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Combined Oral Contraceptives-Induced Coagulopathies — Evaluation of the
Prothrombotic State Using a Global Coagulation Assay

Twenty-two thousand cases of thrombosis occur each year in Europe following the
use of birth control pills containing an oestrogen derivative and a progestin (and
qualified as combined oral contraceptives (COCs)). One of the major challenges for
healthcare professionals is to identify women at risk. To this end, several guidelines
offer support in tailoring contraception, according to the patient’s profile. However,
these strategies rely on epidemiological data and do not allow for an accurate
assessment of the risk of venous thromboembolism (VTE) at the individual level.

Recent data has confirmed activated protein C (APC) resistance, a dysregulation of
haemostasis, as an independent VTE risk factor. Although several methods for APC
resistance (APCR) detection have been developed, the endogenous thrombin
potential (ETP)-based APCR assay has proven to be the most suitable for the
assessment of COC-induced changes on the coagulation system. Besides, this test is
required by the European Medicines Agency as part of the haematological
assessment of the thrombogenic profile of new COC preparations. In addition, as the
result is presented as a normalized APC sensitivity ratio (nAPCsr) ranging from 0 to
10, result interpretation is very easy: the higher the nAPCsr, the higher the resistance
to APC.

The objective of this thesis is to demonstrate the analytical performances of the ETP-
based APCR assay as well as its interest in the routine care setting to aspire to the
title of biomarker to characterize the VTE risk of women on contraception.

Although this test was developed more than 20 years ago, it has been underused
because the lack of standardization led to an unacceptable variability, hampering the
proper evaluation of APCR induced by hormonal therapies in different studies. The
first step undeniably consisted in validating the methodology, according to
regulatory requirements in terms of analytical performances. To ensure the good
reproducibility of the test, we transferred the methodology in two external
laboratories to verify that similar results were obtained regardless of the laboratory.
Finally, considering its screening potential, the next phase consisted in implementing
the ETP-based APCR assay on an automated platform. Indeed, making it available in
clinical routine would make the test accessible to prescribers and patients.



In a second step, to illustrate the VTE risk prediction capacities of the nAPCsr, we
created exploratory prediction models by combining both the level of APCR
(expressed as nAPCsr) for specific COC preparations with their respective VTE
relative risk extracted from published epidemiological studies. VTE risk estimated by
the models for different birth control pills were similar to those reported in
population-based phase IV trials. Actually, these population-based phase IV trials are
undertaken following the marketing of a new COC to assess its long-term safety and
to identify unusual side effects. In definitive, these models could serve for regulatory
purpose since they could permit to avoid waiting almost a decade before positioning
on the potential risk of VTE of a particular COC (currently set only at the end of
population-based phase IV trials). It may also save time and money for the
pharmaceutical companies and the regulators and may facilitate the uptake of
innovative compounds for the clinicians by providing reassuring data on the risk of
VTE with hormonal therapies.

Lastly, in 2021, a new COC containing 15 mg of estetrol and 3 mg of drospirenone
was marketed. The haemostasis profile investigated during the phase Il clinical trial
revealed a moderate effect of this preparation on the nAPCsr. In agreement with the
pharmaceutical company which produces it, we further explored data originating
from the ETP-based APCR assay. Thanks to these investigations, we could confirm
the lower impact of this new COC on the global coagulation process compared to the
most commonly used birth control pills (containing ethinylestradiol as oestrogen
derivative).

As a perspective, we are convinced that the nAPCsr has the potential to become a
safety biomarker to assess the VTE risk in women on COCs and a surrogate endpoint
allowing an in-silico evaluation of the VTE risk profile of new COC preparations
before population-based phase IV trials are completed. Starting the procedure of
biomarker qualification by the European Medicine Agency will represent the next
step. Future research should also focus on the extended use of the nAPCsr. We have
already demonstrated that it could be useful in other hormone-induced
coagulopathies, such as during pregnancy and in the postpartum period or due to
the intake of menopausal replacement therapies or tamoxifen therapy in breast
cancer patients. Last but not least, as mentioned in the last ISTH SSC communication,
the scope of this test goes beyond hormone-induced prothrombotic states and might
be relevant in other pathologies such as haematological cancer and antiphospholipid
syndrome.
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Les Coagulopathies Induites par les Contraceptifs Oraux Combinés —
Evaluation de I’Etat Prothrombotique a P'Aide d’un Test Global de la
Coagulation

22 000 cas de thromboses surviennent chague année en Europe suite a I'utilisation
de contraceptifs oraux combinés (« combined oral contraceptives », COCs). L'un des
principaux challenges pour les professionnels de la santé est d'identifier ces femmes
a risque. A cette fin, plusieurs lignes directrices offrent un soutien pour adapter la
contraception en fonction du profil de la patiente. Cependant, ces stratégies
reposent sur des données épidémiologiques et ne permettent pas une évaluation
précise du risque de thromboembolie veineuse («venous thromboembolism », VTE).

Des données récentes ont confirmé qu’une résistance a la protéine C activée
(« activated protein C », APC), considérée comme un dysfonctionnement au niveau
de I'némostase, représente un facteur de risque indépendant de VTE. Bien que
plusieurs tests aient été développés, c’est le test de résistance a I’APC basé sur le
potentiel de thrombine endogene (« endogenous thrombin potential », ETP) qui s'est
montré le plus sensible pour évaluer les changements induits par les COCs sur le
systeme de la coagulation. Ce test est d’ailleurs un requis reglementaire par I'Agence
Européenne des Médicaments dans le cadre de I'évaluation du profil thrombogéne
des COCs en étude clinique. De plus, les résultats de ce test peuvent étre exprimés
en un ratio allant d’'une échelle de 0 a 10, appelé « normalized activated protein C
sensitivity ratio (nAPCsr) », ce qui offre une interprétation aisée des résultats : au
plus le nAPCsr est élevé, au plus la résistance a I’APC est importante.

L’objectif de cette these est de démontrer les performances analytiques du test de
résistance a I’APC basé sur I'ETP ainsi que son intérét en routine clinique pour
prétendre au titre de biomarqueur afin de caractériser le risque de VTE chez les
femmes sous contraception.

Bien que ce test ait été développé il y a plus de 20 ans, il a longtemps été mis de coté,
car le manque de standardisation a conduit a une variabilité inacceptable,
empéchant la bonne évaluation de la résistance a I’APC induite par les thérapies
hormonales. La premiere étape a indéniablement consisté a valider la méthodologie,
selon les exigences réglementaires en termes de performances analytiques. Afin
d'assurer la bonne reproductibilité du test, nous avons transféré la méthodologie
dans deux laboratoires externes pour vérifier que des résultats similaires étaient



obtenus, quel que soit le laboratoire. Enfin, compte tenu de son potentiel de
dépistage, la phase suivante a consisté a implémenter le test de résistance a I’APC
basé sur I'ETP sur une plateforme automatisée. En effet, sa mise a disposition en
routine clinique rendrait le test accessible aux prescripteurs et aux patients.

Dans un deuxiéme temps, pour illustrer les capacités de prédiction du risque de VTE
du nAPCsr, nous avons créé des modeles de prédiction exploratoires en combinant
a la fois le niveau de résistance a I’APC (exprimé en nAPCsr) de différents COCs avec
leur risque relatif de VTE extrait d'études épidémiologiques. Le risque de VTE a
ensuite été estimé, sur base de ces modeles, pour deux pilules contraceptives bien
distinctes. Le risque était alors similaire a celui rapporté dans les études dites de
phase IV ou de pharmacovigilance. Ces études de phase IV sont entreprises apres la
mise sur le marché d’un nouveau médicament afin d'évaluer sa sécurité a long terme
et d'identifier les effets secondaires inhabituels. In fine, ces modeles pourraient
servir a des fins réglementaires puisqu'ils pourraient permettre d'éviter d'attendre
prés d'une décennie avant de se positionner sur le risque potentiel de VTE d'un COC
particulier (actuellement déterminé par les études de pharmacovigilance). lls
pourraient représenter un gain de temps pour les entreprises pharmaceutiques et
les organismes de reglementation et faciliter |'utilisation de composés innovants par
les cliniciens en fournissant des données rassurantes sur le risque de VTE associé aux
thérapies hormonales.

Enfin, en 2021, un nouveau COC contenant 15 mg d'estétrol et 3 mg de drospirénone
a été commercialisé. Le profil d’hémostase étudié lors de I'étude clinique de phase
Il a révélé un effet modéré de cette préparation sur le nAPCsr. En accord avec la
société pharmaceutique qui le produit, nous avons exploré plus profondément les
données provenant du test de résistance a I’APC basé sur I'ETP. Grace a ces
investigations, nous avons pu confirmer le moindre impact de ce nouveau COC sur
le processus global de coagulation par rapport aux pilules contraceptives les plus
couramment utilisées (contenant de I'éthinylestradiol comme dérivé estrogénique).

En perspective, nous sommes convaincus que le nAPCsr pourrait devenir un
biomarqueur de sécurité pour évaluer le risque de VTE chez les femmes sous COC et
un biomarqueur de substitution permettant une évaluation rapide du profil de
risque de VTE des nouveaux COCs avant la fin des études de pharmacovigilance. La
prochaine étape consistera a démarrer la procédure de qualification de biomarqueur
auprées de I'Agence Européenne du Médicament. Les recherches futures devraient
également se concentrer sur l'utilisation étendue du nAPCsr. Nous avons déja
démontré qu'il pourrait étre utile dans d'autres coagulopathies d’origine
hormonales. Par exemple, durant la grossesse et la période de postpartum ou suite
a la prise d’un traitement hormonal de substitution chez les femmes ménopausées,
ou encore, de tamoxiféne chez les personnes souffrant d’'un cancer du sein



hormono-dépendant. Enfin, comme mentionné dans la derniére communication de
la SSC de I'ISTH, le champ d'application de ce test va au-dela des états
prothrombotiques induits par les hormones et pourrait étre pertinent dans d'autres
pathologies telles que les hémopathies malignes et le syndrome des
antiphospholipides.
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SUMMARY

Many factors must be considered and discussed with women when initiating a
contraceptive method and the risk of venous thromboembolism (VTE) is one of
them. In this review, we discuss the numerous strategies that have been
implemented to reduce the thrombotic risk associated with combined oral
contraceptives (COCs) from their arrival on the market until today. Evidence
suggesting that COCs were associated with an increased risk of VTE appeared rapidly
after their marketing. Identified as the main contributor of this risk, the dosage of
the oestrogen, i.e., ethinylestradiol (EE), was significantly reduced. New progestins
were also synthesized (e.g., desogestrel or gestodene) but their weak androgenic
activity did not permit them to counterbalance the effect of EE as did the initial
progestins such as levonorgestrel. Numerous studies assessed the impact of
oestroprogestative combinations on haemostasis and demonstrated that women
under COC suffered from resistance towards activated protein C (APC).
Subsequently, the European Medicines Agency updated its guidelines on clinical
investigation of steroid contraceptives in which they recommended assessing this
biological marker. In 2009, oestradiol-containing COCs were marketed and the use
of this natural form of oestrogen was found to exert a weaker effect on the synthesis
of hepatic proteins compared to EE. In 2021, a novel COC based on a native
oestrogen, i.e., estetrol, was introduced on the market. Associated with
drospirenone, this preparation demonstrated minor effects on coagulation proteins
as compared with other drospirenone-containing COCs. At the present time, the
standard of care when starting contraception, consists of identifying the presence of
hereditary thrombophilia solely based on familial history of VTE. This strategy has,
however, been reported as poorly predictive of hereditary thrombophilia. One
rationale and affordable perspective which has already been considered in the past
could be the implementation of a baseline screening of the prothrombotic state to
provide healthcare professionals with objective data to support the prescription of
the more appropriate contraceptive method. While this strategy was judged too
expensive due to limited laboratory solutions, the endogenous thrombin potential-
based APC resistance assay could now represent an interesting alternative.



Introduction

INTRODUCTION

When oral contraceptives became generally available during the early 1960s, their
use rapidly increased and in 2019, it was estimated that over 150 million women
were using the pill worldwide (United Nations, 2019). With such many subjects on
this medication, and with a majority using combined oestrogen-progestin products,
even a small increase in risk of serious side effects affects the lives of many women.
Moreover, as contraceptive therapies are administered to healthy young women
with the aim to prevent unwanted pregnancies, the occurrence of side effects should
be as low as possible and risk minimization strategies should be implemented
accordingly.

1960 — THE BEGINNING OF COMBINED ORAL CONTRACEPTIVES ERA

Evidence suggesting that oral contraceptives were associated with an increased risk
of venous thromboembolism (VTE) events appeared rapidly after they were
marketed (Figure 0.1). The first case of VTE was reported in 1961 in a 40-year-old
woman who had been given Enovid®, an association of 150ug of mestranol and 10mg
of norethynodrel for the control of endometriosis (Jordan et al., 1961; Stadel, 1981).
This association of an oestrogen with a progestin marked the beginning of the
combined hormonal contraceptives (CHCs) era which were initially only given by the
oral route. In the subsequent years, it was reported that the occurrence of VTE was
higher with combined oral contraceptives (COCs) containing more than 50ug of
oestrogen, either mestranol or ethinylestradiol (EE), compared to preparations
containing a lower dosage (Inman et al., 1970). Following the publication of these
reports, the British Committee on Safety of Drugs, one of the leading instances for
drug safety at that period, issued, in 1969, a statement indicating that the dose of
oestrogen contained in oral contraceptives was positively associated with an
increased risk of VTE (Vessey et al., 1973). The dosage of oestrogen was then reduced
from 75ug, or more, to 50ug and afterwards to 30 and 20ug. At the present time,
some COCs even contain 10ug of EE (e.g., Lo-Loestrin® Fe). Comparisons of COCs
containing 50 and 30upg of EE on blood coagulation, fibrinolysis and platelets
confirmed the oestrogen dose-dependent effect (Meade et al., 1977). Enhanced
platelet activity, increased levels of factors Il, VI, VIII, IX and X, fibrinogen and soluble
fibrin and decreased levels of antithrombin (AT) and vessel wall fibrinolytic activator
were observed with both preparations, but they were less pronounced with 30ug
COC preparations (Figure 0.2) (Bonnar, 1987; Meade et al.,, 1977; Stadel, 1981;
Wessler et al., 1976).

The progestin compound found in oral contraceptives also changed over time with
several pharmacomodulations aiming at providing different oestrogenic,
androgenic, glucocorticoid or mineralocorticoid profiles (Wiegratz et al., 2006).
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Indeed, endogenous progesterone, synthesized in the ovarian corpus luteum,
possesses antiestrogenic, antiandrogenic and anti-mineralocorticoid activities. Thus,
synthetic progestogens, i.e., progestins, used for contraception also mimicked some
of these properties (Blanco-Molina et al., 2012).
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Figure 0.1 | The History of COC and the related risk of VTE.
Discovery of oestrogen and progestin compound (in orange) - marketing authorization for COCs (in
red) - authorities’ statement (in blue) - assay development (in green).
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Figure 0.2 | Coagulation, fibrinolytic and anticoagulant systems.

The green rectangle refers to the coagulation system, the blue rectangle refers to the fibrinolytic
system and the red rectangle refers to the anticoagulant system. Tissue factor (TF) plays an
important role in the initiation of the coagulation process. Combined with activated factor VII (FVIIa),
the complex activates factor IX (FIX) and factor X (FX). Subsequently, activated FIX (FIXa) and FX
(FXa) form two complexes with activated FVIII(FVIIIa) and activated FV(FVa) respectively, leading
to the conversion of prothrombin into thrombin. Once formed, thrombin cleaves fibrinogen to form
the fibrin clot which is then degraded by the fibrinolytic system whose main effector is plasmin. This
releases fibrin degradation products and D-Dimers. Thrombin also activates the protein C system to
down regulate its own production. Indeed, once activated by thrombin, protein C forms a complex
with protein S to inactivate FVa and FVIIIa, the two main cofactors of the intrinsic (FIXa-FVIIIa) and
the prothrombinase (FXa-FVa) complexes. The generation of thrombin is also regulated by other
protease inhibitors like antithrombin (AT) and tissue factor pathway inhibitor (TFPI). Inherited and
acquired thrombophilia can disrupt the coagulation, the fibrinolytic or the anticoagulant system
leading to an increased risk of venous thromboembolism. Coagulation factors impacted by inherited
thrombophilia are marked with the symbol * and those impacted by the intake of COC are marked
with the symbol &,

Overall, these compounds are characterized by a 4-ring steroid skeleton and are
classified based on their structure (Table 0.1). The first progestins, synthesized in
1951, were norethynodrel and norethisterone acetate (also known as norethindrone
acetate). They are characterized by a 19-nortestosterone structure and are regarded
as estranes (carbon-18). Shortly afterwards, in 1959, 17-hydroxyprogesterone
derivatives categorized as pregnanes (carbon-21) were also synthesized. These
included chlormadinone acetate and cyproterone acetate. In 1966, other 19-
nortestosterone derivatives were discovered with norgestrel and levonorgestrel but
differed from norethynodrel and norethisterone acetate as they possess a 17-carbon
structure. They are better known as gonanes. During the 1980s, three new
progestins, derived from levonorgestrel, were developed that are desogestrel,
gestodene and norgestimate. Drospirenone, dienogest and nomegestrol acetate are,
for their part, considered to be the new progestin



Table 0.1 | Progestins - Discovery, chemical structure, androgenic activity, associated oestrogen compound in COC and classification under

generation.
Associated
. Short Discovery . Androgenic oestrogen Classification under
Progestins Chemical structure .. . .
name date activity compound in  generation
coc
Norethisterone E _
NETA 1951 strane (18-carbon structure) +
acetate
Norethynodrel / 1957 + EE 2 50pg 1t generation COC
Lynestrenol / 1961 +
Levonorgestrel LNG 1966 ++
EE 20 g/ 2nd generation COC
30 g
Norgestrel / 1966 Gonane (17-carbon structure) +
Desogestrel DSG 1981 +
rd i
Gestodene GSD 1986 + EE 20ug/ 3" generation COC
30 g
Norgestimate NGM 1986 +




Table 0.1 | (continued) Progestins - Discovery, chemical structure, androgenic activity, associated oestrogen compound in COC and classification

under generation.

, Associated
Discovery Anti- oestrogen Classification under
Progestins Short name Chemical structure androgenic .
date activit compound generation
/ in coc
i Pregnane (21-carbon structure
Chlormadinone CMA 1959 g ( ) o EE 30ug
acetate
Cyproterone
CPA 1961 ++ EE 35ug
acetate
Drospirenone DRSP 1976 Spironolactone derivative + EE 20ug/
30
He Unclassified/other
EE 30pg
Dienogest DNG 1978 Gonane (17-carbon structure) +
E2V 1-3mg
Norpregnane (20-carbon
structure)
Nomegestrol NOMAC 1975 N Micronized
acetate E21.5mg
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They were designed to bind more specifically to the progesterone receptors and to
a lesser extent to the other steroid receptors to reduce undesirable effects.
Regarding their structure, dienogest is a gonane derivative, nomegestrol acetate is a
norpregnane (carbon-20) derivative and drospirenone is unique in its category and
derives from spironolactone (Table 0.1)(Kuhl, 2005; Lawrie et al., 2011; Regidor,
2018; Sitruk-Ware, 2006, 2008).

Combined oral contraceptives were usually classified into three generations, related
to their arrival on the market. First generation contained high doses of EE (50ug or
more) associated with norethynodrel and with norethisterone acetate. They are no
longer used in COC preparations. Second and third generations contain a lower dose
of EE (20 or 30pg). The associated progestin is levonorgestrel in 2" generation COCs
and desogestrel, gestodene or norgestimate in 3™ generation COCs. Actually, this
nomenclature was introduced by the pharmaceutical companies with the aim of
boosting sales since the idea of a “new” generation suggests improvements and
better efficacy and/or safety profile, the two latter being not supported by
epidemiological data (Creinin et al., 2020). This misleading classification led to
inconsistencies like norgestimate-contained COC, categorized as a 3" generation,
which is in fact a prodrug of levonorgestrel and its 3-oxime metabolite, renamed
norelgestromin by the pharmaceutical company (Kuhnz et al., 1994). Although it is
tempting to turn then to a chemical classification, this is not the Holy Grail since
among compounds with nearly similar chemical structure, e.g. levonorgestrel and
gestodene, the pharmacodynamic action when binding to the different steroid
receptors may differ (Kuhl, 2011). Therefore, a pharmacodynamic classification
should be preferred considering the activities of the progestin when associated with
an oestrogen, the potency of the latter being a determinant of the total estrogenicity
of the association.

