) 
145964.92 

(69114.98, 308265.45) 
6.29 

(5.90, 6.71) 
62128.33 

(13942.96, 276837.06) 
616794.07 

(260858.94, 14588393.06) 
# sample prior to first dose of the day; Day 1 = C0, Day 3 = Ctrough 

N = Number  of participants  in the evaluable  population  
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Day 5 FVP H-PLCV Concentrations  

Time (h) Dose  
(mg, BD) 

Favipiravir  
(ng/mL) 

Time post infusion  
(h) 

0-1 600, N = 3 23746.60 
(18845.20 - 24261.80) 

0.40 
(0.03 т 0.82) 

 1200, N = 4 52800.29 
(35776.60 т 82748.60) 

0.58 
(0.02 т 0.62) 

 1800, N =3 58302.40 
(55072.40 т 101744.80) 

0.17 
(0.08 т 0.18) 

 2400, N = 3 137686.00 
(101248.00 т 228735.20) 

0.28 
(0.23 - 0.47) 

6-12 600, N = 3 500.00 
(500.00 т 4457.20) 

6.22 
(6.00 т 6.25) 

 1200, N = 4 16642.00 
(3863.80 т 79232.40) 

6.22 
(6.00 -6.52) 

 1800, N = 3 61449.40 
(54154.60 т 99757.20) 

6.08 
(6.08 т 6.48) 

 2400, N = 3 109592.80 
(87216.80 т 198189.60) 

6.28 
(6.28 т 6.57) 

Table 8.3.1-2 Summary (median [ range]) of FVP concentrations in H-PLCV on Day 5, stratified by cohort and sampling window. N ш number of participants, BD ш twice 
daily 
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Geometric Mean Ratios (Day 3 vs Day 1) for H-PLCV Pharmacokinetic Parameters  

Patient#  
Cmax AUC0-last  Clast  Tmax Tlast  

D1 D3 D3/D1 log D1 D3 D3/D1 log D1 D3 
D3/ 
D1 

log D1 D3 
D3/ 
D1 

log D1 D3 D3/D1 log 

FAV1049001 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 0.92 -0.04 5.97 6.05 1.01 0.01 
FAV1049005 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 3.58 14.32 1.16 3.02 6.27 2.08 0.32 
FAV1049006 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 
FAV1049007 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 0.59 5.95 6.17 1.04 0.02 
FAV1049008 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 0.43 1.59 0.20 6.43 6.43 1.00 0.00 

FAV1049010 36568.40 46505.20 1.27 0.10 69987.98 113947.91 1.63 0.21 500.00 2627.00 5.25 0.72 0.38 0.45 1.18 0.07 6.97 6.83 0.98 -0.01 

FAV1049011 45007.40 87740.60 1.95 0.29 131934.44 473658.45 3.59 0.56 7349.20 87740.60 11.94 1.08 0.50 6.20 12.40 1.09 6.28 6.20 0.99 -0.01 
FAV1049012 23221.60 44416.80 1.91 0.28 58899.82 126771.79 2.15 0.33 2114.20 8768.00 4.15 0.62 0.43 0.25 0.58 -0.24 6.38 6.38 1.00 0.00 

FAV1049015 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 

FAV1049017 41102.60 47170.40 1.15 0.06 86174.50 243991.78 2.83 0.45 1480.20 34398.80 23.24 1.37 0.18 0.92 5.11 0.71 6.43 6.43 1.00 0.00 
FAV1049018 38504.80 99624.60 2.59 0.41 80806.49 353075.37 4.37 0.64 500.00 33499.40 67.00 1.83 0.62 0.13 0.21 -0.68 6.27 6.03 0.96 -0.02 

FAV1049020 78850.60 81635.80 1.04 0.02 218228.55 360665.91 1.65 0.22 11480.20 57682.00 5.02 0.70 0.12 0.17 1.42 0.15 6.33 6.27 0.99 0.00 

FAV1049022 72111.00 143357.60 1.99 0.30 175793.55 400698.35 2.28 0.36 2931.60 32816.00 11.19 1.05 0.08 0.12 1.50 0.18 6.67 6.23 0.93 -0.03 
FAV1049024 57855.00 78339.80 1.35 0.13 161608.17 413572.04 2.56 0.41 9198.20 33715.20 3.67 0.56 0.22 0.42 1.91 0.28 6.17 6.62 1.07 0.03 

FAV1049025 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 

FAV1049026 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 2.42 0.40 -0.39 6.00 6.00 1.00 0.00 

Mean 

 

 0.15 

 

 0.30 

 

 0.58 

 

 0.38 

 

 0.02 
GMean 1.40 1.40 1.98 1.98 3.79 3.79 2.38 2.38 1.05 1.05 

SD  0.15  0.19  0.64  0.61  0.08 
St Err  0.05  0.06  0.19  0.18  0.02 

Low 95%  0.05  0.19  0.20  0.02  -0.03 
Up 95%  0.24  0.41  0.96  0.74  0.07 

Anti-log Low  1.13  1.54  1.58  1.04  0.94 

Anti-log Up  1.72  2.55  9.05  5.44  1.17 

Table 8.3.1-3 GMR for all H-PLCV PK parameters on Day 1 and Day 3. Gmean ш geometric mean, SD -standard deviation, St Err ш standard error Cmax ш maximum 
concentration, AUC ш area under the concentration-time curve, Clast ш last concentration, Tmax ш time to maximum concentration, Tlast- time of last concentration 