1980 - THIRD GENERATION AND NEW ORAL CONTRACEPTIVES CONTROVERSY

Going back into the 80s, the main reason that led to the development of new
progestins was related to the side effects induced by the combination of EE with
levonorgestrel or norethisterone acetate, such as acne, hirsutism and weight gain
(LeBlanc et al., 1999). The decreased androgenic activity of desogestrel, gestodene
and norgestimate has certainly enabled to reduce these adverse effects. However,
an increased risk of VTE was observed compared to levonorgestrel as reported by 4
independent epidemiological studies in 1995-1996 (Bloemenkamp et al., 1995; Jick
et al., 1995; Spitzer et al., 1996; World Health Organization Collaborative Study of
Cardiovascular Disease and Steroid Hormone Contraception, 1995). Although these
results have been debated due to the possible impact of confounding factors and
bias, such as healthy user bias, introduction bias, duration of oral contraceptive use,
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COC switching, prescribing bias, diagnosis suspicion and referral bias or the source
of funding, the increased risk with these progestins has been subsequently
confirmed by other investigations (de Bastos et al., 2014; Farmer et al., 1997,
Heinemann, 1999; Lewis et al., 1996; Spitzer, 1999; Suissa et al., 1997). As earlier
studies suggested that the increased risk of VTE associated with COCs was only
oestrogen dose-dependent, the most plausible explanations at that time were these
biases. Nevertheless, the meta-analysis of Kemmeren et al. published in 2001,
revealed that even after stratifying for various factors like first-time users; age (i.e.
younger and older than 25 years); duration of use (i.e. less or more than 1 year);
confirmation status of VTE cases and source of funding (i.e. industry or non-industry-
sponsored study); the risk remained more elevated with the so-called 3™ generation
COCs compared to the 2" generation COCs (Kemmeren et al., 2001).

This phenomenon was also observed with COCs containing EE associated with
drospirenone and cyproterone acetate. Unlike levonorgestrel, desogestrel,
gestodene and norgestimate, the latter two progestins are completely devoid of any
androgenic or glucocorticoid effects (Sitruk-Ware, 2005). Cyproterone acetate
possesses even the highest antiandrogenic activity which makes this molecule the
ideal candidate to treat severe acne and hirsutism in women (Kuhl, 2011).
Drospirenone, on the other hand, differs from the other progestins by its chemical
structure derived from spironolactone conferring an antimineralocorticoid activity.
This allows the offset of the fluid retention induced by oestrogens and prevent
weight gain during COC therapy (Foidart, 2005). The development of these two
progestins with antiandrogenic and antimineralocorticoid properties provided us
with compounds closer to progesterone permitting the reduction of the above-
mentioned adverse effects but on the flip side of the coin, they clearly led to an
increased risk of VTE when associated with EE (Rosendaal et al., 2003; van Vliet et
al., 2004).

As evidence demonstrated that COCs with the same oestrogen dose but different
progestins were associated with differential VTE risk, it was suggested that the
progestin compound might play a role in thrombosis development. However, as
progestin only contraceptives do not interfere with coagulation protein synthesis,
the difference in VTE risk specific to each COC could only be attributed to a distinctive
modulation of the procoagulant effect of EE, exerted by the progestins (Fruzzetti et
al., 2018; Tepper et al., 2016). This modulation is actually related to the activity of
the progestin compound on hormonal receptors and especially on androgen
receptors (Kuhl, 1996). Levonorgestrel, characterized by a strong androgenic activity,
balances out to a certain degree the oestrogen-dependent alteration in haemostasis
and hepatic protein synthesis. Consequently, levonorgestrel further offsets the
procoagulant effect induced by EE compared to desogestrel, gestodene,
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norgestimate, drospirenone and cyproterone acetate, which have a weaker
androgenic or even an antiandrogenic activity (Kuhl, 2011; Lawrie et al., 2011,
Regidor, 2018). An interaction between androgen receptors and oestrogens
responsive elements could be a hypothesis to explain this phenomenon (Peters et
al., 2009). It could prevent the activation of target genes coding for hepatic proteins
such as coagulation factors, thus modulating the effect of EE (Peters et al., 2009).
Ultimately, the estrogenicity of a COC is the sum of both the oestrogen and the
progestin contribution and excessive estrogenicity was reported to increase the risk
of VTE (Figure 0.3) (Odlind et al., 2002).

NETA CPA
Norethynodrel CMA
DSG DRSP
LNG GSD DNG
Norgestrel  NGM NOMAC E2
E4 E2V EE<50pg  EE=250pg
TOTAL ESTROGENICITY
E4 +DRSP EE <50 pg + LNG EE <50 pg + EE 250 pg +
E2V + DNG DSG/GSD/NGM/  NETA/norethynodrel
E2 + NOMAC CPA/CMA/DRSP/

DNG

Figure 0.3 | Concept of estrogenicity with COCs.

The biomarker that best reflects the estrogenicity is the sex hormone-binding
globulin (SHBG), a carrier protein for oestrogen and testosterone, produced by the
liver, and whose synthesis is highly oestrogen sensitive (Odlind et al., 2002). The oral
intake of EE alone leads to a significant dose-dependent increase in SHBG whereas
progestins induce a decrease of SHBG, the extent being dependent of its androgenic
activity (Odlind et al., 2002). Thus, progestins with a potent androgenic activity cause
a more pronounced reduction in SHBG levels than less androgenic or antiandrogenic
ones. Consequently, the so-called 3™ generation COCs and those containing EE
combined with drospirenone or cyproterone acetate induce a drastic increase in
SHBG levels compared to the so-called 2" generation COCs (Odlind et al., 2002; Van
Rooijen et al., 2004; van Vliet et al., 2005).

As a relationship has been observed between SHBG levels and the increased risk of
VTE associated with COC use, the assessment of this liver protein represents an
important biomarker to consider during the development of steroid contraceptives
(European Medicines Agency, 2005; Raps et al., 2012). However, SHBG is not a
coagulation protein and other biological variables better reflecting the impact of
COCs on haemostasis would seem more appropriate to reflect the potential induced
prothrombotic switch (Stegeman et al., 2012).

11



Introduction

1990 - ACQUIRED ACTIVATED PROTEIN C RESISTANCE WITH ORAL
CONTRACEPTIVES: A KEY FACTOR IN VENOUS THROMBOEMBOLISM RISK

In the 1990s, it was estimated that VTE affected 1 per 1,000 people annually, and
that family history of thrombosis was often found in these patients (Dahlback, 1994).
However, the main inherited thrombophilia investigated at that time such as
deficiency of antithrombin, protein C and protein S accounted for only 5- to 10% of
the cases (Dahlbéack, 1994). This suggested that other genetic defects predisposed to
the development of VTE and had yet to be identified. In 1993, Dahlbdck et al. started
to investigate the protein C - protein S anticoagulant pathway (Dahlback et al., 1993).
They developed an activated partial thromboplastin time (aPTT)-based method to
determine the sensitivity of a patient’s plasma towards exogenous activated protein
C (APC). The aPTT assay is based on the principle that in citrated plasma, the addition
of phospholipids (PLs), activator of factor XlI (e.g., silica) and calcium chloride allow
for the formation of a stable clot. The time from activation to formation of a stable
clot is recorded in seconds, and represents the aPTT (Roshal et al., 2019). After the
addition of APC, they noted that plasma from patients with thrombosis and family
history of thrombosis had a shorter prolongation of the aPTT clotting time compared
with plasma from healthy individuals (Dahlback et al., 1993). Therefore, as APC is
expected to delay the aPTT in normal plasma, due to its ability to inactivate factor
Va and factor Vllla, the observed phenomenon was defined as APC resistance
(APCR). To ease the expression of results, an APC sensitivity ratio, defined as the
aPTT(+APC) divided by the aPTT(-APC), was calculated and is depicted in Equation 1:

Equation 1:

sample aPTT (+APC)

APCsr (aP'I'I') - sample aPTT (—APC)

The more resistant a sample is to APC, the lower the numerator (+APC condition)
compared to the denominator (-APC condition) and therefore the closer the ratio is
to zero (Griffin et al., 1993). These findings were confirmed by others (Koster et al.,
1993; Svensson et al., 1994) and the phenotype of APCR was later associated with a
mutation in the coding region of factor V, better known as Factor V Leiden (FVL)
mutation (Bertina et al., 1994). This mutation abolishes one of the APC-cleavage sites
on FVa which leads to a slowdown inactivation of FVa. This further prevents FVa from
being converted into a functional APC cofactor needed for FVIlla inactivation and, as
a consequence, the inactivation of both FVa and FVllla are delayed (Segers et al.,
2009). The discovery of this genetic mutation indirectly permitted to better
understand the aetiology of COC-induced VTE events. Indeed, many patients were
found to have some resistance to APC without carrying a FVL mutation, suggesting
either the existence of other genetic mutations or the existence of acquired factors
capable of interfering with the inhibitory activity of APC (Bertina et al., 1994). In the
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study of Koster et al., healthy men had a more pronounced anticoagulant response
to APC than women, suggesting a possible influence of female sexual hormones
(Koster et al., 1993). It was then assumed that a poor response to APC could explain,
at least in part, the procoagulant state observed in users of oral contraceptives. This
was confirmed in 1995 by Henkens et al. and Olivieri et al. who demonstrated that
COC therapy could induce acquired APCR independently from genetic mutation of
the FVL (Henkens et al., 1995; Olivieri et al., 1995). Although these results were
tremendous and important to support the observed increased risk of VTE with COCs
and conditions leading to APCR, other tests which account for the entire coagulation
process were developed.

In 1997, Nicolaes et al. reported on a new method based on the continuous
measurement of thrombin generation over time, in the presence and absence of
exogenous APC (Nicolaes et al., 1997). Thrombin generation assay (TGA) is based on
the potential of plasma to generate thrombin over time, after activation of
coagulation by addition of PLs, tissue factor (TF) and calcium. The resulting thrombin
generation curve reflects all the pro- and anticoagulant reactions that regulate both
thrombin formation and inhibition. In contrast to the aPTT assay, which only assesses
the initiation phase of the coagulation, TGA is a global assay investigating the
initiation, the propagation, and the termination phase of the coagulation. The
addition of APC induces a lowering of thrombin generation which is quantitated by
the endogenous thrombin potential (ETP), corresponding to the area under the
thrombin generation curve (Figure 0.4). This test was therefore referred to as the
ETP-based APCR assay and results were expressed as normalized APC sensitivity ratio
(nAPCsr). This unit corresponds to the ratio of the ETP measured in presence and
absence of APC divided by the same ratio determined in a reference plasma
(Equation 2).

Equation 2 :

Sample plasma ETP (+APC)/
Sample plasma ETP (—APC)

Reference plasma ETP (+APC)/
Reference plasma ETP (—APC)

The obtained ratio stands between 0 and 10 and conversely to the aPTT-based assay,

nAPCsr =

the higher the nAPCsr, the more resistant the patient is to APC. A comparison
between both tests is shown in Table 0.2.
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300

— HPP-APC

[Thrombin] nM

Time (min)

Figure 0.4 | Thrombin generation curves in absence (continuous line) and in presence of
APC (dotted lines) of a healthy pooled plasma (blue) and women using COC containing
either EE with drospirenone (green), EE with desogestrel (yellow), EE with

levonorgestrel (red), or E4 with drospirenone (pink).

The area under the curve represents the ETP- parameter. In presence of APC, the ETP is higher with
the use of COCs (e.g., drospirenone or desogestrel) compared to the healthy pooled plasma
(composed of men and women not using hormonal contraception), leading to some resistance
towards the APC.

Depending on the test used, i.e., aPTT-based or ETP-based APCR assay, the
differences observed between nonusers and COC users were not the same. The ETP-
based APCR assay revealed to be more sensitive to the COC impact on haemostasis
and significant differences were observed between COC preparations (e.g.,
levonorgestrel-containing products versus desogestrel- or gestodene-containing
products) (Figure 0.4) (Curvers et al., 1999; Kuhl et al., 1982). Indeed, these two
assays are not sensitive to the same factors: the aPTT-based assay is more sensitive
towards levels of prothrombin and FVIII while the ETP-based assay is most influenced
by free TFPI and free PS levels (de Visser et al., 2005). As these latter factors are much
more impacted by COCs than the two formers, it may in part explain the inconsistent
results between these two functional APCR assays (Castoldi et al., 2010; Tchaikovski
et al., 2006).
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Table 0.2 | Assessment of acquired APCR.

Assay aPTT-based APCR assay ETP-based APCR assay
Development 1993 1997
year
Relies on the ability of APC to Relies on the ability of APC to
Principle prolong the aPTT, via its reduce thrombin generation, via
anticoagulant properties its anticoagulant properties.
Trigger Via intrinsic pathway Via extrinsic pathway
Endogenous thrombin potential
Endpoint Clotting time (initiation phase) (initiation, propagation, and
termination phase)
Results APCsr (Equation 1) nAPCsr (Equation 2)

High nAPCsr indicates impaired
down regulation of thrombin
generation by APC, defined as

Low APCsr indicates failure of
Interpretation APC to prolong the clotting time
of plasma, defined as APCR

APCR
FV Leiden FV Leiden
Main FV levels FV levels
determinants FVIII levels TFPI levels
Prothrombin levels PS levels

Following the widespread use of this biomarker to evaluate the increased risk of VTE
associated with COCs in the early 2000s, the Committee for Medicinal Products for
Human Use (CHMP) of the European Medicines Agency (EMA) stated, in 2005, that
APCR should be investigated during the development of new steroid contraceptives
(European Medicines Agency, 2005). Nevertheless, the lack of standardization of this
method has remained a problem for many years, and this has been reflected in highly
variable results from one study to another, as depicted in Figure 0.5.

To overcome this issue, we recently developed and validated a new ETP-based APCR
method aiming to provide a harmonized scale of nAPCsr. The analytical
performances of this test are discussed in Part | with the validation of the
methodology (Part I.1), the inter-laboratory variability (Part 1.2), its implementation
on a routine clinical equipment (Part 1.3) and a comparison with the other APCR
assays (Part 1.4).

In addition, the typical information obtained by thrombin generation investigation is
available, providing much more information than the APCR itself. As it enables the
assessment of the global coagulation process, this assay is also sensitive towards
other factors of thrombogenicity like the prothrombin (PT) G20210A mutation,
antithrombin and protein S deficiencies or FVIII levels (Duchemin et al., 2008;
Lavigne-Lissalde et al., 2010; Marco et al., 2012; Szlam et al., 2011). The ETP-based
APCR assay may thus provide information on haemostatic functions which are linked
to an increased risk of thrombosis to help the prescriber in clinical decision-making.
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Figure 0.5 | Synthesis of studies from 1997 to 2020 investigating the impact of COCs on
the APCR when expressed as nAPCsr.
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2009 - TOWARDS A SAFER ALTERNATIVE WITH OESTRADIOL-BASED COC

The oestrogen component remained unchanged for a long time, with the majority of
COCs containing EE. Nevertheless, to further improve the tolerability of COCs and to
broaden the choice for COC users, attempts have been made to replace EE with
natural oestradiol (E2) (Ahrendt et al., 2009; Zeun et al., 2009).

The contraceptive efficacy of COCs is primarily derived from the action of the
progestin compound but the oestrogenic moiety is also an important contributor to
the efficacy of COCs. Indeed, oestrogens are partly responsible for suppressing the
follicle-stimulating hormone, they potentiate the activity of the progestin
component, by increasing progestin receptor concentration and they stabilize the
endometrium so that irregular and unwanted bleeding can be minimized (Fruzzetti
et al., 2010; Lobo et al., 1994). Although these desired effects on the reproductive
organs, the occurrence of thrombotic events for which oestrogen was held
responsible, led to a drastic reduction in EE dosage, as stated above.

However, reducing the amount of oestrogen, below 10ug of EE, with the aim to
improve safety resulted in unacceptable changes in bleeding patterns compared to
higher doses (Fruzzetti et al., 2010). Therefore, the development of COCs containing
natural oestrogen, i.e., E2 was then suggested as an alternative of EE (Fruzzetti et al.,
2010). The interest of using E2, as the oestrogen component in COCs was raised in
the 1970s with the aim of improving the tolerability. Moreover, several studies
showed that E2 impacted to a lesser extent the synthesis of hepatic protein
compared to EE (Lindberg et al., 1989; Mashchak et al., 1982; Wiegratz et al., 2004).
Because of its low oral bioavailability, E2 is either in a micronized form or esterified.
Oestradiol valerate (E2V) presents similar pharmacokinetic and pharmacodynamic
characteristics to that of E2 as it is rapidly converted to E2 in the intestines and the
liver (1mg of E2V yields 0.75mg E2) (Medicines.org.uk, 2018). Indeed, the cleavage
of E2V to E2 and the valeric acid occurs during absorption by the intestinal mucosa
and in the course of the first pass effect. This gives rise to E2 and its metabolites
oestrone (E1) and oestriol (E3) (Fruzzetti et al., 2010).

First E2-containing COCs, introduced in the 1980s, were monophasic preparations
containing between 1 and 3mg of micronized E2. Although these preparations
demonstrated effective ovulation inhibition and provided excellent contraceptive
efficacy, these benefits were outweighed by unacceptable bleeding irregularities
(Fruzzetti et al., 2010). An inappropriate oestrogen-progestin ratio or a suboptimal
E2 dosage was pointed out as the plausible explanation for this failure in cycle
control (Ahrendt et al., 2009; Fruzzetti et al., 2012). To address this issue, a
preparation was developed in which E2V was combined with dienogest, in a four-
phasic dosing regimen incorporating an oestrogen step-down and a progestin step-
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up over 26 days (Klipping et al., 2011; Zeun et al., 2009). The treatment consists of
the administration of E2V 3mg for 2 days — E2V 2mg/dienogest 2mg for 5 days — E2V
2mg/dienogest 3mg for 17 days — E2V 1mg for 2 days — and placebo for 2 days (Zeun
et al., 2009). This dynamic dosing regimen was designed to ensure oestrogen
dominance in the first part of the cycle and progestin dominance in the mid to late
part of the cycle, thereby optimizing the control of bleeding (Borgelt et al., 2012).
Ahrendt et al. demonstrated that this regimen certainly improved the cycle control
and appeared to be associated with shorter and lighter bleeding compared with
EE/levonorgestrel (Ahrendt et al., 2009). Furthermore, unlike other progestins,
dienogest is a 19-nortestosterone derivative, with a 17-cyanomethyl instead of an
ethinyl group at the C-17 position (Ruan et al., 2012) and possesses therefore a
strong affinity for progesterone receptors, displays an antiandrogenic activity and
lacks oestrogenic, glucocorticoid and androgenic properties. This suggested that this
progestin would exert only minor metabolic effects (Junge et al., 2011). Studies of
Junge et al. and Klipping et al. confirmed the minimal impact of this preparation on
lipid, haemostasis, and carbohydrate metabolism (Junge et al., 2011; Klipping et al.,
2011). This E2-containing COC became globally available in 2009 under the trade
name Qlaira®. A few years later, in 2011, a new monophasic pill containing 1.5mg of
micronized 173-E2 and 2.5mg nomegestrol acetate was introduced in the European
market, under the trade name Zoely®, and consisted of a 24-day regimen followed
by 4 days of placebo (Christin-Maitre et al., 2013). Nomegestrol acetate is a
progesterone derivative, and more specifically, a 19-norpregnane, possessing an
antiestrogenic activity on the endometrium and a moderate antiandrogenic activity.
Through this enhanced selectivity profile, this preparation was expected to provide
acceptable cycle control and limit cardiovascular and metabolic side effects. This was
confirmed by Agren et al. and Gaussem et al. who revealed that E2/nomegestrol
acetate had a similar safety and tolerability profile to EE/levonorgestrel (Agren et al.,
2011; Gaussem et al., 2011). As these studies were based on biological and
pharmacological data with no attempts to correlate haemostatic changes with VTE
risk, epidemiological data on the risk of VTE associated with these E2-containing
COCs were requested by the regulatory agencies. Two large international active
surveillance studies, the INAS-SCORE (NCT01009684) and the PRO-E2
(NCT01650168) were initiated to assess the risk of short- and long-term use of
E2V/dienogest and E2/nomegestrol acetate respectively (Jensen et al., 2013; Reed
etal., 2021). In comparison with COC-levonorgestrel users, the incidence of VTE was
slightly lower in users of E2V/dienogest and E2/nomegestrol acetate (Table 0.3). This
suggests that EE/levonorgestrel is not the only option for minimizing the risk of VTE
associated with COC use, but E2-containing products are equally safe (Dinger et al.,
2016). This also reflects that those biological investigations may, at least in part,
correlate with epidemiological data. This also permits to put the pharmacodynamics
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data requested by the EMA during the development of steroid contraceptives into a
more clinical context.

Table 0.3 | Estimated risk of VTE with COCs

Risk group Estimated risk of VTE Reference
EMA/739865/2013
Non-pregnant nonuser 2/10 000 WY (European Medicines

Agency, 2014)
30-year population-based

Pregnant and postpartum

women 20/10 000 WY study (Heit et al., 2005)
U:EETENC: C containing EMA/739865/2013
5-7/10 000 WY (European Medicines
-EE+NETA Agency, 2014)
- EE + NGM gency,
User of COC containing
-EE+ GSD EMA/739865/2013(European
- EE+ DSG 9-12/10000 WY Medicines Agency, 2014)
- EE+ DRSP
User of COC containing
- EE + CMA Unknown N/A
User of COC containing DHPC Louise (CeresPharma,
-EE + DNG 8-11/10 000 WY 2021)

User of COC containing ;'gﬁiong?]%;l::s\;enr;l;sg INAS-SCORE study (Jensen et

- E2V + DNG in LNG/EE users al., 2013)

2.0/10 000 WY versus
1.8 in nonusers and 3.0 PRO-E2 (Reed et al., 2021)
in LNG/EE users

User of COC containing
- E2/NOMAC

User of COC containing
- E4/DRSP

PASS required by the EMA
and FDA

Pending

2013 - THE EUROPEAN MEDICINES AGENCY REFERRAL: WHAT NEEDS TO BE
DONE?

In 2013, France informed the EMA, pursuant to Article 31 of Directive 2001/83/EC,
of their consideration that the benefit-risk balance of CHCs had become
unfavourable in the currently authorized indication due to the increased risk of VTE.
The Pharmacovigilance Risk Assessment Committee (PRAC) was then requested to
make a recommendation on whether the indication of medicinal products containing
chlormadinone acetate, desogestrel, dienogest, drospirenone, etonogestrel,
gestodene, norelgestromin, norgestimate, and nomegestrol acetate should be
restricted and/or any other regulatory measures taken. In the context of this referral,
all pharmacoepidemiology studies on CHCs were reviewed to assess the estimated
risk of VTE associated with each CHC preparation (Table 0.3). Oral contraceptives
considered as the safest in terms of VTE risk were preparations containing EE
associated with either levonorgestrel, norethisterone acetate or norgestimate. The
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highest estimated incidence of VTE was observed with COCs containing EE associated
with gestodene, desogestrel or drospirenone (i.e., 9-12 VTE/10,000 women a year)
but compared with pregnancy and postpartum period (i.e., 20 VTE/10,000 women a
year), it remained lower (European Medicines Agency, 2014; Heit et al., 2005). It was
also highlighted that the risk of VTE was higher during the first year of use or
following a restart after a one-month period without treatment (European
Medicines Agency, 2014).

As a risk minimization strategy, the PRAC considered that modifications in the
summary of product characteristics (SmPC) were required to strengthen information
relative to the associated risk of VTE. In addition, they recommended the
implementation of educational measures to increase healthcare professionals and
women awareness regarding the contraindications and the risk factor of VTE and
they mentioned that the individual’s risk should be re-evaluated periodically as a risk
factor for VTE can change over the course of a lifetime (European Medicines Agency,
2014). On this basis, several guidelines offer support in tailoring contraceptive
therapies, according to the patient’s profile. There are the US Medical Eligibility
Criteria for contraceptive use (CDC, 2016), the World Health Organization Medical
Eligibility Criteria for contraceptive use (Fifth Edition, 2015) (World Health
Organization, 2015) and the UK Medical Eligibility Criteria for contraceptive use
(UKMEC 2016) (FSRH, 2016).

2020 - THE CHALLENGE OF IDENTIFYING WOMEN AT HIGHER RISK OF VTE,
DEPENDING ON THEIR HORMONAL STATUS

Many factors must be considered and discussed with the women when choosing a
contraceptive method. In addition to the efficacy, the tolerability and the additional
health benefit, the risk of VTE is an important element that must be evaluated. At
the present time, this risk is only assessed based on clinical characteristics and does
not rely on formal algorithms including phenotypic coagulation screening with
laboratory tests. The standard of care, when starting contraception, consists of
identifying the presence of hereditary thrombophilia solely on the basis of familial
history of VTE; a strategy which has been reported to be of low sensitivity and
predictive value (Cosmi et al., 2003; Suchon et al.,, 2016). Indeed, identifying a
thrombosis within the family does not necessarily mean that there is an underlying
thrombophilia. Genetic risk factors alone contribute to only 30% of the family history
of VTE (Hannaford, 2011). Moreover, the exclusion of the main hereditary
thrombophilia does not mean that a woman will not suffer from a thrombotic event
under COC use (Hannaford, 2011). Venous thromboembolism is a multifactorial
disease whose occurrence depends on the interaction between gene defects and
environmental factors (Figure 0.2) (Cosmi et al., 2003). As a result, exposure of high-
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risk situations such as surgery, trauma, immobilization (e.g., casts, long-range
travel/flights), pregnancy or hormonal therapy may trigger a thrombotic event in
individuals either in absence or presence of genetic mutations, suggesting that the
evaluation should be on the phenotypic rather than the genotypic thrombophilia
expression.

There are five well-known genetic thrombophilia that can be divided in two main
categories: gain of function mutations and loss of function mutations. Mutations
conferring a gain of function include FVL and PT G20210A mutations, which are the
more frequent genetic risk factors observed in the Caucasian population. The
prevalence reaches 5% for FVL mutation and 2% for PT G20210A mutation. In
contrast, they are much rarer in African and Asian populations (Hotoleanu, 2017).
The risk of first VTE event is 3- to 7-fold higher in heterozygous carriers while it may
reach a relative risk of 30 to 80 in homozygous carriers (Mannucci et al., 2015).
Mutations that confer a loss of function, concern deficiencies of protein C, protein S
and antithrombin. These mutations are less frequent with prevalence below 1% but
they are associated with a 10- to 50-fold risk of first VTE (Mannucci et al., 2015). The
presence of one of the above mutations with COCs leads to a synergistic and
amplificative (rather than an additive) prothrombotic effect. Hugon-Rodin et al. and
Khialani et al. investigated the joint effect of COCs and genetic mutation, e.g., FVL or
PT G20210A mutations. Both research groups have calculated a synergy index (SI),
reflecting the amplificative effect of the combination of a genetic mutation with
COCs above the simple addition of the independent risk alone (Hugon-Rodin et al.,
2018; Khialani et al., 2020). Based on this, Khialani and co-workers estimated the
odds ratios at 19.3 and 24.0 in carriers of FVL mutation and PT G20210A mutation
when using the pill, respectively (Khialani et al., 2020).

Consequently, there is a need of being able to identify the baseline risk of VTE in
women before introducing hormonal contraceptives (Morimont, Dogné, et al.,
2020). In 2015, Gene Predictis® launched the Pill Protect® on the Swiss market
(Michaud et al., 2016). This diagnostic device is based on an algorithm which
considers nine polymorphisms and four clinical risk factors associated with VTE
development as well as the potential COC that could be prescribed (Table 0.4).

To assess the performance of this test, a comparison was performed to the “current”
practice, which was based on oral anamnesis of the patient, and to the genotyping
for FVL and PT G20210A mutations.! Result of the ROC curve analyses, reflected by
the area under the curve, was higher (i.e., 0.71) with the Pill Protect® compared to

11t has to be noted that the genotyping of FVL and PT G20210A mutations is not part of the current
practice.
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the oral anamnesis of the patient (i.e., 0.61) or the simple genotyping of FVL and PT
G20210A mutations (i.e., 0.67).

Table 0.4 | Clinical and genetic parameters assessed with the screening test Pill Protect®

Age
Clinical BMI
variables Smoking habits
Family history
of VTE
Gene: F5 Gene encoding for coagulation factor V.
SNP: rs6025 The resulting re6025(A) allele is known as Factor V Leiden
Allele: A mutation which leads to some resistance to the APC and an
increased risk of thrombosis (McDaid et al., 2017).
Gene: F2 Gene encoding for prothrombin.
SNP: rs1799963 The resulting rs199963(A) allele is known as G20210A
Allele: A mutation which leads to increased plasma prothrombin
levels and an increased risk of thrombosis (McDaid et al.,
2017).
Gene: ABO Gene encoding for ABO subtypes.
SNP:rs8176719 Thers8176719(G) and rs8176750(C) alleles encode for non-
Allele: G O blood groups and are associated with an increased risk of
SNP: rs8176750 VTE through modifications of von Willebrand Factor (VWF)
Allele: C and factor VIII (FVIII) plasma levels (Morange et al., 2013).
Gene: F11 Gene encoding for coagulation factor XI.
SNP:rs2289252 The rs2289252(T) allele is associated with increased FXI
Allele: T activity leading to a procoagulable state (Morange et al.,
2013).
Genetic Gene: CYP2C9 Gene encoding for cytochrome CYP2C9 involved in the
variables SNP: rs1799853 metabolism of EE.
Allele: T The rs1799853(T) allele could induce a decrease in the
metabolism of EE, thus increasing its plasma levels and
therefore the global estrogenicity (McDaid et al., 2017).
Gene: PROCR Gene encoding for APC receptors involved in the activation
SNP: rs9574 of the anticoagulant pathway. The rs9574(G) allele has
Allele: G been reported to be at increased risk of VTE compared to
the C allele (Morange et al., 2013).
Gene: SUGCT Gene encoding for the succinate-hydroxymethylglutarate
SNP: rs4379368 CoA-transferase.
Allele: T The rs4379368(T) allele has been associated with migraine
susceptibility.
The combination of both migraine and COC could further
increase the risk of cardiovascular diseases (Kaur et al.,
2019).
Gene: KNG1 Gene encoding for kininogen-1. This protein plays an
SNP: rs710446 important role in the coagulation process by assembling the
Allele: C kallikrein-kinin system. The rs710446(C) allele has been

associated with shortened aPTT levels and an increased risk
of VTE (Morange et al., 2011).
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These data revealed the usefulness of this prognostic device and reopened the
reflection of performing biological investigations before the introduction of a
contraceptive method (McDaid et al., 2017). Although this method is promising, the
algorithm does not take into account a deficiency of protein S, protein C or
antithrombin and in addition, many users of COCs developing VTE do not have a
recognized hereditary coagulation problem but show instead a high responsiveness
to oestrogenic compounds (Douxfils, Morimont, & Bouvy, 2020). An interesting
approach would be to have one or several biomarkers to establish the “coagulability
status” of the patient, revealing phenotypic rather than just genotypic particularities.

Global sensitive assay like the ETP-based APCR assay could be potential candidates.
One rationale and affordable perspective could be the screening of the coagulability
state to provide objective data for the gynaecologist to support the prescription of
the most appropriate contraceptive method. In case of an abnormal result, which
suspects the presence of an underlying pathology, the women can be referred to a
haematologist for further investigations. This is of particular importance since the
identification of coagulopathies may drive the behaviour of both the patient and the
healthcare professional for the entire lifetime of the woman. Subsequently, a second
testing after a sequence of at least one cycle of hormonal treatment would allow
identifying women with an abnormal rise of the nAPCsr which may reveal an
oversensitivity to the oestrogenic effect of COC or particularities in the metabolism
of the concerned COC.

A global screening test would represent a more appropriate and cheaper alternative
than a full thrombophilia test panel for assessing the risk since, this test does not
only focus on the inherited coagulopathies but also assesses the individual sensitivity
towards COCs. We believe the ETP-based APCR could be a solution and this
hypothesis is addresses in Part Il.

Furthermore, information on the coagulability status could not only reduce the risk
of COC-induced thrombosis but also the incidence of thrombotic events in situations
associated with elevated thrombotic risk. It has to be reminded that VTE and
pulmonary embolisms are associated with a significant mortality but also with a high
morbidity rate leading to expense costs for the diagnosis, the treatment, and the
management of any thrombotic related disability such as recurrent VTE, post-
thrombotic syndrome or chronic pulmonary hypertension. All of these lead to severe
impairment of the affected women, an important financial burden within personal
expenses, healthcare resources and societal costs (Morimont, Dogné, et al., 2020).
Obviously, such strategies need to be evaluated by proper epidemiological and cost-
effectiveness studies but with the advent of new technologies permitting the global
assessment of the coagulation process, there is a new era for management of
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women willing to get the most appropriate and safe contraceptive method based on
their individualized profile.

2021 - A NOVEL COMBINED ORAL CONTRACEPTIVE BASED ON A NATIVE
OESTROGEN, ESTETROL

Estetrol (E4) was discovered in the mid-1960s by Diczfalusy and co-workers by
investigating the metabolism of E2 in early pregnancy (Coelingh Bennink et al., 2008).
This steroid molecule, characterized by 4 hydroxyl groups, is exclusively synthesized
in the foetal liver which is the only organ capable of both 15a- and 16a-
hydroxylation. Estetrol is present in maternal blood and urine from the ninth week
of gestation and reaches the maternal circulation through the placenta (Holinka et
al., 2008). Produced in increasing quantities during the foetal lifespan, it was
suggested that E4 could be a safe oestrogenic steroid for human use.
Pharmacokinetic studies demonstrated an interesting profile with a good oral
bioavailability, no metabolization into active metabolites, i.e. E3, E2 or E1, and a half-
life time around 28 hours, suggesting suitability for once daily administration
(Coelingh Bennink et al., 2008). From a pharmacodynamic point of view, E4 showed
a high selectivity for the oestrogen receptors (ER) and weak interactions with
glucocorticoid, progesterone and testosterone receptors (Coelingh Bennink et al.,
2008). The binding affinity for both oestrogen a and [3 receptors (ERa and ER[3) was
moderate with a 4- to 5-fold higher affinity for ERa. Like the other oestrogens, E4
activates the nuclear ERa but in contrast with other oestrogens, it antagonizes the
activity of membrane ERa. involved in more rapid signalling pathways. Oestrogens
can act through this distinctly different pathway by inducing rapid extra-nuclear
activity via a small pool of ERa located close to the membrane. This process is
defined as membrane-initiated steroid signalling (MISS) and may result in the
activation of intracellular signalling pathways (e.g., PI3K, MAPK), the activation of
multiple kinases and the production of a variety of downstream second messengers
(e.g., nitric oxide, calcium flux, cyclic adenosine monophosphate), directly
influencing cell activities that contribute to the regulation of cell survival and
proliferation. Interaction of nuclear and MISS pathways remains to date poorly
recognized, but the kinases activated by the MISS pathway can, in turn,
phosphorylate various transcription factors, including ERs and coregulators, and
therefore indirectly modulate the transcriptional activity in the nucleus (Figure 0.6)
(Abot et al., 2014; Arnal et al., 2017; Gérard et al., 2015; Zhang et al., 2006).

Animal and human studies demonstrated that E4 behaves as an agonist in bones,
uterus, and brain (hot flush, ovulation inhibition, etc.) through nuclear ERa but as an
antagonist of ERa-dependent MISS pathway, and especially in the endothelium
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(considered as one of the NO synthase activation pathways) (Abot et al., 2014;
Coelingh Bennink et al., 2008; Valera et al., 2018)..
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Figure 0.6 | Interaction between oestrogens, i.e., E2, and E4, and oestrogen-receptor
alpha

Oestradiol activates both membrane and nuclear actions of ERa while E4 is an agonist of nuclear
activity but an antagonist of the ERa-dependent MISS pathway. Nuclear activity is the results of an
interaction between oestrogens, i.e., E2 or E4, and the ERa located in the cytoplasm. This binding
leads to the dimerization and the translocation of the complex into the nucleus, where it interacts
with oestrogen response element (ERE) DNA sequences in target genes. The ERa-dependent MISS
pathway consists of a rapid nongenomic activity playing an important role in the endothelial effect
of oestrogens. Palmitoylation of ERa allows them to anchor to the plasma membrane caveolae where
they associate with caveolin-1 (Cav-1). Upon E2 stimulation, ERa is de-palmitoylated and dissociated
from Cav-1, to interact with protein kinase (Src and PI3K), G-coupled protein ai (Gai) leading to
signalling cascade (Akt, Pka, ERK1/2) and endothelial NO synthase activation. On the other hand, E4
is devoid of ERa MISS activity and even is also able to antagonize E2-induced MISS effect, especially
in the endothelium.

With this mode of action, E4 has been recognized as a New Active Substance (NAS)
by the EMA and can be described as the first Native Oestrogen with Specific action
in Tissues (NEST), a classification which differs from the selective oestrogen receptor
modulators (SERM) (Foidart et al., 2019). A pharmacological comparison between
E4, EE and E2 is shown in Table 0.5.

These pharmacological properties made E4 an appropriate candidate for
contraception and menopausal replacement therapy. Based on pre-clinical and
clinical data, multiple E4/drospirenone and E4/levonorgestrel dose combinations
were investigated and compared to 20ug of EE in association with 3mg of
drospirenone, for their effects on ovulation inhibition and haemostatic biomarkers
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(Mawet et al., 2015). Regardless of the dose, i.e., 5mg, 10mg, or 20mg of E4 and the
progestin, i.e., either levonorgestrel or drospirenone, E4-containing COCs effectively
blocked ovulation and induced minor effects on haemostasis markers (Mawet et al.,
2015).

Table 0.5 | Comparison of E2, EE and E4
Oestradiol (E2)

Ethinylestradiol (EE) Estetrol (E4)

Natural

Synthesized in the
growing ovarian follicle,
corpus luteum, placental,
adrenal and Leydig cells,
liver, endometrium, brain
muscle and fat tissue.

Natural
Exclusively synthesized in
the fetal liver

Origin Synthetic derivative

Chemical structure

Dosage in COC

10-50ug

LNG, NETA, NGM, DSG,

Ass"c'ai;eg g?ges“" gﬁ(l\g/lAC GSD, DRSP, CPA, DNG, DRSP
CMA
Oral Low oral bioavailability
. I but administered either Good oral bioavailability Good oral bioavailability
bioavailability R . o
micronized or esterified.
High metabolism into
. Lo various conjugates
PK Metabolism High metabolism into E1 (glucuronidated, sulfated No metabolization
profile (sulfate) and E3 (sulfate)
and hydroxylated
metabolites)
Half-life time around 35
. hours (E1 serves as a Half-life time around 12 Half-life time around 28
Half-life time precursor of E2 and can
- hours hours
be transformed back into
E2)
High selectivity for ER
PD High selectivity for ER thgth;r ifﬂ mEt\; for ERQ);th
profile (higher affinity for ERa) rst Mative Estrogen wi

Specific action in Tissues
(NEST)

Impact on liver protein
synthesis

Minor (non-negligible
contribution of E1)

Major

Minor

In the meantime, an open-label, multi-centre, randomized, dose-finding study
(FIESTA) was performed to assess bleeding pattern and cycle control of E4 combined
with either drospirenone or levonorgestrel (Apter et al., 2016). The combination of
15mg E4 with 3mg drospirenone proved to be the most efficacious with respect to
bleeding and cycle control and showed the most satisfaction among the users (Apter
etal., 2016; Apter et al., 2017). Further haemostasis investigations revealed that this
novel E4-containing COC had a very low impact on the coagulation and fibrinolytic
systems (Douxfils, Klipping, et al., 2020). Details on the phase Il clinical trial regarding
the impact on haemostatic parameters, APCR and thrombin generation are found in
Part lll.
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In light of the clinical efficacy and safety data from the Phase Il program, the
association of E4 at the dose of 15mg with 3mg of drospirenone (monophasic 24+4
regimen) was selected for phase Il development (Apter et al., 2016). The E4 Female
Response concerning Efficacy and safety of Estetrol/Drospirenone as Oral
contraceptive in Multicentric study (FREEDOM) Phase Ill program consisted of two
open-label, single arm studies, one performed in Europe and Russia and the other
one in the US and Canada totalling 3,725 women. The studies confirmed the
contraceptive efficacy, a good bleeding profile and cycle control and also reported a
high satisfaction rate (Grandi et al.,, 2020). This led to the approval of
E4/drospirenone by several regulatory agencies since the beginning of 2021
(European Medicines Agency, 2021).

CONCLUSION

Over the last 60 years, efforts have been made to reduce the risk of VTE events
associated with COCs, and today, all strategies seem to be moving towards the safe
use of these products. With novel formulations on the market, i.e., E2- and E4-based
COCs, the association of EE with levonorgestrel should no longer be the only option
for minimizing the risk of VTE associated with COCs use. In addition to the
development of safer products, attempts are being made to improve the
management of patients who desire to start a contraceptive therapy. The proposal
of a global screening test before the initiation of a contraceptive therapy could
significantly reduce the 22,000 cases of thrombosis observed each year in Europe
following the use of COCs (McDaid et al., 2017).
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SUMMARY

Background: Regulatory bodies recommend the use of an assay based on the
assessment of the endogenous thrombin potential (ETP) for the investigation of the
activated protein C resistance (APCR) in the development of steroid contraceptives
in women. However, the assays described in the literature are home-made and not
standardized regarding the method, the reagents, the reference plasma, and the
quality controls.

Aims: In the absence of any commercially available method, we aimed at validating
the ETP-based APCR assay.

Methods: The validation was performed according to regulatory standards. The
method targets a 90% inhibition of the ETP in healthy donors in presence of APC
compared to the same condition in the absence of APC. As a large-scale production
of a pool of plasma from well-selected healthy donors is impossible, algorithms are
applied to a commercial reference plasma to correlate with the selected pool.

Results: Repeatability and intermediate precision passed the acceptance criteria.
The assay demonstrated a curvilinear dose response to protein S and APC
concentrations (R?>0.99). Analysis of plasma samples from 47 healthy individuals (22
women not taking combined hormonal contraceptives and 25 men, no factor V
Leiden carrier) confirmed the validity of the test, with a mean inhibition percentage
of 90%. Investigations in 15 women taking different contraceptives and in 2 subjects
with FV Leiden mutation confirmed the good sensitivity and performance of the
assay.