 

 



248 
 

 

Concentration -Time Curves for FVP H-PLCV for All Participants on AGILE CST-6 

 

Figure 8.3.1-1 Favipiravir concentrations in H-PLCV over actual time post infusion stratified by study day in hospitalized COVID-19 patients receiving IV FVP 600 mg 
BD over 1 h (Cohort 1: pink markers and lines ), 1200 mg BD over 1 h (Cohort 2: blue markers and lines ), 1800 mg BD over 1 h (Cohort 3: green markers and lines ) 
and 2400 mg BD for 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 CST-6 Dosing Cohorts, Stratified by Day  

Figure 8.3.1-2 GM FVP H-PLCV concentration versus geometric mean actual time post-completion of infusion for all cohorts, stratified by day. Error bars represent 
the 95% confidence interval 
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Geometric Mean FVP AUC and Cmax in L-PL and H-PLCV 

Figure 8.3.1-3 GM (95%CI) FVP AUClast (top) and Cmax (bottom) in L-PL and H-PLCV  , stratified by day. Black dashed lines indicate the 95% CI for L-PL and red dotted 
lines indicate 95% CI for H-PLCV
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8.3.2 Pharmacokinetics of Favipiravir in H-PLEV 

A summary of PK parameters for H-PLEV Day 1 and Day 3 is presented in Table 8.3.2-1 and Day 5 

concentrations in Table 8.3.2-2. Concentration-time curves for all participants, all cohorts are presented 

in Figure 8.3.2-1. Median (range) plasma volume (HPLEV) calculated using FBC information (Table 8.3.2-

1) was 63 (50 т 76) µL.  

FVP concentrations in H-PLEV increased with ascending dose and accumulated over time, noted by 

increased in Cmax and AUC0-last from Day 1 to Day 3 (Table 8.3.2-2). Day 1 GM FVP exposures (AUC0-last) 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 Cmax 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) cohorts to 29242, 191123, 282683 and 527979 ng·h/mL. GM Cmax values for Day 3 were 

11663, 49594, 65311 and 117932 ng/mL, respectively (Figure 8.3.3-2). GMR (95% CI) for Cmax and AUC0-

last were 1.41 (1.14, 1.75) and 2.03 (1.58, 2.62), respectively (Table 8.3.2-3). 

GM Day 3 C0 were 383, 3426, 15838 and 50350 ng/mL. Day 3 pre-dose concentrations mirrored the L-PL 

and H-PLCV 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 8.3.3-3).
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Participant ID  Day WBC count  

(x 109/L) 

RBC count 

(x109/L) 

WBC per  

100 µL 

RBC per  

100 µL 

Volume of 

WBC (µL) 

Volume of 

RBC (µL) 

Total Cell Volume 

(µL) 

Volume of Plasma 

(µL) 

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 2.5 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 

          

Red and White Blood Cell Counts and Volumes for All Participants  
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Participant ID  Day WBC count  

(x 109/L) 

RBC count 

(x109/L) 

WBC per  

100 µL 

RBC per  

100 µL 

Volume of 

WBC (µL) 

Volume of 

RBC (µL) 

Total Cell Volume 

(µL) 

Volume of Plasma 

(µL) 

FAV1049011 Day 1 3.9 4080 390000 408000000 0.1 37.4 38 62 

FAV1049011 Day 3 4.3 4070 430000 407000000 0.1 37.5 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 2.5 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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Table 8.3.2-1 Red (RBC) and white (WBC) counts for each participant on Day 1, Day 3 and Day 5 with calculated cell volume and plasma volume per H-DBS. SD ш 
standard deviation, CV ш coefficient of variation  

Participant ID  Day WBC count  

(x 109/L) 

RBC count 

(x109/L) 

WBC per 100 

µL 

RBC  

per 100 µL 

Volume of 

WBC (µL) 

Volume of 

RBC (µL) 

Total Cell Volume 

(µL) 

Volume of Plasma 

(µL) 

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 2.5 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 5.4 5.4 5.4 

 %CV 53.6 14.4 53.6 14.4 53.6 15.1 15.0 8.5 
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Pharmacokinetic Parameters for FVP in H -PLEV on Day 1 and Day 3 

Table 8.3.2-2 Pharmacokinetic parameters (GM[95% confidence interval]) for FVP in H-PLEV on study Day 1 and Day 3, stratified by cohort and study day. Tmax ш time 
to maximum concentration, C0/trough ш predose concentration, Cmax - maximum concentration, Tlast ш time of last concentration, Clast ш last concentration, AUC ш area 
under the concentration-time curve. 