Conclusion: This validation provides the pharmaceutical industry, the regulatory
bodies, and the physicians with a reproducible, sensitive, and validated gold-
standard ETP-based APCR assay.
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INTRODUCTION

The Committee for Medicinal Products for Human Use (CHMP) of the European
Medicines Agency (EMA) has issued in 2005 a guideline on clinical investigation of
steroid contraceptives in women. As clinical trials generally include an insufficient
number of women to provide information on cardiovascular events or venous
thromboembolism (VTE), this guideline recommends the biological variables
possibly related to different VTE risk to be investigated (European Medicines Agency,
2005). Among these markers, the endogenous thrombin potential (ETP)-based
activated protein C resistance (APCR) is recommended. The measurement of the APC
resistance (APCR) using the ETP has been first described in 1997 by Nicolaes et al.
(Nicolaes et al., 1997). The test was developed to assess the acquired resistance to
APC in pregnant women, women taking oral contraceptive or menopausal
replacement therapy and in subjects with protein S deficiency, carrying a factor V
Leiden (FVL) or a prothrombin (PT) G20210A mutation (Curvers et al., 1999; Curvers,
Thomassen, et al., 2002; Rosing et al., 1999). The normalized APC sensitivity ratio
(nAPCsr) was then defined as the ETP ratio in presence and in absence of exogenous
APC of the patient’s sample divided by the same ratio from a reference plasma
(Nicolaes et al., 1997).

The test was initially performed on a thrombin generation system based on the
cleavage of a chromogenic substrate specific for thrombin (Nicolaes et al., 1997).
Because technical and methodological difficulties limited this technique (Tchaikovski
et al., 2007) and because of the technological advance brought by the calibrated
automated thrombogram (CAT) of Hemker et al. (Hemker et al., 2003), the ETP-based
APCR assay was adjusted on this fluorometric technique (Brugge et al., 2006;
Tchaikovski et al., 2007). However, the limitations of the CAT system, such as the lack
of standardization of the reagents, the absence of quality controls and reference
plasma and the batch-to-batch variation, are also applicable to the ETP-based APCR
assay (Dargaud et al., 2010; Dargaud et al., 2007; Loeffen et al., 2012; Perrin et al.,
2015). Indeed, besides the differences imposed by a chromogenic or a fluorogenic
assay, with the use of defibrinated plasma or platelet poor plasma (PPP) respectively,
differences in the source and concentration of tissue factor (TF), APC and
phospholipid (PLs) vesicles led to variable sensitivity of the assays towards the APCR
(Brito et al., 2012; Johnson et al., 2008; Lebreton et al., 2017; Raps et al., 2012; Raps
et al., 2013; Tans et al., 2003; Tchaikovski et al., 2007; Westhoff et al., 2017). This
hampered study-to-study comparisons which in fine impeded the proper evaluation
of the safety of hormonal therapies or evaluation of prothrombotic states. In the
absence of any commercially available method approved by competent authorities,
the validation of this assay was a requirement for the assessment of ETP-based APCR
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in clinical studies (European Medicines Agency, 1995; Food and Drug Administration,
2018).

The aim of this study was to validate the ETP-based APCR assay using commercially
available reagents to ensure batch-to-batch traceability, recovering and
reproducibility of the method over time. The validation was performed according to
the best industry standards including FDA “Guidance for Industry: Bioanalytical
Method Validation” and ICH Q2(R1) “Validation of Analytical Procedures: Text and
Methodology” (European Medicines Agency, 1995; Food and Drug Administration,
2018).

MATERIALS AND METHODS

The study protocol was in accordance with the Declaration of Helsinki and was
approved by the Medical Ethical Committee of the Centre Hospitalier Universitaire
(CHU), Université Catholique de Louvain (UCL) Namur, Godinne (Yvoir, Belgium)
under the number B03920096633. A written informed consent was obtained from
each donor. This study was carried out at QUALIblood facilities, a contract research
organization in Namur, Belgium.

Plasma collection of healthy donor’s sample
Procedure of blood sampling

Blood was taken by venepuncture in the antecubital vein and collected into 0.109 M
sodium citrate (9:1 v/v) tubes (Vacuette®, Greiner, Austria) without corn trypsin
inhibitor using a 21-gauge needle (Terumo). The first tube was always discarded, and
the first centrifugation was performed within 30 min. The PPP was obtained from
the supernatant fraction of blood tubes after a double centrifugation for 15 min at
2,500 x g at room temperature. The centrifuge brake was set to the minimum
position at the end of the process. The residual platelet count was measured to
ensure the centrifugation procedure provides plasma with a platelet count <10.000
platelets/uL. Immediately after centrifugation, PPP was aliquoted by 1 mL or pooled
for the constitution of the in-house reference plasma and aliquoted by 4 mL. The
aliquots were then snap-frozen in liquid nitrogen before being stored at < -70°C.
Frozen PPP samples were thawed, heated to 37°C for 2-3 min and mixed gently just
before the experiment. All tests were performed within 4h after thawing.

Population for the constitution of the normal pooled plasma, for
the definition of the normal range and from women taking
hormonal contraceptives and/or carriers of factor V Leiden
mutations.

Twenty healthy donors (10 males and 10 females) were enrolled to constitute the in-
house healthy pooled plasma (HPP), later called the in-house reference plasma. The
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mean age of the participants was 23 years old (range: 18-47 years old) and the mean
body mass index (BMI) was 22.3 kg/m? (range: 16.3-29.0 kg/m?). Exclusion criteria
were history of thrombotic and/or haemorrhagic events, treatment by an anti-
platelet or anticoagulant medication or other drug potentially affecting platelets or
coagulation factors, pregnancy, and use of hormonal therapy (i.e., contraceptive or
menopausal replacement therapy). These donors were not carriers of FVL or PT
G20210A mutations.

For the definition of the normal range, 50 healthy individuals (22 females and 28
males) were initially included but 3 males were excluded due to incomplete clinical
data provided in the questionnaire. The exclusion criteria were the same as above.
The mean age was 25 years old (range: 18-58 years old) and the mean BMI was 22.8
kg/m? (range: 16.3-30.3 kg/m?).

To assess the stability of the sample for the ETP-based APCR assay over time, 6
plasma samples from healthy males and 6 plasma samples from women under
contraceptives were collected and stored as above. These samples were also used
for the first batch changing to ensure between batch reproducibility according to the
CLSI-EP26-A document (Clinical and Laboratory Standards Institute, 2013).

To assess the sensitivity of the test in a small subset of random real-life samples, 15
healthy young women taking hormonal therapy since at least 3 cycles were
recruited. The exclusion criteria were the same as above. Women were stratified in
3 groups, i.e., 5 women taking 2"¢ generation combined oral contraceptives (COC), 5
women taking 3" generation COC and 5 women taking either a progestin-only oral
contraceptive or an implant (two on desogestrel oral, one on nomegestrol oral and
two on etonogestrel implants). Besides, two samples from young women, both
carriers of a heterozygote FVL mutation, were tested. One of these two young
women was also treated with a 2" generation COC. These two FVL mutations were
confirmed by a CE-approved technique for the detection of FVL G1691A genetic
polymorphism (LaCAR MDx Technologies S.A., Liége, Belgium). The FVL mutation in
the young women not on COC was also confirmed by a coagulation test with a ratio
of 1.53 (reference range value [ratio]: negative sample > 2.9; heterozygote: 1.3-1.8;
homozygote: 0.9—1.1) (APC Resistance kit, Technoclone, Vienna, Austria).

General procedure of the ETP-based APCR assay

The ETP-based APCR assay was assessed on the CAT (Thrombinoscope BV,
Maastricht, The Netherlands) with the Thrombinoscope software (Thrombinoscope
BV, version 5.0). The concentration of APC was determined to ensure a 90%
inhibition of the ETP (Equation 3) of the in-house reference plasma. In the literature,
the ETP-based APCR is usually expressed as a “normalized APC sensitivity ratio”
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(nAPCsr) (as already described in Equation 2). The present study will compare these
two expressions of the results using samples from the entire population included.

Equation 3 :

Sample ETP (+APC)

Inhibition % = 1
Sample ETP (—APC)

,expressed in %

Triggering reagents

Measurements were conducted using commercially available CE-marked thrombin
generation dedicated kit reagents from Diagnostica Stago (Diagnostica Stago,
Asnieres-sur-Seine, France). The activator reagent, the STG-ThromboScreen -TM, is
a mixture of PLs (* 4uM) and TF (x 5pM) in which a fixed concentration of APC
(Enzyme Research Laboratories, Swansea, United Kingdom) was introduced for the
APC-positive (+APC) condition. The fluorogenic substrate was brought by the FluCa-
kit (Diagnostica Stago) which contains calcium chloride at 160mM to trigger the
coagulation cascade. Each well was filled up with 20uL of activator reagent, in
absence or in presence of APC, and 80uL of plasma. A 10 min incubation at 37°C in
the fluorometer was performed before injecting 20uL of FluCa-Kit to start
measurements.

It is worth mentioning that, as the manufacturer fulfils the batch-to-batch
comparability testing requirements described in the CLSI-EP26-A document, the
concentration of TF and PLs may slightly vary from batch-to-batch (Clinical and
Laboratory Standards Institute, 2013). For this reason, the complete
activation/triggering system has to be validated for each batch of reagents. For each
new batch combination of reagents, the concentration of APC required to obtain a
90% of inhibition of the ETP in the +APC condition compared to the -APC condition
has to be determined. Thus, the concentrations provided in the following section are
only informative.

Reference plasma

The use of reference plasma is dedicated to the normalization of the thrombin
generation test (TGT) parameters and to the determination of APC concentration.
Two different reference plasmas were used for the validation: the in-house
reference plasma (see plasma collection of healthy donors’ samples for more details)
for the determination of the APC concentration to obtain the initial 90% of inhibition
of the ETP and one commercially available reference plasma, STG-Ref Plasma TS,
dedicated to a thrombin generation application (Diagnostica Stago) for experiment-
to-experiment normalization and to ensure batch-to-batch recovery. Note that
another cryogenized reference plasma (CRYOcheck Pooled Normal Plasma; Cryopep,
Montpellier, France) was also used for mixing studies with immunodepleted protein
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S plasma (Cryopep) certified as containing less than 1% of protein S for antigenic and
functional dosage.

Quality controls

Three levels of quality controls (QC) were used. These were lyophilized citrated
human plasma designed for thrombin generation testing (Diagnostica Stago) and
described as hypocoagulable (STG QualiTest Low TS, QC low), intermediate (STG-
QualiTest Norm TS, QC norm) or hypercoagulable (STG-QualiTest High TS, QC high).
These controls provided 3 distinct levels of response in the ETP-based APCR assay.

Validation of the ETP-based APCR assay

The validation was performed according to the “best industry standards” (European
Medicines Agency, 1995; Food and Drug Administration, 2018). The validation steps
and their corresponding acceptance criteria to be fulfilled to ensure validation of this
assay are listed in Table 1.1.1.

Table .1.1| Acceptance criteria and results for the different validation steps.
Acceptance criteria Results

Linearity
- Activated Protein C

R2>0.99 (non-linear - R2=0.996 (for in-house

dose response
- Protein S deficiency
dose response

regression accepted)
R2>0.99 (non-linear
regression accepted)

reference plasma)
- R2=0.998

Stability of reagents

All points (3 levels of QCs
and the commercial
reference plasma) must
be within the acceptance
range calculated as the
mean inhibition of the 4
manipulations expressed
in % +5% for each level
of control

- All QCs were within 5%
of deviations of the
mean percentage of
inhibition during the 4-
hour period.

Precision —

Repeatability

- Intra-run
repeatability

- Inter-run
repeatability

- SD<10%

- SD<10%

-SD were 0%, 1%, 3% and
0% for the QC low,
intermediate, high and
the commercial
reference plasma.

-SD were 0%, 7%, 4% and
3% for the QC low,
intermediate, high and
the commercial
reference plasma.
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Table 1.1.1 (continued) | Acceptance criteria and results for the different validation

steps.

Acceptance criteria

Results

Precision —
Intermediate precision

- SD < 10% and no
significant difference
between operators
(evaluated by ANOVA
with Tukey’s multiple
comparison test). A p-
value below .05
considers the difference
between operators as
significant.

- The SD of the 3 different
operators range from 0%
to 0%, 2% to 5%, 0% to
4% and 1% to 2% for the
QC low, intermediate,
high and the reference
plasma respectively. The
p-values were .8503,
.6969, .8253 and .9459
for the QC low,
intermediate, high and
the reference plasma
respectively.

Reference range

Mean percentage of
inhibition of the 47
healthy donors™ =90 +
2.5%.

- The mean percentage of
inhibition of the 47
healthy donors was 90%
(SD = 6%; 95%

confidence interval of
the mean = 89% to 92%;
10th — 90t percentile =
82% - 100%).

"Three donors were excluded due to incomplete information provided on the informed consent.

Linearity analysis

The linearity was assessed by dose-response curves performed with (i) various
concentrations of exogenous APC added to the triggering reagent and (ii) with tested
plasma containing different levels of protein S. For assays with exogenous APC,
reference plasmas were compared (i.e., the in-house reference plasma and the
commercial reference plasma). The different protein S concentrations were obtained
by mixing a cryogenized immuno-depleted protein S deficient plasma (Cryopep) with
a commercially available cryogenized reference plasma (CRYOcheck Pooled Normal
Plasma, Cryopep) at different proportions (tested ratio protein S deficient
plasma/CRYOcheck: 100/0; 90/10; 80/20; 60/40; 40/60; 20/80; 10/90 and 0/100).
The percentage of protein S contained in the different mixes was assessed on a STA-
R MAX analyser (Diagnostica Stago) using the STA®-Staclot® Protein S assay
according to the manufacturer recommendations.

Stability of the reagents

To ensure that reagents are stable after reconstitution in case of reagent re-use,
stability of the reagents has been assessed 1h, 2h, 3h and 4h after reagent
reconstitution and stabilization (i.e., 30 min) at room temperature. The 3 levels of
controls and the commercial plasma were assessed during this step.
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Precision and repeatability

The intra-run repeatability was assessed by performing 5 individual measurements

of QCs and commercial reference plasma within the same run. The inter-run

repeatability was assessed on 10 runs of measurement of the QCs and the

commercial reference plasma by the same operator. Reagents were freshly

reconstituted or thawed at each run. The intermediate precision was assessed by

performing the analyses by 3 different operators. Each operator performed 3 runs

measuring the QCs and the commercial reference plasma.

Routine use evaluation

Determination of quality controls and commercial reference
plasma values

The QCs and commercial reference plasma values have been determined on 10

different independent runs. Means and standard deviations (SD) enabled the

definition of the acceptance range of the 3 levels of controls, which corresponded to

the mean +2*SD. For the commercial reference plasma, the accepted range was

defined as the percentage of inhibition that corresponds to 90% + 2.5% of inhibition

of the in-house reference plasma. The 3 levels of QCs and the commercial reference

plasma were assessed at each run (n=23 for the first batch of reagent and n=19 for

the second batch of reagent).

The sensitivity of the commercial reference plasma was compared to the in-house

reference by using the nAPCsr equation referred in Equation 2. A “nAPCsr correction

factor” was determined by computing the nAPCsr of the commercial reference

plasma (numerator) using the in-house reference plasma as the reference plasma

(denominator) (Equation 4). This “nAPCsr correction factor” was computed by

performing 6 independent runs. In addition, an “ETP correction factor” was defined

during this step, as the ETP ratio of the commercial reference plasma compared to

the in-house reference plasma, both in the absence of APC (Equation 5). The “ETP

correction factor” ensures the recovery of the true ETP ratio of a sample versus the

in-house reference plasma.
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Equation 4 :

nAPCsr correction factor (F) =

Commercial reference plasma ETP (+APC)
Commercial reference plasma ETP (—APC)

In—house reference plasma (+APC)
In—house reference plasma (—APC)

Equation 5:

Commercial reference plasma ETP (—APC)

ETP correction factor (CF) =
In—house reference plasma ETP (—APC)
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Inter-batch management

Inter-batch management was performed according to the CLSI-EP26-A document.
Twelve samples involved in the stability study, the QCs and the commercial reference
plasma from the previous batch were tested to ensure recovery between the
previous and the new batch of reagents. The acceptability range for each of these
samples was assessed using the following formula:

Equation 6 :
Critical analytical difference (CD) = 2.77 X estimated CV

Equation 7 :
Critical SD = % X inhibition percentage with current batch
Equation 8:
Acceptability range = inhibition % with current batch + SD critical

It is worth noting that the coefficient of variation (CV) being inversely proportional
to the percentage of inhibition, the estimated CV mentioned in Equation 6 was
adapted for each sample regarding its initial percentage of inhibition.

Sample stability during storage

Stability after plasma sample freezing for ETP-based APCR assay

Fresh plasma from the 6 healthy males and 6 women taking hormonal contraceptives
were tested at different time points to assess the stability of the ETP-based APCR
assay. Tests were performed:
- Onfresh samples (the day of plasma collection after centrifugation; day 0)
- Onfrozen samples (< -70°C), at day 1, day 15, month 1, month 3, month 6,
month 9, month 12, month 18, month 24 and month 36. Note that, as an
evaluation of the same samples was also performed at batch changing (i.e.,
after 5 months), these results have also been included in this stability study.

The stability of thrombin generation results, once the plasma has been frozen at -
70°C or lower, was assessed using the method of the rejection limit (RL). This method
aims to establish the length of sample storage time during which the measurement
of the ETP-based APCR is acceptable when samples are handled and stored carefully
following the laboratory’s established conditions.

The impact of freezing was assessed comparing the results of each sample at day 0
(i.e., fresh sample) to the results obtained at day 1.
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Statistical analysis

Statistical analyses were performed using GraphPad Prism 8.0 for macOS (GraphPad
Software, San Diego, California, USA, www.graphpad.com). Descriptive statistics
were used to analyse the data. The variability is expressed in terms of SD instead of
CV. Indeed, the expression of the variability in terms of CV is not appropriate in
assays with stable SD along the whole range of measurements (Clinical and
Laboratory Standards Institute, 2016). For intermediate precision, data were
compared using an ANOVA with Tukey’s multiple comparison’s test. For non-linear
regressions, one-phase association regressions were used when linear correlations
were impossible. Linear regressions and Pearson correlations were used to assess
the correlation between the nAPCsr and the percentage of inhibition. Comparison of
results at DO and D1 for stability testing was performed by a Wilcoxon-signed rank
test if distribution failed to show normality using the Shapiro-Wilk normality test.
Otherwise, a Mann-Whitney test was used. The different groups of donors were
compared using a Kruskal-Wallis test along with the Dunn’s test for multiple
comparison.

RESULTS
Validation of the ETP-based APCR assay
The results of the method validation are summarized in Table 1.1.1.
Linearity analysis

The dose-response curve of the APC is shown in Figure 1.1.1(A). The concentration
of APC to obtain a 90% (accepted range: 87.5% to 92.5%) inhibition of the ETP with
the two different reference plasmas were 142 (accepted range: 128 to 161) mU/mL
and 362 (accepted range: 305 to 485) mU/mL for the in-house plasma and the
commercial reference plasma respectively. The dose-response curve of the protein
Sis shown in Figure 1.1.1(B).

Stability of the reagents

Results showed that reagents are stable for 4h after reagent reconstitution and
stabilization at room temperature.
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Figure .1.1 | (A) Inhibition percentage of the ETP at various concentrations of APC with two different reference plasmas. (B) Inhibition percentage
depending on protein S deficiency.

Log-transformation of the X-axis did not permit obtaining a linear correlation. A non-linear model was used as recommended (European Medicines Agency, 1995; Food
and Drug Administration, 2018). R? of the non-linear regressions were both > 0.99. The concentrations of APC required to obtain a 90% (accepted range: 87.5 to 92.5%)
of inhibition of the ETP with the in-house reference plasma and with the commercial reference plasma were 142 (accepted range: 128 to 161) mU/mL and 362 (accepted
range: 305 to 485) mU/mL. The Y-dotted line and the dashed zone represent 90 +2.5 % of inhibition. The X-dotted line and the corresponding dashed zone the chosen
APC concentration (based on the in-house reference plasma) and its acceptance range. For protein S deficiency, vertical dotted line represents the limit of detection of
the STA®-Staclot®Protein S assay (results beyond this limit were not considered)
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Precision and repeatability

Intra-run, inter-run repeatability and intermediate precision showed SD values
within the acceptance criteria (Table 1.1.1).

Reference range and sensitivity towards different oral
contraceptive therapies and factor V Leiden mutation

In the reference range study involving 47 healthy subjects, the mean percentage of
inhibition was 90% and the nAPCsr was 1.04. In the different contraceptive groups,
the mean percentage of inhibition and the nAPCsr were 72% and 2.72, 45% and 5.40,
83% and 1.62 for 2" generation COC, 3™ generation COC and progestin-only
contraceptive, respectively (details are provided in Table 1.1.2 and Figure 1.1.2).
Carriers of a heterozygote FVL mutation showed a percentage of inhibition of 35%
and 60% which represents a nAPCsr of 5.82 and 4.05, respectively (Table 1.1.2 and
Figure 1.1.2).

Routine use evaluation

Determination of the quality controls and the commercial
reference plasma values

Mean percentages of inhibition together with acceptance ranges of QC low, QC
intermediate, QC high and the commercial reference plasma after 10 independent
runs are summarized in Table 1.1.3. The mean percentage of inhibition of the
commercial reference plasma was 65%. The “nAPCsr correction factor” and the “ETP-
correction factor” of the commercial reference plasma were 3.156 (SD = 0.12; n=6)
and 1.271 (SD = 0.08; n=6) respectively, compared to the in-house reference plasma.

The acceptance range of the commercial reference plasma corresponding to the
acceptance range of the in-house reference plasma (i.e., 87.5% to 92.5%) was 56%
to 74%.

Inter-batch variability

All the 12 samples included for the evaluation of the inter-batch variability as well as
the 3 QC levels and the commercial reference plasma were within acceptance ranges
(Table 1.1.3).

The within-batch variability is in line with the between-batch relative differences.
The SD was always <6% for all QCs over the two batches of reagents (Table 1.1.4).
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Table 1.1.2 | Inhibition percentages and nAPCsr values among the 47 healthy subjects and in the 15 women included in the sensitivity study.
Differences between the groups are statistically significant for women on 21 and 3t generations COC compared to healthy subjects. No difference was observed for
women with progestin only therapy. Results were similar whether expressed as a percentage of inhibition or nAPCsr.

Percentage of inhibition nAPCsr
Mean 95% Cl SD AP =E A Mean 95% Cl SD A= |- e
? percentile ? percentile
Healthy subjects 90% 89 t0 92% 6% 82% -100% 1.04 0.871to 0.59 0.00-1.92 -
(n=47) 1.21
Women on 2nd o
generation COC 72% Ggf(yto 9% 60% - 82% 2.72 1:,_35;;0 0.92 1.80-3.90 0.0036
(n=5) o )
Women on 3 o
generation COC 45% 3?1’;0 7% 36% - 51% 5.40 4:?;0 0.74 4.70-6.30 0.0002
(n=5) o 3
Women on progestin- o
only contraceptive 83% 8;:;0 2% 80% - 86% 1.62 1'13;;0 0.22 130-1.90 | 0.1948
(n=5) (] .
Woman on 2nd
generation COC and 35% N.A. N.A. N.A. 5.82 N.A. N.A. N.A. N.A.
FVL heterozygous
mutation (n=1)
Woman with FVL
heterozygous 60% N.A. N.A. N.A. 4.05 N.A. N.A. N.A. N.A.
mutation (n=1)

*p-value was assessed using a Kruskal-Wallis test with Dunn’s test multiple comparison and compared healthy subjects with the 3 other groups individually.
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The mean percentage of
inhibition is higher in the
healthy population and in
women on progestin-only
contraceptive  (n=2 for
etonogestrel implants, n=2
for oral desogestrel and n=1
for oral nomegestrol).
Compared to the healthy
population, women on 2nd
and 3rdgenerations COC and
carriers of a heterozygote
FVL mutation have a lower
percentage of inhibition
showing a tendency for
some resistance towards
APC. The Y-dotted lines and
the dashed zones represent
90 #2.5 % of inhibition (on
the right) and  the
corresponding nAPCsr of
1.00 +£0.25 (on the left).

Figure 1.1.2 | Percentage of inhibition and corresponding nAPCsr, obtained with the validated ETP-based APCR assay, in a healthy population (men
and women not using hormonal therapy), in women on 2nd generation COC, in women on 3rd generation COC, in women on progestin-only
contraceptive and in carriers of FVL mutation.
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Table 1.1.3 | Inter-batch variability and definition of the acceptance range for the 12
random samples, the QCs and the commercial reference plasma included for evaluation of
batch changing.

All percentages of inhibition obtained with the second batch of reagents were within acceptance
ranges obtained with the first batch of reagent.

Inhibition % Acceptance Inhibition % . \'Ia.llfiated
Sample ID if inhibition % new
(1t batch) ranges (2nd batch) L.

batch within range
QC Low* 100% 100 to 100% 100% N
Intern?ecdiate* 17% 11 to 24% 19% v
QC High* 6% 1to 12% 3% N

Ref

;ai';';ie 65% 56 to 74%' 65% v
Contraceptive 1 67% 63 to 71% 71% N
Contraceptive 2 76% 72 to 80% 76% N
Contraceptive 3 35% 29 to 42% 33% N
Contraceptive 4 43% 37 to 48% 47% N
Contraceptive 5 63% 59 to 67% 64% N
Contraceptive 6 40% 35 to 46% 46% N
Man 1 94% 90 to 98% 97% N
Man 2 100% 96 to 100% 97% N
Man 3 90% 86 to 94% 91% N
Man 4 90% 86 to 94% 90% N
Man 5 91% 87 to 95% 93% N
Man 6 93% 89 to 97% 94% N

*The QCs and the commercial reference plasma were those validated with the first batch of reagents."The
acceptance range of the reference plasma corresponds to the acceptance range of the in-house reference
plasma (i.e., 87.5% to 92.5%)

Tablel.1.4 | Mean values and standard deviations of the different QCs and the commercial
reference plasma over the 2 batches of reagents.

Results are expressed as inhibition percentages. Within-batch and between-batch SD value <5% and
10%, respectively, is considered as a very reproducible method.

Mean value - SD
ac ac Qc e LR
Low Intermediate High
plasma
(nﬂ:l) 100% - 0% 25% - 6% 7%-2% 67% - 3% 4%
(rL:tZ;) 100% - 0% 21%- 3% 7% - 3% 66% - 4% 3%
(rL:tlz) 100% - 0% 31%- 2% 6% - 2% 68% - 3% 2%
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Expression of the results — inhibition percentage versus nAPCsr

On the 64 plasma samples from healthy subjects (n=47), women on contraceptives
(n=15) or carriers of FVL mutation (n=2), the correlation’s Pearson coefficient was
-0.998 (95% Cl: -0.999 - -0.997) (Figure 1.1.3).

Figure 1.1.3 | Linear correlation

107 R
R"=0.995 between the percentage of inhibition
] and the nAPCsr.
8 The linear correlation reveals an excellent
correlation between the two ways of
] expression (R2=0.995). The Pearson r
o 6 ° coefficient is -0.998 (95% CI: -0.999 -0.996).
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Sample stability during storage

On the 12 donors included in the stability study, Shapiro-Wilk normality test did not
reveal a normal distribution. Thus, a Wilcoxon signed rank test was used to assess
the difference between the paired two groups. Results showed that the ETP-based
APCR is impacted by freezing (p-value = 0.0005). Once frozen, samples are stable for
at least 36 months as demonstrated by the rejection limit analysis (Figure 1.1.4).

300 =
v =0.3483 + 0.03126°x
200 =
i adjusted RL = 100.35
L]
- 100 = eeereerceneeneensd AP L
£ . . i R
c
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Figure I.1.4 | Stability after sample freezing (<-70°C) of the percentage of inhibition with
the ETP-based APCR assay.
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The percent bias (or the %RL) was plotted versus time for each time point. The regression line of this
plot represents the average percent bias (proportional change) over time. The 100% RL has been
defined as the maximal allowable error (MAE). For the percentage of inhibition, the MAE was 20%
based on the data from the precision study. The Y-intercept was used to determine the adjusted RL
(upper adjusted RL = 100 + Y-intercept - lower adjusted RL = -100 + Y-intercept). The 95%CI of the
linear regression (the blue hashed zone) does not cross the adjusted RL which means that the
samples are stable over the analysed period (i.e.,, 1080 days). Samples outside the rejection limit are
included in the fitting of the linear regression. They represent less than 10% of the measures.

DISCUSSION

This study is the first reporting a complete validation of the ETP-based APCR assay
according to the regulatory requirements (European Medicines Agency, 1995; Food
and Drug Administration, 2018). Results showed that the ETP-based APCR test,
performed according to this validation, provides reproducible, sensitive, and
validated results, building the first steps to implement this assay into routine (Table
1.1.1). Besides this progress, this will finally allow study-to-study comparison. Indeed,
the current methodologies found in the literature are not standardized nor validated
and do not usually describe procedures for ensuring reproducibility from batch-to-
batch (Curvers, Christella, et al., 2002). In addition, modifications in the
concentration of TF, PLs, and exogenous APC made the sensitivity of the test vary
(Curvers, Christella, et al., 2002; Lebreton et al., 2017).

Within and between-run reproducibility showed similar SD on the whole range of
measurements (Table 1.1.4) demonstrating a same precision of the assay whatever
the level of inhibition of the sample. Intermediate precision showed that, whatever
the trained operator, the test provides reproducible results. The daily management
of the 3 QC levels provides satisfactory results. They were always within the
acceptance range among the 41 different experiments distributed on 2 batches of
reagents. Batch-to-batch variation is also efficiently managed with total recovery of
the QCs, reference plasma and 12 real-life samples from donors covering the entire
range of measurement of the test. Concerning the sensitivity, the assay is able to
discriminate healthy subjects from women treated with 2" or 3™ generation COCs
even in this small subset of subjects, i.e., with only 5 subjects in each treated group.
In addition, 2 women with FVL mutation were also included in this study. Their
nAPCsr values were 4.05 and 5.82, confirming that the test is also sensitive to this
genetic mutation. Interestingly, among these 2 subjects, the highest value was
obtained in a woman concomitantly treated with a 2" generation COC, suggesting
that the test is also sensitive to the synergistic effect of these two well-known
conditions predisposing to APCR.

The dose-response curves demonstrated that the test is sensitive towards levels of
protein S in the tested sample as well as from the levels of exogenous APC added in
the test, as already reported by others (Curvers, Christella, et al., 2002; de Visser et
al., 2005). Results also showed an excellent correlation between the percentage of
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inhibition and the nAPCsr, which implies that the use of a reference plasma in each
plate to calculate the nAPCsr is maybe no longer needed (Figure 1.1.3). However, as
previously demonstrated by several authors, the use of a reference plasma is needed
to reduce the inter-experiment variability of TGT parameters such as the lag time,
time-to-peak, peak or ETP. Thus, a strategy to manage the use of a commercial
reference plasma is needed, as proposed in this validation (Dargaud et al., 2010;
Dargaud et al., 2007; Dargaud et al., 2012; Perrin et al., 2015). Regarding the stability,
our results demonstrated an impact of freezing on the ETP-based APCR. However,
once frozen, these samples are stable for at least 36 months (Figure 1.1.4).

This study has limitations. First, this is a monocentric study. Therefore, the inter-
laboratory performance of this validated ETP-based APCR assay could not be
assessed. Secondly, results of external quality assurance program have not been
included in this validation as the current thrombin generation EQA program is not
designed for thrombin generation assessment of APCR (Kluft et al., 2010). Finally, the
study was not conducted nor powered to define the normal range in patients treated
with hormonal therapies or having a FVL mutation. In this first investigation of the
analytical performance, only a small subset of samples has been included. The
definition of the different normal ranges should be preferably assessed in 120
samples in each group (Clinical and Laboratory Standards Institute, 2010) but this is
not the scope of this study since we aimed at proposing a standardized methodology
that could be used in many laboratories first. Thus, only trends can be drawn on the
overall effect of the different hormonal therapies or FVL mutation and further works
are necessary to define the variables that would yield results outside the reference
range.

Reference plasma

Previous publications recommended the use of a reference plasma to reduce the
inter-experiment and the inter-laboratory variability (Dargaud et al., 2010; Dargaud
et al., 2007; Dargaud et al., 2012; Perrin et al., 2015). The use of a commercial
reference plasma within this validation agrees with the literature since the use of
local plasma (i.e., a reference plasma performed at the laboratory facilities) was
generally reported as unable to improve the inter-laboratory variability and even
worsening the CV after normalization (Dargaud et al., 2010; Loeffen et al., 2012;
Perrin et al., 2015). The choice of a commercially available and certified plasma is
therefore more appropriate. On the other hand, a certain heterogeneity between
the different commercial reference plasma, which may hinder the benefit of their
use, was reported (Dargaud et al., 2010). In addition, the choice of a freeze-dried
plasma can be challenged since these plasmas have higher thrombin generation
capacity than frozen plasma due to multiple pre-analytical reasons (Dargaud et al.,
2010; Rodgers et al., 2014). This is also observed regarding the sensitivity towards
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added APC (Figure 1.1.1). In any case, the conditions behind the large-scale
production of these commercial reference plasma are probably far away from the
best recommendations of blood samples collection for thrombin generation testing.
Thus, one solution may be to compare the response of the commercial reference
plasma with a smaller pool of plasma from healthy donors collected in ideal
conditions and then to apply a correction factor to the commercial plasma to
compensate for their differences. This approach is efficient since the nAPCsr,
calculated in this validation for both the healthy subjects and the subjects on
hormonal contraceptive, is similarly sensitive to the percentage of inhibition and
closely correlates with this parameter (Figure 1.1.3 and Table 1.1.2).

Quality controls

Interestingly, it has been reported that an internal quality control (IQC) is essential
to produce consistent results of thrombin generation (Bagot et al., 2015). However,
in the field of thrombin generation, the confusion between an IQC and a reference
is often made. Most studies have proposed to normalize the results according to a
reference plasma (Bagot et al., 2015; Dargaud et al., 2010; Dargaud et al., 2007;
Dargaud et al., 2012; Perrin et al., 2015), which is not the same as a true control
plasma. To comply with local legislation, regulations, guidelines, or standards issued
by relevant bodies, at least 2 levels of controls are recommended. It is of upmost
importance for thrombin generation to propose such different levels of control to
allow the implementation of thrombin generation into routine testing. This ensures
the technique is under control for both normal and abnormal sample analysis.

Over a series of 41 measurements of the QCs, we demonstrated that the SD of the 3
levels of controls were always <3% for each batch taken individually (Table 1.1.4).
These data confirm that this validated ETP-based APCR assay is an accurate thrombin
generation application that could be performed routinely to assess patients’
prothrombotic state due to resistance towards APC.

Impact of freezing and stability of the samples

Information in the literature is sparse regarding the stability of plasma samples for
thrombin generation testing. A previous study evaluating the impact of pre-
analytical parameters on the measurement of circulating microparticles with
thrombin generation revealed that plasma samples are stable for one year at -80°C
(Lacroix et al., 2012). In this previous study, the authors assessed the stability of
thrombin generation with the MP reagent from Thrombinoscope BV. This reagent
does not contain TF as opposed to the trigger reagent assessed in this study
(concentration around 5pM). This higher TF concentration provides robustness to
the analytical procedure. However, we showed that freezing impacts the ETP-based
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APCR but once frozen, plasma samples are stable during at least 36 months (Figure
1.1.4).

Normal range definition

In this study, 47 samples from healthy donors were tested to provide grounds for the
definition of a normal range for this ETP-based APCR assay and also to validate the
use of a correction factor on the commercial reference plasma to match residual
activity. The mean percentage of inhibition, i.e., 90%, and the mean nAPCsr, i.e.,
1.04, demonstrate that the concentration of APC used to obtain 90% of inhibition of
the ETP in our in-house reference plasma is correct. When compared to the results
obtained in subjects treated with hormonal contraceptive therapy, the 10*"-90t
percentile range (Table 1.1.2) could serve as a basis for the classification of normal
and abnormal plasma. It could be proposed that samples above the 90" percentile
(for both the percentage of inhibition and the nAPCsr) may represent samples in
which resistance to APC is suspected. However, further studies in larger cohorts of
subjects on hormonal therapies, during pregnancy, with FVL or PT G20210A
mutations and with clinical thrombotic events are needed before adopting this
assumption.

CONCLUSIONS

This is the first study presenting a validated ETP-based APCR assay with performance
data. Results revealed an excellent inter-experiment precision thanks to the
standardized methodology, the excellent reproducibility and the use of a commercial
reference plasma and quality controls to validate each run of measurements. This
validation provides pharmaceutical industries, regulatory bodies and physicians with
a reproducible, sensitive, and validated assay that could be proposed as a gold
standard for the assessment of the ETP-based APCR. This finally ensures study-to-
study comparison as well as perspectives for the establishment of specific thresholds
to reflect the prothrombotic state in individual patients. Multicentric studies and
external quality assurance programs are required to assess the inter-laboratory
reproducibility of this technique and confirm its usefulness for standardizing
thrombin generation testing.
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1.2 - INTERLABORATORY VARIABILITY ASSESSMENT OF APC
RESISTANCE USING THE ETP-BASED APC RESISTANCE ASSAY

Laure _Morimont, Marie Didembourg, Héléne Haguet, Elise Modaffari,

Maxence Tillier, Céline Bouvy, Aurélien Lebreton, Jean-Michel Dogné,
Jonathan Douxfils

SUMMARY

Background and objectives: Although the endogenous thrombin potential-based
activated protein C resistance (ETP-based APCR) is recommended for the
development of steroid contraceptive agents, one of the main limitations of this
technique was its lack of standardization, which hampered study-to-study
comparison. A validated methodology that met all the regulatory requirements in
terms of analytical performances has been developed recently. To ensure a wide
implementation of this test, the assessment of the interlaboratory variability was
needed.

Method: The assay was implemented in three testing laboratories. First, dose-
response curves were performed to locally define APC concentration leading to 90%
of ETP inhibition on healthy donors. Intra- and inter-run repeatability were assessed
on a reference plasma and three quality controls. To investigate the variability in
results among the different testing units, 60 donor samples were analysed at each
site.

Results: The APC concentration leading to 90% of ETP inhibition was defined at 1.21
pg/mL and 1.14 pg/mL in the two receiving units. Intra- and inter-run repeatability
showed standard deviation below 3%. Analyses of the 60 donor samples showed no
statistically significant difference. The sensitivity of the test in the different
laboratories was maintained and subgroup analyses still reported significant
differences depending on hormonal status of donors.

Conclusion: This study is the first reporting the interlaboratory variability of the ETP-
based APCR assay. Data revealed excellent intra-laboratory precision and
interlaboratory reproducibility. These results support the concept that this blood
coagulation test provides an appropriate sensitivity irrespective of the laboratory in
which analyses are performed.
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BACKGROUND

Evidence suggesting that combined oral contraceptives (COCs) were associated with
an increased risk of venous thromboembolism (VTE) rapidly appeared after their
marketing in the 1960s (Jordan et al., 1961). Subsequently, numerous studies
assessing the impact of the different estroprogestative combinations on haemostasis
demonstrated that a poor response to the activated protein C (APC) could explain,
at least in part, the procoagulant state observed in users of oral contraceptive agents
(Henkens et al., 1995; Olivieri et al., 1995; Osterud et al., 1994; Rosing et al., 1997).
Several methods were therefore developed to evaluate this acquired APCR among
which the endogenous thrombin potential (ETP)-based APCR assay. This test is based
on the continuous measurement of thrombin generation, in the presence and
absence of exogenous APC (Nicolaes et al., 1997). As a global coagulation assay, it
takes into account the initiation, the propagation and the termination phase of the
coagulation providing additional information, notably on the prothrombin (PT)
G20210A mutation, antithrombin and protein S deficiencies or FVIII levels (Duchemin
et al., 2008; Lavigne-Lissalde et al., 2010; Marco et al., 2012). In 2005, this blood
coagulation test was recommended by the European Medicines Agency (EMA) for
the evaluation of APCR during the development of steroid contraceptive agents in
women (European Medicines Agency, 2005). However, a major limitation of this
technique was its lack of standardization, which hampered study-to-study
comparison (Dargaud et al., 2012; Perrin et al., 2015). Hence, our group recently
proposed a standardized methodology that met all the regulatory requirements in
terms of analytical performances. As described in Part 1.1, the ETP-based APCR assay
was validated on the Calibrated Automated Thrombogram (CAT) device using
commercially available reagents to ensure batch-to-batch traceability, recovery and
reproducibility of the method over time (Douxfils, Morimont, Delvigne, et al., 2020).
The transfer of this methodology to different laboratories is a next step for the wide
implementation of this promising test in the routine laboratory setting.

The aim of this study was to demonstrate the robustness of the method through an
evaluation of the interlaboratory transferability, ensuring that any laboratory
implementing the method obtains similar results in its environment compared to
those obtained by the originating laboratory. To this end, the ETP-based APCR assay
was implemented in 2 different laboratories and results were compared to those
obtained by the reference laboratory.
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MATERIAL AND METHOD
ETP-based APCR assay

The ETP-based APCR assay was performed as described in Part I.1. and illustrated in
the Memento. Briefly, the activator reagent (STG® ThromboScreen -TM) (TS)
contains a mixture of phospholipids (PLs) (*4uM) and tissue factor (TF) (x5pM) to
initiate coagulation through the extrinsic pathway in the tested plasma. The addition
of exogenous APC (Enzyme Research Laboratories, Swansea, UK) to this reagent
enhances the APC — protein S anticoagulant complex in the tested plasma. The
resulting effect is a reduction of the ETP (corresponding to the area under the curve)
in comparison with non-APC condition. The quantity of APC to introduce in the test
is defined per APC/TS batch and targets a decrease of 90% of the ETP of a reference
plasma.