 

 

Day Dose (mg, 
BD) 

Tmax  

(h) 
C0/trough  

 (ng/mL)# 
Cmax 

 (ng/mL) 
Tlast  

(h) 
Clast  

 (ng/mL) 
AUC0-last  

(h*ng/mL) 
Day 1 600, N = 4 0.25 

(0.17, 0.38) 
0.00 

- 
11000.33 

(7263.33, 16660.04) 
5.08 

(2.92, 8.85) 
769.99 

(88.70, 6684.23) 
21898.69 

(13533.17, 35435.35) 
 1200, N = 4 0.39 

(0.25, 0.59) 
0.00 

- 
28556.26 

(17297.71, 47142.67) 
6.51 

(6.05, 7.01) 
2160.19 

(269.56, 17311.43) 
77855.63 

(33299.28, 182030.92) 
 1800, N =4 0.24 

(0.08, 0.73) 
0.00 

- 
46500.21 

(24105.45, 89700.43) 
6.28 

(6.06, 6.51) 
2911.13 

(192.32, 44063.69) 
115226.25 

(43611.79, 304438.05) 
 2400, N = 4 0.44 

(0.02, 8.24) 
0.00 

- 
76861.00 

(41211.76, 143347.76) 
6.27 

(5.84, 6.73) 
16102.19 

(1286.74, 201502.66) 
249823.95 

(92722.79, 673103.19) 
Day 3 600, N = 4 0.80 

(0.13, 4.80) 
383.24 

(339.14, 433.07) 
11662.80 

(4631.29 ,29369.87) 
6.24 

(5.95, 6.55) 
527.79 

(202.81, 1373.54) 
29242.42 

(14520.79, 58889.33) 
 1200, N = 4 0.74 

(0.07, 7.34) 
3425.90 

(65.89, 178122.09) 
49593.45 

(26276.77, 93600.26) 
6.46 

(6.05, 6.89) 
15308.45 

(1011.56, 231669.87) 
191122.70 

(52395.87, 697153.94) 
 1800, N = 4 0.49 

(0.05, 5.05) 
15838.07 

(7070.69, 35476.70) 
65311.02 

(35113.53, 121478.21) 
6.19 

(5.88, 6.51) 
41255.60 

(18056.24, 94262.40) 
282683.00 

(179832.08, 444357.19) 
 2400, N = 4 0.55 

(0.04, 8.06) 
50350.03 

(10873.44, 233148.49) 
117931.70 

(57362.93, 242454.27) 
6.29 

(5.90, 6.71) 
64200.93 

(14523.64, 283796.53) 
527978.65 

(242705.80, 1148557.05) 
# sample prior to first dose of the day; Day 1 = C0, Day 3 = Ctrough 

N = Number  of participants  in the evaluable  population  



256 
 

 

 

Day 5 FVP H-PLEV Concentrations  

Time (h) Dose  
(mg, BD) 

Favipiravir  
(ng/mL) 

Time post infusion  
(h) 

0-1 
600, N = 3 17764.32 

(14426.31 т 18178.41) 
0.40 

(0.03 т 0.82) 

 
1200, N = 4 57413.86 

(27300.38 т 91475.44) 
0.58 

(0.02 т 0.62) 

 
1800, N =3 402.71 

(366.10 т 82361.56) 
0.17 

(0.08 т 0.18) 

 
2400, N = 3 121635.48 

(102572.72 т 211835.61) 
0.28 

(0.23 - 0.47) 

6-12 
600, N = 3 382.76 

(382.76 т 3263.53) 
6.22 

(6.00 т 6.25) 
 1200, N = 4 37221.64 

(2948.39 т 80604.82) 
6.22 

(6.00 -6.52) 
 1800, N = 3 80346.20 

(44992.69 т 80794.96) 
6.08 

(6.08 т 6.48) 
 2400, N = 3 87033.68 

(82154.64 т 129343.18) 
6.28 

(6.28 т 6.57) 

 

Table 8.3.2-3 Summary (median [ range]) of FVP concentrations in H-PLEV on Day 5, stratified by cohort and sampling window. N ш number of participants, h - hours 
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Concentration -Time Curves for FVP in HPLEV for All Participants, Stratified by Day  

 
Figure 8.3.2-1 Favipiravir concentrations in H-PLEV over actual time post infusion stratified by study day in hospitalized COVID-19 patients receiving IV FVP 600 mg 
BD over 1 h (Cohort 1: pink markers and lines ), 1200 mg BD over 1 h (Cohort 2: blue markers and lines ), 1800 mg BD over 1 h (Cohort 3: green markers and lines ) 
and 2400 mg BD for 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 H-PLEV, for all Dosing Cohorts Stratified by Day  

 

Figure 8.3.2-2 Geometric mean FVP H-PLEV  concentration versus geometric mean actual time post-completion of infusion for all cohorts, stratified by day. Error bars 
represent the 95% confidence interval 
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Geometric Mean AUC and Cmax FVP in L-PL and H-PLEV, Stratified by Day  

8.3.2-3 GM (95%CI) FVP AUClast (top) and Cmax (bottom) in L-PL and H-PLEV , stratified by day. Black dashed lines indicate the 95% CI for L-PL and red dotted lines 
indicate 95% CI for H-PLEV 

 

 

Day 3 Day 1 