The ETP values measured with TS (-APC) and TS (+APC) are then used to compute the
percentage of inhibition of the ETP (inhibition %) (Equation 3), and the normalized
APC sensitivity ratio (nAPCsr) (Equation 2). The obtained ratio stands between 0 and
10 and the higher the nAPCsr, the more resistant the donor is to APC.

Reference plasma

As already explained in Part I.1, the use of a reference plasma is dedicated to the
normalization of thrombin generation test (TGT) parameters. It also determines the
quantity of APC to introduce in the test, to obtain 90% of ETP inhibition. In our study,
we used 2 different reference plasmas: an in-house healthy pooled plasma (HPP) and
a commercially available reference plasma (STG-RefPlasma TS). The pros and cons of
using one or the other have been discussed in the method validation.

Quality controls

Three levels of quality controls (QC) were used to validate each experiment. These
are the same as those used for the validation, i.e., QC low (STG-QualiTest Low TS),
QC intermediate (STG-QualiTest Norm TS) and QC high (STG QualiTest High TS).
Acceptability ranges of these controls are based on 10 consecutive runs and are
defined as the mean + 2*standard deviations (SD). These acceptability ranges were
defined for each batch by the originating unit. However, as the residual ETP of QC
low in presence of APC is usually zero, this results in 100% inhibition and thus no
range for this QC level can be determined. If this QC level is slightly below 100%
inhibition, but the other QC levels and the reference plasma are within their
acceptability ranges, the run is validated.
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Method transferability

The transferability of the methodology was investigated at the department of
pharmacy of the University of Namur (Namur, Belgium) (named receiving unit 1) and
at the haematology laboratory of Centre Hospitalier Universitaire (CHU) Estaing
(Clermont-Ferrand, France) (named receiving unit 2). The originating unit, i.e.,
QUALIblood sa (Namur, Belgium) was responsible for providing the analytical
procedures, reagents, and samples to the receiving laboratories. One operator at
each site, already familiar with TGT, has been trained remotely before the transfer.

The transferability assessment was performed in 3 steps (Figure 1.2.1): “Wthe
determination of the APC concentration at each site, @the assessment of the
method precision, ®'the assessment of the interlaboratory variability.

Determination of
APC concentration

Receiving unit 1

E UNIVERSITE

Method precision
(intra- and inter-run
reproducibility)

Receiving unit 1

E UNIVERSITE

Interlaboratory variability -

60 plasma samples
analysed at each site

Receiving unit 1

E UNIVERSITE

DE NAMUR DE NAMUR DE NAMUR
Receiving unit 2 Receiving unit 2 Receiving unit 2
w CLERMONT-FERRAND w CLERMONT-FERRAND w CLERMONT-FERRAND
Reference unit
O( O~
QUALIblood

Figure .2.1 | Study scheme for the transferability of the ETP-based APCR assay

Step 1: Determination of APC concentration

The first step consisted of defining the amount of exogenous APC to be added in the
TS reagent for the +APC condition. To this end, dose-response curves were
performed with 6 solutions of TS containing increasing concentrations of APC:
0.5ug/mL; 0.75ug/mL; 1.25ug/mL; 2. ug/mL; 2.75ug/mL and 3.5ug/mL. The chosen
APC concentration was the one leading to a target inhibition % of the commercial
reference plasma defined by the originating unit. For the receiving unit 1, the
targeted inhibition of the reference plasma (batch 202983) was 57.8% and for the
receiving unit 2, the targeted inhibition % of the reference plasma (batch 202984)
was 75.0%. To ensure this concentration was properly determined, an additional
verification step has been set up and dose-response curves were performed in
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parallel on the HPP. The inhibition % of the HPP should stand between 87.5% and
92.5%.

Step 2: Assessment of precision

After defining the right concentration of APC to introduce in the test, receiving units
had to be able to replicate with an acceptable level of performance the
methodology. To this end, the precision, i.e., the intra- and inter-run repeatability,
was assessed. The intra-run repeatability was assessed by analysing the 3 QC levels
and the reference plasma on the same plate, 5 times in duplicates. For the inter-run
repeatability, those plasmas were analysed in duplicate over 3 independent runs.
Results were expressed as inhibition % and the acceptance criteria were the same as
for the method validation, i.e., SD values lower than 10%.

Step 3: Assessment of the interlaboratory variability

This step consisted of investigating the variability in results of donor samples among
the originating unit and both receiving units. Sixty individual plasma samples were
analysed at each site. A comparison between 4 subgroups according to sex and the
use of hormonal contraception in women was performed as these parameters are
known to impact the resistance toward the APC. Results were expressed as nAPCsr
values.

Sample description
Healthy pooled plasma (HPP)

This pool was used to confirm that the chosen APC concentration, in both receiving
units, led to 90% +2.5% inhibition. This in-house HPP was composed of 20 healthy
individuals (10 men and 10 women not taking contraceptive agents). Exclusion
criteria were history of thrombotic and/or haemorrhagic events, treatment by
antiplatelets or anticoagulant medications or other drugs potentially affecting
platelets or coagulation, pregnancy, use of hormonal therapy (i.e., contraceptive or
hormone replacement therapy), and carrier of factor V Leiden (FVL) or prothrombin
(PT) G20210A mutations. The absence of FVL and PT G20210A mutations was
confirmed by a CE-IVD-approved technique (LaCAR MDx Technologies S.A., Liége,
Belgium). The mean age of the participants was 25 years (ranges, 18-56 years) and
the mean body mass index (BMI) was 22 kg.m™2 (ranges, 19-26 kg.m).

Individual plasma

To assess the interlaboratory variability, 60 healthy donors were recruited and
stratified in 4 groups of 15 individuals, namely men [mean age, 21 years; mean BMI,
22 kg.m2], women not using hormonal therapy [mean age, 21 years; mean BMI, 22
kg.m™?], women using 2" generation COCs (i.e., containing levonorgestrel as
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progestin) [mean age, 22 years; mean BMI, 23 kg.m?], and women using 3™
generation COCs (i.e., containing desogestrel or gestodene as progestin) [mean age,
23 years; mean BMI, 22 kg.m%]. The demographic characteristics (age and BMI) of
the four groups were well matched. Exclusion criteria were the same as the above-
mentioned except for the use of hormonal therapy.

Blood samples collection and plasma preparation

Biological samples were collected in accordance with the Declaration of Helsinki
after approval by the Ethical Committee of the Centre Hospitalier Universitaire
(CHU), Université Catholique de Louvain (UCL) Namur (Yvoir, Belgium) under the
approval number B03920096633. All the volunteers were recruited at the University
of Namur, Namur, Belgium. Written informed consent was obtained from each
donor. All samples were stored and managed by the Namur Biobank-eXchange (NAB-
X), the registered biobank from the University of Namur.

Blood was taken by venepuncture in the antecubital vein and collected into 0.109 M
sodium citrate tubes (9:1 v/v) (Vacuette Greiner) without corn trypsin inhibitor using
a 21-gauge needle (BD Vacutainer Eclipse). The first tube was always discarded. The
platelet poor plasma (PPP) was obtained from the supernatant fraction of blood
tubes after double centrifugation for 15 minutes at 2,500 x g at room temperature.
The first centrifugation was performed within 30 minutes after blood sampling.
Immediately after centrifugation, PPP were pooled for the constitution of the HPP or
aliquoted as individual plasmas. The aliquots were snap-frozen in liquid nitrogen
within 4 hours after the sampling and stored at <-70°C. Frozen plasma samples were
thawed in a water bath at 37°C for a maximum of 10 minutes and mixed gently just
before the experiment. All tests were performed within 4 hours after thawing.

Statistical analysis

Statistical analysis was performed using GraphPad version 9.0 (GraphPad Prism
Software, Inc.). Descriptive statistics were used to analyse the data. APC
concentrations were determined using non-linear regressions (one-phase
association — least square fit) with no constrain on the Y-axis. As the SD is stable
along the whole range of measurements, the intra- and inter-run repeatability was
expressed in terms of SD instead of the coefficient of variation (CV). A pairwise
multiple comparison Friedman test was performed to compare nAPCsr values from
each donor between units. Linear regressions and Spearman’s correlations were
used to assess the correlation between the originating unit versus receiving units.
Derived Bland-Altman analysis was performed by plotting differences (nAPCsr units
—mean nAPCsr) against mean nAPCsr. Differences were expressed in absolute values
as well as percentages of mean results. Within each subgroup, ordinary one-way
ANOVAs were performed to compare nAPCsr values between units. Finally, grouped
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analysis, including all nAPCsr values obtained at the three units, was performed to
compare subgroups with each other.

RESULTS
Determination of APC concentration

Dose-response curves of APC performed at both receiving units are shown in Figure
1.2.2.
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Figure 1.2.2 | Inhibition percentage of the ETP at various APC concentrations with the
healthy pooled plasma (HPP) and the commercial reference plasma (N=3).

The continuous lines represent the non-linear regressions obtained with HPP. The dotted lines
represent the non-linear regressions obtained with the commercial ref plasma. The red lines refer to
the receiving unit 1 and the blue lines refers to the receiving unit 2.

Coefficients of determination (R?) of individuals and mean non-linear regressions for
HPP and for reference plasma were 20.98 in both receiving units. The concentration
of APC leading to 57.8% inhibition (receiving unit 1) and 75.0% inhibition (receiving
unite 2) of the reference plasma was 1.21pug/mL and 1.14ug/mL respectively. These
concentrations led to an inhibition % of the HPP within the established ranges
[87.5%-92.5%], i.e., 90.1% inhibition at receiving unit 1 and 88.6% inhibition at
receiving unit 2.

Assessment of method precision

Intra-run and inter-run repeatability at both receiving units are shown in Table 1.2.1
and Table 1.2.2, respectively. In both units, SD values for each tested plasma (i.e., the
3 QC levels and the reference plasma) were within acceptance criteria (SD <10%). In
addition, values were within QC ranges defined by the originating unit except for QC
low, at the receiving unit 2, which was below 100% inhibition for 2 runs.
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Table 1.2.1 | Intra-run repeatability of the commercial reference plasma and QCs (i.e., QC low, QC intermediate and QC high) for each receiving unit.

S ' Receiving unit 1 Receiving unit 2
plasmas Duplicate Inhibition % Mean SD QC ranges Inhibition % Mean SD QC ranges
inhibition % inhibition %
Reference 1 79.1% 78.8% 0.4% [70%-82%]) 76.5% 75.3% 1.2% [67%-80%]
plasma 2 78.6% 73.4%
3 78.2% 752%
4 79.1% 75.0%
5 79.1% 76.2%
QC Low 1 100.0% 100.0% 0.0% [100%- 100.0% 100.0% 0.0% [100%-
2 100.0% 100%] 100.0% 100%]
3 100.0% 100.0%
4 100.0% 100.0%
5 100.0% 100.0%
QcC 1 39.8% 40.2% 0.7% [33%-44%]) 39.1% 37.7% 0.9% [24%-53%])
intermediate 40.4% 37.6%
3 41.1% 382%
4 39.3% 36.8%
5 40.3% 37.0%




Table 1.2.1 (continued) | Intra-run repeatability of the commercial reference plasma and QCs (i.e., QC low, QC intermediate and QC high) for each

receiving unit.
QcC high 1 2.9% 2.8% 0.7% [0%-17%] 2.9% 4.0% 1.5% [2%-13%]
2 2.2% 4.4%
3 2.4% 2.1%
4 4.0% 4.3%
5 2.6% 6.1%

Table 1.2.2 | Inter-run repeatability of the reference plasma and QCs (i.e., QC low, QC intermediate and QC high for each receiving unit).

Tested

Receiving unit 1

Receiving unit 2

Duplicate Inhibition  Mean Inhibition = Mean
plasmas % Inhibition % QC ranges % Inhibition % 7 R
Reference 1 78.8% 80.9% 1.9% [70%-82%) 75.2% 78.5% 1.2% [67%-80%]
plasma 2 81.5% 793%
3 82.4% 776%
Qc Low 1 100.0% 100.0% 0.0% [100%-100%] 100.0% 97.9% 1.9% [100%-100%]
2 100.0% 97.1%
3 100.0% 96.5%
ac 1 40.2% 42.8% 2.6% [33%-44%) 37.7% 39.6% 2.3% [24%-53%]
intermediate ) 42.9% 39.0%
3 45.4% C422%
Qc high 1 2.8% 5.0% 2.3% [0%-17%] 4.0% 6.0% 2.1% [2%-13%]
2 7.4% 8.1%
3 4.9% 6.0%
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Sixty samples were tested at each unit and compared to each other. However, one
sample could not be analysed at the receiving unit 2 due to insufficient volume. A
nonparametric Friedman test was performed and revealed no statistically significant
differences between units (P>.05). The Spearman correlation depicted in Figure
1.2.3, showed a significant effective pairing between nAPCsr values from each
receiving unit and nAPCsr values from the originating unit. The correlation
coefficients (rs) were 0.99 (95% Cl, 0.9812 to 0.9935; P<.0001) and 0.99 (95%ClI,
0.9851 to 0.9949; P<.0001) for receiving unit 1 and receiving unit 2 respectively.
Linear regressions showed the following equations Y = 1.154x-0.2408 (R?=0.98) for
receiving unit 1 and Y = 0.9213x+0.08939 (R2=0.98) for receiving unit 2.

6.00—

== Receiving unit 1

y =1.154 x - 0.2408

Slope 95% IC: 1.108 to 1.201
r?:0.98

Spearman correlation (rs): 0.99
n=60

4.00—

2.00— —o— Receiving unit 2

nAPCsr [Receiving unit]

y =0.9213 x + 0.08939

Slope 95% IC: 0.8898 to 0.9528
r%:0.98

Spearman correlation (rs): 0.99
n=59

0.00-

I I
0.00 2.00 4.00 6.00
nAPCsr [Originating unit]

Figure 1.2.3 | Correlation between nAPCsr obtained at the receiving units and nAPCsr
obtained at the originating unit.

Differences (nAPCsr values from each laboratory — mean nAPCsr from the 3 units),
either expressed in absolute values or as percentages of the mean nAPCsr, were
plotted against the mean nAPCsr (Figure 1.2.4).

The average of the differences £95% confidence interval (Cl) for the originating unit
equalled 0.00+£0.22 in absolute values and 1.3% + 11.1% in percentages of the mean.
The average of the differences +95%Cl for the receiving unit 1 equalled 0.09 £0.48 in
absolute values and -0.5% +20.5% in percentages of the mean. The average of the
differences + 95%Cl for the receiving unit 2 equalled -0.09 +0.38 in absolute values
and -0.8% +16.8% in percentages of the mean. The 95 percent limits of agreement
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of differences, when gathering the three laboratories, equalled 0.40 in absolute
values and 16.5% in percentages of the mean.
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Figure 1.2.4 | Derived Bland-Altman analysis between nAPCsr values from each unit and
the mean nAPCsr of the three units for the measurement of APC resistance in plasma
samples. Differences (nAPCsr unit - mean nAPCsr) are expressed in (A) absolute values or
(B) as a percentage of the mean.

. nAPCsr unit—mean nAPCsr
Results expressed in percent are computed as follows:

* 100. The originating

mean nAPCsr
unit appears in green, the receiving unit 1 in red and the receiving unit 2 in blue.
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Comparisons between each unit within the 4 subgroups, i.e., women not using COC,
men, women using 2" generation COCs and women using 3™ generation COCs are
shown in Table 1.2.3 and Figure 1.2.5. Holm-Sidak’s multiple comparison tests
revealed no significant difference between the 3 laboratories within the 4 subgroups
(P>.05). On the other hand, the Tukey’s multiple comparisons test showed significant
differences between each subgroup (P<.0001 except for comparison between
women using 2" versus 3™ generation COC, in which p-value equalled .0008).

Table 1.2.3 | Mean nAPCsr values * SD of each subgroup obtained at the different units
and mean nAPCsr value of each subgroup, regardless of the laboratory unit.

nAPCsr +SD
Originating Receiving unit Receiving unit Mean + SD
unit 1 2
W ithout COC
(nfl":;" withou 1.1940.42 1.07 £0.38 1.20 £0.40 1.15 $0.40
Men (n=15) 0.49 +0.47 0.39 +0.49 0.51+0.41 0.46 +0.45
Women using 2
+ + + +
€OCs (n=15)’ 2.87 +0.86 3.02+1.09 2.86 +0.79 2.92 +0.90
Women using 314
+ + + +
€OCs (n=15) 3.3910.70 3.71+0.94 3.17 £0.68 3.42 +0.80
* n=14 for receiving unit 2
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Figure 1.2.5 | nAPCsr values of individuals from each subgroup obtained at the different
units.

Data obtained at the originating unit figure in green, data obtained at the receiving unit 1 figure in
red and data obtained at the receiving unit 2 figure in blue. Means * standard deviations (SD) are
represented. Holm-Sidak’s multiple comparison tests were performed to assess the difference
between units within each subgroup. Differences between subgroups were assessed by a Tukey’s
multiple comparison test. Only significant results are shown. P-value format is characterized as
follows: * = P <0.05; ** = P <0.01; *** = P <0.001; **** = P <0.0001). The gray dotted line represents
the upper limit of reference ranges and equals 2.08.
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DISCUSSION

The aim of this study was to implement the ETP-based APCR assay in different
laboratories and to assess the interlaboratory variability. Data showed that this test,
when performed at different facilities, provides reproducible and sensitive results
(e.g., depending on hormonal status of women), building an additional step for its
implementation in clinical routine.

The critical step, in this study, was the determination of APC concentration. The
amount of exogenous APC added into the TS reagent plays a major role in the
sensitivity of the test and must be defined at each batch change of APC and/or TS
reagent. Indeed, the activity of APC differs from one production to another, as well
as TS reagent and the associated reference plasma and quality controls (part of the
same commercial kit, STG-ThromboScreen®). For instance, the commercial
reference plasma [batch 202983] was more APC-resistant compared to the reference
plasma [batch 202984] and the targeted inhibition % of the reference plasma
equivalent to 90% inhibition of HPP were 57.8% and 75.0%, respectively. In addition,
as the reagent TS +APC is not yet ready to use and still requires the spiking of APC
into the TS reagent, an inter-operator variability is non-negligible, especially, as the
operators of both external units undergone a distance training, based on the
documentation provided by the reference laboratory. The different APC
concentrations, i.e., 1.21 pug/mL at receiving unit 1 and 1.14 pg/mL at receiving unit
2, did not seem to impact final results. Indeed, inhibition % of QC levels and the
reference plasma, among the receiving units, were within the acceptability ranges
defined by the originating unit except for QC low at the receiving unit 2, which was
slightly below 100% inhibition compared to the reference unit. As there is no proper
range for this control based on our calculation method for the definition of the
acceptance range, we accepted these QC values as all other levels of controls were
adequate.

Regarding the precision, the within- and between-run variability showed maximal SD
of 1.5% and 2.6% respectively, well below the maximal tolerable limit of 10%. These
results are in line with those obtained at the reference laboratory (during the
validation of the methodology), in which a same degree of precision of the assay was
obtained, irrespective of the inhibition level (Part 1.1).

Finally, to evaluate the interlaboratory variability, results of donors’ samples were
compared in nAPCsr values rather than inhibition %. As previously mentioned, the
nAPCsr is normalized to the reference plasma, the latter being measured at each run,
which allows reducing the interlaboratory variability (Douxfils, Morimont, Delvigne,
et al., 2020). As expected, Spearman correlations between nAPCsr values obtained
at the receiving units versus at the originating unit showed excellent coefficients of
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0.98. Based on linear regressions, the receiving unit 1 tended to provide higher
nAPCsr values compared to the originating unit with a slope of 1.15, denoting a 15%
upward systematic deviation. On the other hand, the receiving unit 2 tended to give
lower nAPCsr values compared to the originating unit with a slope of 0.92
corresponding to a downward systematic deviation of 8%. The derived Bland &
Altman analysis was performed to compare differences of nAPCsr values from each
laboratory and the mean nAPCsr values from the 3 units. The average difference of
nAPCsr for each laboratory compared to the mean of the 3 units was very close to
zero. In addition, compared to the mean, 95% of nAPCsr values obtained in each
laboratory did not differ by more than 0.4 units in absolute values or 16.5% in
percent. These results demonstrate the low variability among the three units.
Furthermore, subgroup analysis confirmed that the chosen APC concentration in
each laboratory, allowed differentiating between men and women not taking
hormonal therapy and women using hormonal contraception. Indeed, the reference
range based on 47 individuals (men and women not taking hormonal contraception)
established during the validation was between 0 and 2.08 (Douxfils, Morimont,
Delvigne, et al.,, 2020). Regardless of the laboratory, mean nAPCsr for women
without COC and men’s groups were below 2.08 and above 2.08 for women using
2" and 3 generation COCs. In addition, no statistically significant differences
between the 3 laboratories for each subgroup were observed which means that the
methodology remains reproducible, regardless of the measurement range. Finally,
pooled data maintained the expected differences between subgroup’s, i.e.,
significant differences between healthy individuals, either men or women not taking
COC and women using COCs.

LIMITATIONS AND PERSPECTIVES

One limitation of our study concerns the restricted number of laboratories included
due to an insufficient number of aliquots for each sample. However, the between
laboratory reproducibility of the method was excellent, despite the remote training
of operators (i.e., instead of on-site training). From a technical point of view, there
are also several limitations including the turnaround time and the absence of ready-
to-use reagents. Indeed, the assay is time-consuming due to reagent preparation,
stabilization time, and manual filling of the plate. Furthermore, additional
experiments are required at each batch change to define APC concentration and to
determine QC ranges. As a perspective, it is therefore of importance to consider the
implementation of this assay on a routine clinical equipment and the manufacturing
of ready-to-use triggering reagent with APC to throw off these technical restrictions.
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CONCLUSION

This study is the first reporting the interlaboratory variability of the validated ETP-
based APCR assay. Data revealed excellent intra-laboratory precision and
interlaboratory reproducibility. These results support the concept that the nAPCsr,
obtained with a validated and standardized methodology, provides an appropriate
sensitivity irrespective of the laboratory in which the analysis is performed. This
suggests that the nAPCsr could become a promising regulatory and clinical tool to
identify the thrombogenicity of COC. Considering its screening potential, the next
step is therefore to implement the ETP-based APCR assay in clinical routine.

65






Implementation on an automated platform

Research and Practice in Thrombosis and Haemostasis. 2022; 6(3)

1.3 - ANALYTICAL PERFORMANCES OF THE ETP-BASED APC RESISTANCE
ASSAY ON THE AUTOMATED ST GENESIA SYSTEM

Laure Morimont, Charline Leclercq, Marie Didembourg, Emilie De Gottal,

Audrey Carlo, Ulysse Gaspard, Jean-Michel Dogné, Jonathan Douxfils

SUMMARY

Background: The evaluation of activated protein C (APC) resistance based on the
endogenous thrombin potential (ETP) is recommended during the development of
steroid contraceptives in women. In 2019, this assay was validated on the Calibrated
Automated Thrombogram (CAT) device. However, in view of its screening potential,
its automation is essential.

Aims: To transfer the ETP-based APC resistance (APCR) assay on the ST Genesia
system using reagent STG-ThromboScreen -TM with exogenous APC added.

Method: Dose-response curves were performed to define APC concentration leading
to 90% ETP inhibition on healthy donors. Intra- and inter-run reproducibility was
assessed. The normal range was defined based on 56 samples from healthy
individuals. The sensitivity was assessed on 40 samples from women using combined
oral contraceptives (COCs). A comparison of the method with the validated ETP-
based APCR on the CAT system was performed. Results were expressed in
normalized APC sensitivity ratio (nAPCsr).

Results: The APC concentration leading to 90% ETP inhibition was 652 mU/mL. Intra-
and inter-run reproducibility showed standard deviation below 4%. The nAPCsr
normal range stood between 0.00 and 2.20. Analyses of 40 samples from women
using COCs confirmed the good sensitivity of the assay. Compared to the CAT system,
nAPCsr data were slightly higher on the automated system.

Conclusion: This study is the first reporting the analytical performances of the ETP-
based APCR assay on an automated platform. Results support the concept that this
test, when performed into clinical routine, could become a promising regulatory and
clinical tool to document on the thrombogenicity of female hormonal therapies.
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BACKGROUND

Throughout the course of their lifetime, women are exposed to hormonal changes,
thus modulating the risk of venous thromboembolic events (VTE). These hormonal
changes are either endogenous, as during pregnancy and in the postpartum period
or due to the intake of exogenous hormones, as with the use of combined hormonal
contraceptives (CHCs) or menopausal replacement therapies (MRTs) during early
menopause.

As already discussed, numerous studies have assessed the impact of CHCs and MRT
on haemostasis and shown that a poor response to the activated protein C (APC)
could explain, at least in part, the procoagulant state observed in women using
hormonal therapies, e.g., CHCs or MRTs (Henkens et al., 1995; Olivieri et al., 1995;
Osterud et al., 1994; Rosing et al., 1997). In 2005, the European Medicines Agency
(EMA) recommended the evaluation of APC resistance (APCR) during the
development of steroid contraceptive agents in women (European Medicines
Agency, 2005). Initially, the main purpose of APCR testing was to detect the presence
of a FV Leiden (FVL) mutation (Kadauke et al., 2014). The original test proposed a
ratio between a baseline activated partial thromboplastin time (aPTT) and the aPTT
after exogenous APC has been added. However, many interferences on the aPTT
assay could falsely lead to APCR. Consequently, over the years, this coagulation test
evolved with the aim of making it less or even not sensitive to interferences, e.g., the
use of CHCs (Kadauke et al., 2014). Nowadays, the measurement of APCR in women
on hormonal therapies should thus rely on the endogenous thrombin potential
(ETP)-based APCR assay (Curvers et al., 1999; de Visser et al., 2005). This test was
developed more than 20 years ago by Nicolaes et al. (Nicolaes et al., 1997) but due
to the lack of standardization and harmonization, results were laboratory-dependent
hampering study-to-study comparison (Dargaud et al., 2012; Perrin et al., 2015). In
2019, in the light of its potential as a global biomarker of thrombogenicity, our group
proposed a standardized methodology to perform the assay, that met all the
regulatory requirements in terms of analytical performances (Part I.1). The ETP-
based APCR assay was validated on the Calibrated Automated Thrombogram™ (CAT)
device using commercially available reagents to ensure batch-to-batch traceability,
recovery and reproducibility of the method over time (Douxfils, Morimont, Delvigne,
et al., 2020). Recently, the inter-laboratory variability study supported the concept
that the ETP-based APCR, performed with our validated and standardized
methodology, provides an adequate sensitivity and an excellent inter-laboratory
reproducibility (Part 1.2). Nevertheless, the CAT mostly remains a research platform
and the implementation of the ETP-based APCR on an automated analyser is of
paramount importance to have this innovative biomarker available for the clinicians
in their daily practice.
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The aim of this study was to implement the ETP-based APCR assay on the automated
thrombin generation instrument, the ST Genesia system. This instrument offers the
capacity to continuously load patient samples for unitary testing which highly
facilitates its use in clinical routine (Douxfils et al., 2019).

MATERIAL AND METHOD
General procedure of the ETP-based APCR assay

The ETP-based APCR assay has been extensively described in section 1.1 and is
illustrated in the Memento.

Transferability of the ETP-based APCR assay on the ST Genesia
system

The transferability, as described in Figure 1.3.1, was performed as follows:
Wdetermination of the APC concentration to achieve 90% of ETP inhibition of the
HPP, Passessment of the method precision, ®'definition of acceptance ranges for the
reference plasma (STG-RefPlasma TS) and quality controls (STG-QualiTest Norm TS
and STG-QualiTest High TS), “computation of the nAPCsr correction factor,
Bldefinition of the normal range and assessment of the sensitivity towards different
oral contraceptive therapies and ®’comparison of the methods between the CAT and
the ST Genesia system.

Determination of the APC concentration

The first step consisted of defining the amount of exogenous APC to be added in the
TS reagent for the +APC condition. To this end, dose-response curves were
performed using the in-house reference plasma, i.e., the HPP, and 2 different
batches of TS (batch Nr 202983 and Nr 202984). To constitute the HPP, 20 healthy
volunteers (10 men and 10 women not taking hormonal therapy) were enrolled and
displayed the following characteristics: a mean age of 25 years (ranges, 18-56 years)
and a mean body mass index (BMI) of 22 kg.m2 (ranges, 19-26 kg.m2). Five solutions
of TS containing increasing concentrations of APC, i.e., 200 mU/mL; 400 mU/mL; 600
mU/mL; 700 mU/mL and 1034 mU/mL (final concentration in the reagent) were
prepared to generate dose-response curves; all concentrations being derived from
the APC labelled activity titre provided by the manufacturer. The concentration
leading to 90% of ETP inhibition of the HPP was, then, interpolated for both batches
of TS. Analyses were performed in triplicates on each batch of TS. It was then
validated by analysing the HPP, 5 times within a same run, with both batches of TS
in presence of the determined adequate APC concentration. The mean ETP inhibition
percentage of the HPP obtained with each batch of TS had to stand between 87.5%
and 92.5%.

69



Part1.3

Determination of APC
concentration

Method precision
(intra- and inter-run
reproducibility)

Acceptance ranges
for quality controls

nAPCsr correction
factor

Normal range and
sensitivity towards
COCs

Method comparison

Reagent: STG-ThromboScreen - TM batch
202984 and 202983

Tested plasma:Healthy pooled plasma
constituted of 20 healthy individuals (10
males and 10 females not taking COC)

Reagent: STG-ThromboScreen - TM batch
202984

Tested plasmas: STG-RefPlasma TS,
STG-QualiTest Norm TS and
STG-QualiTest High TS

Reagent: STG-ThromboScreen - TM batch
202984

Tested plasmas: STG-RefPlasma TS,
STG-QualiTest Norm TS and STG-QualiTest
High TS

Reagent: STG-ThromboScreen - TM batch
202984

Tested plasmas: STG-RefPlasma TS and
healthy pooled plasma (same as step 1)

Reagent: STG-ThromboScreen - TM batch
202984

Tested plasmas:

- To define the normal range: 56 samples
from healthy individuals (32 males and 24
females not using COC)

- To assess the sensitivity towards COCs:
40 samples from women taking hormonal
therapies

Reagent: STG-ThromboScreen - TM batch
202984

Tested plasmas: 60 samples (14 males and
46 females)

Figure 1.3.1 | Flowchart of the transferability of the ETP based APCR assay on the ST

Genesia system.

Assessment of the method precision

Intra- and inter-run reproducibility was assessed on 3 samples: the STG-RefPlasma
TS, the STG-QualiTest Norm TS and the STG-QualiTest High TS. The third level of
quality control (STG-QualiTest Low TS) included in the commercial kit was not
analysed as its thrombin generation was completely inhibited in presence of APC.

The intra-run reproducibility was assessed by performing 5 individual measurements
of the 3 above-mentioned plasmas, within the same run. For the inter-run
reproducibility, those plasmas were analysed over 10 independent runs. Results

70



Implementation on an automated platform

were expressed as ETP inhibition percentages and acceptance criteria were the same
as for the method validation on the CAT system, i.e., standard deviation (SD) values
lower than 10% (Part 1.1). For this performance and subsequent steps, only one
batch of STG-ThromboScreen was used (batch Nr 202984).

Definition of acceptance ranges of the commercial reference
plasma and quality controls

Acceptance ranges have been defined as previously. For quality controls (i.e., STG-
QualiTest Norm TS and STG-QualiTest High TS), ranges were computed as the mean
ETP inhibition percentage (of 10 independent runs) + 2*SD and 3*SD to follow
Westgard rules. On the other hand, for the commercial reference plasma, the
acceptance range was defined as the ETP inhibition percentage that corresponded
to 87.5% and to 92.5% of ETP inhibition of the in-house HPP. This narrow acceptance
range was defined to ensure a ratio close to 0.1 at the denominator, when computing
the nAPCsr, to limit the nAPCsr score up to 10.

Determination of the nAPCsr correction factor

To compute nAPCsr values of plasma samples, the correction factor was determined
based on the 10 runs of the commercial reference plasma performed during the
inter-run reproducibility and on the 5 runs of the HPP performed during the APC
concentration validation.

Definition of the normal range and assessment of the sensitivity
towards different oral contraceptive therapies

To define the normal range, 56 samples from healthy individuals (32 men and 24
women not using hormonal therapy) were analysed. The mean age of participants
was 23 years (ranges, 18-56 years) and the mean BMI was 23 kg.m (ranges, 17-32
kg.m2). Results were expressed in nAPCsr values. The lower and upper limit of the
normal range corresponded to the 10-90%" percentile of nAPCsr values.

To assess the sensitivity of the test in a subset of real-life samples, 40 healthy young
women taking hormonal therapies were recruited and stratified in 3 subgroups,
namely users of 2" generation COCs (i.e. containing 20 or 30 pg of ethinylestradiol
(EE) with 100 or 150 pg of levonorgestrel) [n=18; mean age, 21 years; mean BMI, 22
kg.m™], users of 3™ generation COCs (i.e. containing 20 or 30 ug of EE with 150 pg of
desogestrel or 75 pg of gestodene) [n=13; mean age, 22 years; mean BMI, 22 kg.m’
2] and users of the so-called “other” COCs (i.e. containing 20, 30 or 35 ug of EE with
3 mg of drospirenone, 2 mg of cyproterone acetate or 2 mg of dienogest) [n=9; mean
age, 21 years; mean BMI, 21 kg.m2]. The demographic characteristics (age and BMI)
of the 3 groups were well matched. Comparisons between healthy individuals (men
and women separated) and the 3 subgroups according to the use of hormonal
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therapies were performed. Results were expressed as nAPCsr values and ETP values
(for the latter, in absence and presence of APC).

Comparison between the CAT system and the ST Genesia system

Sixty samples from individuals (14 men and 46 women) were analysed with the
validated assay on the CAT system and on the ST Genesia system. The mean age of
participants was 21 years (ranges, 18-30 years) and the mean BMI was 22 kg.m™
(ranges, 17-31 kg.m™). To cover a wide range of nAPCsr values, of the 46 women, 13
were not using any contraception, 33 were on various hormonal contraceptives and
finally, one participant was carrying a heterozygous FVL mutation and another one,
a heterozygous prothrombin (PT) G20210A mutation. The comparison between both

platforms was performed using nAPCsr results.
Blood samples collection and plasma preparation

All the volunteers included in this study were recruited at the University of Namur,
Belgium. Biological samples were collected in accordance with the Declaration of
Helsinki after approval by the Ethical Committee of the Centre Hospitalier
Universitaire (CHU), Université Catholique de Louvain (UCL) Namur (Yvoir, Belgium)
under the approval number B03920096633. Written informed consent was obtained
from each donor. Exclusion criteria were history of thrombotic and/or haemorrhagic
events, treatment by antiplatelets or anticoagulant medications or other drugs
potentially affecting platelets or coagulation, pregnancy, use of hormonal therapy
(only for the recruitment of healthy volunteers and for the constitution of the HPP),
and carriers of FVL or PT G20210A mutations (except for the comparison between
platforms). The absence/presence of FVL and PT G20210A mutations were identified
by a CE-IVD-approved technique (LaCAR MDx Technologies S.A., Liege, Belgium). All
samples were stored and managed by the Namur Biobank-eXchange (NAB-X), the
registered biobank from the University of Namur.

Regarding sampling procedures, refer to the “blood sample collection and plasma
preparation” in Part 1.2.

Statistical analyses

Statistical analyses were performed using GraphPad Prism version 9.0.0 for MacOs
(GraphPad Software, San Diego, California, USA, www.graphpad.com). Descriptive
statistics were used to analyse the data. The APC concentration was determined
using non-linear regressions (one-phase association — least square fit) with no
constrain on the Y-axis. As the SD is stable along the whole range of measurements,
intra- and inter-run reproducibility was expressed in terms of SD instead of the
coefficient of variation (CV). To compare subgroups with each other, ordinary one-
way ANOVAs with Tukey’s multiple comparison tests were performed. A Wilcoxon
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matched-pairs signed rank test was performed to compare nAPCsr values on the ST
Genesia versus the CAT system. A linear regression and a Spearman correlation were
used to assess the correlation between the CAT system versus the ST Genesia
system. A derived Bland-Altman analysis was performed by plotting nAPCsr
differences (CAT — ST Genesia) against nAPCsr values obtained on the CAT system,
considered as the gold standard. Within each subgroup, paired t-tests (or Wilcoxon
matched-pairs signed rank tests) were performed to compare nAPCsr values
between platforms. Finally, a two-way ANOVA with multiple comparison tests was
performed to compare subgroups with each other.

RESULTS
Determination of APC concentration

Dose-response curves of APC, performed on two different batches of TS, are shown
in Figure 1.3.2. Coefficients of determination R? of individual non-linear regressions

were 20.98 with both batches of TS. The concentration of APC leading to 90% of ETP

inhibition on both batches of TS was the same, i.e., 652 mU/mL. The intra-run
reproducibility of the HPP tested using this APC concentration revealed a mean ETP
inhibition percentage (+SD) of 91.3% (+4.8%) and 90.9% (+2.7%) on batch Nr 202984
and Nr 202983, respectively.

652 mUmL Dose-response curves

[591 mU/mL-723 mU/mL] performed with batch 202983

k are represented in blue and
those performed with batch
202984 are represented in red.
The dark gray horizontal line
and the light gray area on either
side of the line represent the
targeted inhibition percentage
[lower-upper limit of
acceptance], i.e., 90% [87.5%-
92.5%]. The dark gray vertical
line and the light gray area on
either side of the line
i / correspond to the APC
i concentration leading to 90% of

@ Lot202983 AT
b R2=09939 LETP inhibition [upper-lower

4 90.0%
J1675%-92.5%]

Inhibition % of ETP

40 - © Lot202084 limit of acceptance], ie., 652
R?=09999 mU/mL [591 mU/mL -723
B o o o e e e e e mU/mL].

200 400 600 800 1000
[APC] mU/mL

Figure 1.3.2 | Mean inhibition percentages of the ETP of a healthy pooled plasma (HPP),
atvarious concentrations of APC on two different batches of STG-ThromboScreen -TM (Nr
202983 and Nr 202984).
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Thrombin generation curves of HPP, in absence and in presence of 652 mU/mL of
APC, with both batches of TS, are shown in Figure 1.3.3.

200 i The blue curves were
generated with TS batch
202983 and the red curves
with batch 202984. The
continuous lines represent

150 - the mean of the five
Py T duplicates and the dotted
= b lines represent the 95%
£ 1 confidence interval (95%IC).
c 1 Areas in absence of pattern
S 100 - represent the -APC condition
£ E and areas with the fill gray
2 - pattern represent the +APC
£ i condition.
h -
50
T — 202983
i 202984
0 = T T T T 1
0 30

Time (min)

Figure 1.3.3 | Thrombin generation curves of a healthy pooled plasma (HPP), in absence
and in presence of APC [652 mU/mL] with two different batches of STG-ThromboScreen
-TM.

Method precision: intra- and inter-run reproducibility

Intra-run and inter-run reproducibility are shown in Table 1.3.1. Standard deviation
values for each tested plasma (i.e., STG-QualiTest Norm TS, STG-QualiTest High TS
and STG-RefPlasma TS) were within acceptance criteria, i.e., SD < 10%.

Table 1.3.1 | Intra-run and inter-run reproducibility of STG-RefPlasma TS, STG-QualiTest
Norm TS and STG-QualiTest High TS.
Intra-run reproducibility
Tested plasma Replicate inhilfi-: il:)n % im‘ielfi:iszr"%» SD%
74.2%
74.0%
73.2% 73.5% 1.0%
74.2%
71.9%
36.5%
38.0%
37.2% 38.5% 2.0%
41.6%
39.2%

STG-RefPlasma
TS

STG-QualiTest
Norm TS

NH WINPT IWIN|F
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Table 1.3.1 (continued) | Intra-run and inter-run reproducibility of STG-RefPlasma TS,
STG-QualiTest Norm TS and STG-QualiTest High TS

STG-QualiTest
High TS

1 11.2%
2 6.8%
3 7.8%
4 9.7%
5 8.3%

Inter-run reproducibility

8.7%

1.7%

Tested plasma

Replicate

ETP
inhibition %

Mean ETP
inhibition %

SD%

STG-RefPlasma
TS

80.5%

73.4%

74.8%

76.4%

68.7%

75.8%

75.1%

77.8%

OO (N[O |D|W|IN (-

72.7%

=
o

70.0%

74.5%

3.5%

STG-QualiTest
Norm TS

42.3%

38.9%

38.7%

32.4%

33.3%

39.6%

40.5%

39.6%

OO (NN |W|IN (K

38.7%

=
o

32.7%

37.7%

3.5%

STG-QualiTest
High TS

8.1%

8.1%

10.4%

11.1%

10.7%

10.0%

9.1%

11.9%

OO |IN([O(N|D|W|IN (-

9.6%

=
o

12.0%

10.1%

1.4%

Acceptance ranges of the commercial reference plasma and quality

controls

Acceptance ranges for the reference plasma and the two levels of quality control are

shown in Figure 1.3.4. The following Westgard rules were applied to monitor the run

performances throughout the entire study: i) warning if one measurement exceeded

2*SD for one quality control (1) and ii) rejection if one measurement exceeded
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3*SD for one quality control (13s) or outside the acceptance range for the reference
plasma. As depicted, no analysis was rejected throughout the course of the study.
Nonetheless, on run 3, ETP inhibition percentages of STG-QualiTest Norm TS and
STG-Quialitest High TS exceeded 2*SD but stood within the mean3*SD.
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Figure 1.3.4 | Quality controls (i.e.,, STG QualiTest Norm TS and QualiTest High TS) and
reference plasma (i.e., STG-RefPlasma TS) follow-up.

The acceptance range for the STG-RefPlasma TS (blue dotted lines) stood from 66% to 80% of ETP
inhibition. Acceptance ranges for STG QualiTest Norm TS (green dotted lines), corresponding to the
mean * 2*SD and the mean * 3*SD, equalled [31%-45%] and [27%-48%] respectively. Acceptance
ranges for STG QualiTest High TS (red dotted lines), corresponding to the mean * 2*SD and the mean
+ 3*SD, equalled [7%-13%] and [6%-14%] respectively.

Computation of the nAPCsr correction factor

The correction factor, which corresponded to the nAPCsr of the commercial
reference plasma (issued from STG-ThromboScreen kit batch Nr 202984), using the
HPP as the reference plasma, equalled 2.45. This correction factor was applied to
compute the nAPCsr of all plasma samples, as described in Equation 9.

Equation 9

Sample ETP (+APC)/
Sample ETP (—APC)

Adjusted nAPCST = s7e—rorplasmats ETP (F4PC) /
STG—RefPlasma TS ETP (—APC)

x F (2.45)
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Normal ranges and sensitivity towards different oral contraceptive
therapies

In the normal range study involving 56 healthy individuals, the mean nAPCsr was
1.03 [SD, 0.82; 95%Cl of the mean, 0.82-1.25). The 10-90% percentile, chosen as the
lower and upper limit for the normal range, equalled 0.00 and 2.20. When the gender
was considered, men were significantly less resistant to APC than women with a
mean nAPCsr of 0.69 and 1.49 respectively. Among the different COC-user groups,
mean nAPCsr values (+SD) equalled 3.61 (+1.04) for 2" generation COC users; 3.83
(+1.03) for 3™ generation COC users and 5.54 (+0.73) for the so-called “other” COC
users. Tukey’s multiple comparison tests showed significant differences between
each subgroup except for women using 2" and 3™ generation COCs (P>.05) (Figure
1.3.5).
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Figure 1.3.5 | nAPCsr values of individuals from each subgroup, i.e., men (in blue), women
not using hormonal contraception (in purple), women using 2nd generation COCs (in red),
women using 3rd generation COCs (in orange) and women using the so-called “other”
COCs (in green)

Individual’s values and means * SDs for each subgroup are represented. Differences between
subgroups were assessed by an ANOVA with Tukey’s multiple comparison tests. Threshold for
significance was set at 0.05.
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Regarding the ETP-parameter, values from individuals and means +SDs in absence
and presence of APC of each subgroup are shown in Table 1.3.2 and Figure 1.3.6. In
the absence of APC, no significant difference was observed between men and
women not using COC, as well as among women using COCs (P>.05). Differences
between healthy individuals (men and women not using COC) and women using
COCs (regardless of the therapy) were significant. In presence of APC, the trends
remained similar, excepted between women using 2" generation COCs and women
using “other” COCs, for which the difference was significant (P=.0004) (Figure 1.3.6).
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Figure 1.3.6 |ETP values, in absence (upper graph) and in presence (lower graph) of
exogenous APC of individuals from each subgroup, i.e.,, men (in blue), women not using
hormonal contraception (in purple), women using 2nd generation COCs (in red), women
using 3rd generation COCs (in orange) and women using the so-called “other” COCs (in
green).
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Table 1.3.2 | Mean ETP values +SD of the different subgroups in absence and in presence
of APC in the ThromboScreen -TM reagent.

ETP (-APC) +SD ETP (+APC) +SD
(nM*min) (nM*min)
Men (n=32) 1080 +190 87 +91
Women w/o COC (n=24) 1123 +201 176 £101
Women using 2G COCs (n=18) 1565 +£182 592 +236
Women using 3G COCs (n=13) 1644 £185 692 +224
Women using “other” COCs (n=9) 1578 £152 866 +142

Comparison between the CAT and the ST Genesia system

To compare results obtained on the CAT system and the ST Genesia system, 60
plasma samples were analysed on both platforms. The Spearman correlation
depicted in Figure 1.3.7 showed a significant effective pairing between both
platforms. The correlation coefficient (Rs) was 0.9608 (95% Cl, 0.9341 to 0.9769;
P<.0001). Linear regression showed the following equation Y =0.9529 x + 0.2013 (R?
= 0.90). When nAPCsr differences (CAT system — ST Genesia system) were plotted
against nAPCsr values from the CAT system (considered as the reference method as
present study assesses its transferability), the mean difference between both
platforms equalled -0.1 (95% Cl, -1.3% to 1.1%) (Figure 1.3.8).

10 y=0.9529 x + 0.2013
Slope 95% IC: 0.8702 to 1.035
1 [*o09
Spearman correlation (rs): 0.96
8- n=60

nAPCsr from ST Genesia system

0 ~jioor T T T T T T T T 1
0 2 4 6 8 10
nAPCsr from CAT system

Figure 1.3.7 | Correlation between nAPCsr values obtained on the ST Genesia system and
on the validated platform, the CAT system.
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95% upper percent limit of agreement = 1.1

Mean difference =-0.1

nAPCsr differences (CAT - Genesia)

95% lower percent limit of agreement = -1 3
-2
-3
4
T T T T T T T T T T |
0 2 4 6 8 10

nAPCsr from CAT system

Figure 1.3.8 | Derived Bland-Altman analysis between nAPCsr values obtained on the ST
Genesia system and on the CAT system.

nAPCsr differences (CAT - ST Genesia) are expressed in absolute values. The mean difference (red
continuous lines) £95%CI [=1.96*SD) (blue dotted lines) equalled -0.1 +1.2.

Comparisons between the CAT system and the ST Genesia system within subgroups
(i.e., men, women not using COC, women using 2" generation, 3™ generation or
“other” COCs) are shown in Figure 1.3.9.

As there was only one individual carrier of a PT G20210A mutation and another one
carrier of a FVL mutation, no comparison with these groups was performed.
Nevertheless, results were similar between the two systems, with nAPCsr values of
2.8 on the CAT versus 3.1 on the ST Genesia system for the PT G20210A mutation,
and 4.3 on the CAT versus 4.2 on the ST Genesia system for FVL mutation.

Paired t-tests did not reveal any significant difference between the two systems
within men, women not using COCs, women using 2"¢ and women using 3"
generation COCs (P>.05). As for women using “other COCs”, size sample was too
small. A Wilcoxon paired-t test was therefore performed, and no significant
difference was observed between platforms (P>.05). On the other hand, the two-
way ANOVA with multiple comparison tests showed significant differences between
subgroups except for comparison between women using 2" generation and 3™
generation COCs (P=.1412), and between women using 3" generation and “other”
COCs (P=.2337).
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Figure 1.3.9 | nAPCsr values of individuals from each subgroup, on both systems, i.e., the
CAT system (triangle pattern) and the ST Genesia system (circle pattern)

Individual’s values and means * SDs for each subgroup are represented. Differences between
systems within each subgroup were assessed using paired t-tests except for subgroup “women using
other COCs, for which a Wilcoxon matched-pairs signed rank test was performed. On the other hand,
differences between subgroups were assessed using a two-way ANOVA with multiple comparison
tests. Threshold for significance was set at 0.05.

DiSCUSSION

This is the first study evaluating the analytical performances of the ETP-based APCR
assay on the ST Genesia system, an automated thrombin generation instrument for
the routine setting (Douxfils et al., 2019). To date, the CAT system is probably one of
the most used thrombin generation techniques in research laboratories but the use
of microtiter plates, the manual placing of the reagent and the sample into the wells,
have prevented its introduction into the routine practice (Tripodi, 2016).
Nevertheless, as the ETP-based APCR could be a potential candidate as a biomarker
of thrombogenicity in women on hormonal therapy or during pregnancy (Brenner,
2004; Cumming et al., 1995; Tchaikovski et al., 2011), it is crucial to facilitate its use
in clinical routine and automation is the first stage for this.

The first step, which consisted of determining the concentration of APC to be added
into the TS for the APC positive condition, was critical. Indeed, the source of the
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exogenous APC differed from the one used with the validated methodology on the
CAT system (Part I.1). Pre-tests therefore had to be performed to evaluate the
inhibition capacities of the exogenous APC and to determine APC concentrations to
perform dose/response curves. We decided to perform these dose/response curves
with two different batches of STG-ThromboScreen -TM to assess the inter-batch
variability of this reagent in presence of exogenous APC. Results showed that the
chosen APC concentration of 652 mU/mL fitted for both batches (Figure 1.3.2), as it
led to 90.9% of ETP inhibition of the HPP with batch Nr 202983 and 91.3% with batch
Nr 202984.

Regarding the method precision, the within- and between-run reproducibility
showed maximal SD of 2.0% and 3.5% respectively, well below the maximal tolerable
limit of 10%. In addition, SDs were similar on the entire range of measurements
demonstrating a same precision of the assay, irrespective of the level of inhibition of
the sample. Compared to the application on the CAT system, these results are highly
satisfactory as maximal SD obtained with the validated methodology were 3.0% and
7.0% for the intra- and inter-run reproducibility respectively (Part 1.1).

The daily management of the two quality control levels and the reference plasma
provided acceptable results (Figure 1.3.4). Their ETP inhibition levels were within the
acceptance range among the 18 experiments performed throughout the study,
except run 3, for which two QC levels stood between the mean + 2*SD and +3*SD.

The correction factor corresponding to the nAPCsr of the reference plasma equalled
2.45, indicating resistance towards the APC. As already mentioned, this may be
related to the manufacturing process, e.g., the addition of excipients and the
lyophilized form of the plasma. Indeed, it has already been reported that freeze-
dried plasma has higher thrombin generation capacity than frozen plasma resulting
from multiple preanalytical reasons and this was also observed regarding the
sensitivity towards added protein C (Dargaud et al., 2010; Morimont, Bouvy, et al.,
2020; Rodgers et al., 2014).

The analysis of 56 samples from healthy donors had two main objectives: first, to
validate the correction factor of the commercial reference plasma, used for the
computation of the nAPCsr. Second, to provide grounds for the definition of a normal
range. The mean nAPCsr, i.e., 1.03, demonstrated that the correction factor for the
commercial reference plasma was appropriate as a nAPCsr value close to 1
corresponds to an ETP inhibition % close to 90%, considered as the reference value
for a healthy population. The nAPCsr normal range of 0.00 to 2.20 is also very close
to the range previously defined on the CAT system corresponding to 0.00 to 2.08.
This similar range indicates that the test, when performed on the ST Genesia system,
gives comparable results to the CAT system in a population of healthy individuals.
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Concerning the sensitivity, the assay was able to discriminate healthy subjects from
women treated with COCs (i.e., 2" generation, 3™ generation and the so-called
“other” COCs). Of the healthy donors, we expected to observe a significant
difference between men and women. Furthermore, women using COCs (i.e., 2", 3",
or “other” groups) were significantly more resistant to APC, compared to both, men
and women not using hormonal contraception. On the other hand, due to the low
recruitment in the 3 COC subgroups, no significant difference was shown between
2" and 3" generation COCs (Figure 1.3.5).

The final step of this transferability was the comparison between the two systems,
i.e., the CAT system versus the ST Genesia system. Based on the linear regression
and the derived Bland-Altman analysis, the ETP-based APCR assay, when performed
on the automated platform, tended to give slightly higher nAPCsr values compared
to the CAT system. Certainly, the ST Genesia system derived from the CAT principle
but is not strictly equivalent (Giesen et al., 2021; Talon et al., 2020). The same
fluorogenic substrate for thrombin is used on both systems but the calibration used
to obtain thrombin concentration from the fluorescent signal is different: on the ST
Genesia, thrombin generation is computed in comparison to a daily calibration curve
obtained with a fixed amount of human purified thrombin (STG-ThrombiCal) in
buffer solution in presence of the substrate Z-Gly-Gly-Arg-AMC and calcium (STG-
FluoStart) (Giesen et al., 2021). The thrombin-mediated substrate cleavage leads to
a fluorescent increase (AMC) which is measured every 15 seconds at 377 nm
(excitation) - 450 nm (emission) wavelengths, which differs slightly from the CAT
system sets to 390 nm (excitation)- 460 nm (emission) wavelengths (Giesen et al.,
2021). Once the calibration passed, plasma samples are run individually, in duplicate.
A known amount of AMC (STG-FluoSet) is added to each individual plasma sample
for adjusting the calibration curve by correcting the plasma colour and rectifying the
inner filter effect. The TG parameters are automatically calculated on both systems,
but algorithms are instrument-specific which can therefore lead to differences in the
results (Roullet et al., 2019; Talon et al., 2020).

LIMITATION AND PERSPECTIVES

This pilot study presented some limitations among which the absence of ready-to-
use reagents. Indeed, the reagent TS + APC required the spiking of the APC into the
TS reagent, which play a role in the inter-run variability. Moreover, it requires to
redefine the APC concentration leading to 90% of ETP inhibition of HPP at each batch
change of APC and/or STG-ThromboScreen kit. Indeed, the correction factor for the
STG-RefPlasma TS will have to be computed again as well as acceptance ranges for
quality controls. As a perspective, it is therefore of importance to consider the
manufacturing of a kit like the STG ThromboScreen, thus containing a ready-to-use
triggering reagent with APC, a reference plasma along with a correction factor for
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the nAPCsr and the appropriate quality control levels. A second limitation was the
low recruitment rate among women using hormonal therapies. Indeed, because of
the small sample size, women were stratified by COC generation, whereas it is well
documented that the risk of VTE differs within a COC generation depending on the
dose of ethinylestradiol and the nature of the progestin (Morimont, Dogné, et al.,
2020). One perspective is obviously to actively collaborate with hospitals to describe
APCR of each COC according to its composition and no longer based on the so-called
“generation” classification. It would also be relevant to consider the extent to which
thresholds could be established in each population (e.g., women using
ethinylestradiol 20pg with levonorgestrel 100ug) above which the thrombotic state
of the patient would be considered as abnormal.

CONCLUSION

This study is the first reporting the analytical performances of the validated ETP-
based APCR assay on the automated thrombin generation instrument, the ST
Genesia system. The data revealed excellent intra-run and inter-run reproducibility,
appropriate sensitivity towards hormonal therapies, and comparable results to those
obtained with the validated methodology on the CAT system. This supports the
concept that the nAPCsr, when performed into clinical routine, could become a
promising regulatory and clinical tool to document on the thrombogenicity of female
hormonal therapies and other coagulopathies interfering with the protein C system.
In views of its screening potential, a complete validation on the ST Genesia system
along with the manufacturing of ready-to-use triggering reagent with APC are
essential and deserves further investigations.
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SUMMARY

Activated protein C (APC) resistance (APCR) is considered as a risk factor of venous
thromboembolism (VTE). The most common genetic disorder conferring APCR is a
factor V Leiden (FVL) mutation, but many other factors are also implicated, such as
other F5 mutations (e.g., FV Hong Kong and FV Cambridge), protein S deficiency,
elevated factor VIII, exogenous hormone use, pregnancy and postpartum, depending
on how APCR is defined. Considering the large population affected, the detection of
this phenotype is crucial. Two types of tests are currently available: clotting time-
based assays (with several versions) and thrombin generation-based assays with the
endogenous thrombin potential (ETP)-based assay. The purpose of this review is
therefore to discuss the performances of these tests and in which cases it would be
appropriate to use one over the other. Initially, as APCR was thought to be solely
related to the FVL mutation, the objective was to obtain a 100% specific assay.
Clotting-time based assays were thus specifically designed to detect this inherited
condition. Later on, an APCR condition without a FVL mutation was identified and
highlighted as an independent risk factor of VTE. Therefore, the development of a
less specific assay was needed. A global coagulation test was therefore proposed,
known as the ETP-based APCR assay. In light of the above, these tests should not be
used for the same purpose. Clotting time-based assays should only be recommended
as a screening test for the detection of FV mutations prior to confirmation by genetic
testing. On the other hand, the ETP-based APCR assay, in addition to being able to
detect any type of APCR, could be proposed as a global screening test as it assesses
the entire coagulation process.
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INTRODUCTION

The complex formed by activated protein C (APC) and protein S plays a crucial role
in the endogenous anticoagulant pathway. This system provides an important
control over the blood coagulation cascade by inactivating activated factor V (FVa)
and activated factor VIII (FVIlla) (Dahlbadck, 2005; Dahlback et al., 2005). The
activation of protein C takes place on the surface of endothelial cells and involves
thrombin, thrombomodulin (TM) and the endothelial protein C receptor (EPCR)
(Figure 1.4.1).(Esmon, 2003) Thrombin promotes fibrin formation as well as platelet
and endothelial cell activation but it also plays a role in the anticoagulant pathway
by binding to TM to promote the activation of protein C. The EPCR then further
amplifies the activation of protein C (Esmon, 2003). When APC is generated, it
remains bound to the EPCR for a short time before associating with protein S on the
surface of platelets or endothelium whereon it inhibits coagulation by degrading FVa
and FVllla through proteolytic cleavage (Van de Wouwer et al.,, 2004). The
proteolysis by APC occurs at amino acids position 306, 506 and 679 in FVa and 336,
562 and 740 in FVllla (Castoldi et al., 2004). Nevertheless, the cleavage of FVllla is
not only carried out by the APC-protein S complex but also requires the inactivated
form of FV as a cofactor (Dahlbéack et al., 2005). This pathway plays a key role in
controlling coagulation and its disruption can easily unbalance homeostasis, causing
a hypercoagulable state associated with an increased risk of thrombosis (Tans et al.,
2003)
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Figure 1.4.1 | Protein C - protein S anticoagulant pathway
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Functional defects in the protein C pathway, due to inherited or acquired conditions,
define a plasma phenotype known as APC resistance (APCR), and is considered as a
risk factor of venous thromboembolism (VTE) (Castoldi et al., 2004; de Visser et al.,
1999; Rodeghiero et al., 1999; Tans et al., 2003). The most common genetic
condition conferring APCR is the FV R506Q, better known as FV Leiden (FVL)
mutation. A transition (guanine to adenine) at nucleotide 1691 in the gene coding
for factor V results in the replacement of arginine (R) at position 506 by glutamine
(Q). This substitution makes the 506 position less sensitive to proteolysis by the
complex formed by APC with protein S. This slows the inactivation rate of FVa by 10-
fold, resulting in an increased thrombin generation and a hypercoagulable state
(Cramer et al., 2010; Dahlback, 1997; Khan et al., 2006; Kujovich, 2011). This genetic
risk factor for VTE is found in 20% of patients with a first VTE event and in 50% of
familial thrombosis (Kujovich, 2011). Heterozygosity for FVL occurs in 3-8% of the
general US and European population, while homozygosity occurs at a frequency of
about 0.02% (Hotoleanu, 2017; Khor et al., 2009). Compared to healthy individuals,
the risk of first VTE event is 3-fold higher in heterozygous carriers whereas it may
reach a relative risk (RR) of 30 to 80 in homozygous carriers (Germain et al., 2015;
Hotoleanu, 2017).

Other less frequent mutations on the F5 gene have also been identified and are FV
Cambridge, FV Hong Kong, FV Bonn, FV Nara, FV Besangon, and FV Liverpool
(Bernardi, 2016; Castoldi et al., 2021; Norstrom et al., 2002; Pezeshkpoor et al.,
2016). FV Cambridge and FV Hong Kong affect the Arg306-cleavage site of FV.
Arginine is replaced with threonine in FV Cambridge and with glycine in FV Hong
Kong. Although FV Cambridge mutation is uncommon, the prevalence of FV Hong
Kong is about 4% in Chinese population (Dahlback, 2004). Nevertheless, as the
anticoagulant APC-cofactor activity of FV is essentially related to the 506-cleavage
site rather than the 306-cleavage site, these mutations cause a moderate APCR and
the increased risk of thrombosis associated with these 2 mutations remains unclear
(Dahlback, 2004; Norstrom et al., 2002). Additional missense mutations such as the
FV Besancon (Ala2986Asp), FV Liverpool (lle358Thr), FV Nara (Trp1948Arg) or FV
Bonn (Ala512Val) mutations had also been associated with an increased risk of
thrombosis as they seemed to impact either FV levels or the anticoagulant activity
of inactivated FV, therefore hampering the inactivation of FVllla (Castoldi et al.,
2021; Nogami et al., 2014; Pezeshkpoor et al., 2016; Steen et al., 2004). Finally, the
FV HR2 haplotype, characterized by multiple linked missense or silent mutations is
associated with a slight decrease in circulating FV levels due to an impaired secretion
of FV. The increased risk of thrombosis associated with this condition is ambiguous
but combined with a heterozygous FVL mutation, the degree of APCR is similar to
that observed in homozygous FVL carriers, hence characterized as pseudo-
homozygous APCR (Aleksova et al., 2015; Bernardi et al., 1997; de Visser et al., 2000).
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As protein S and FVIII are also part of this regulatory pathway, protein S deficiency
or high FVIII levels could lead to an APCR phenotype. Hereditary protein S deficiency
is a relatively rare disorder with a prevalence of 0.03-0.13% in the general population
(although more frequent in Japan and China) but the associated RR of VTE was
estimated between 5.0 and 11.5 compared to wild-type individuals (Hotoleanu,
2017; ten Kate et al., 2008). Regarding high FVIII levels (>150 1U/dl), a risk ratio of
VTE of 4.8 was determined compared to normal individuals (FVIII levels<100 1U/dl)
(Jenkins et al., 2012; Yap et al., 2015).

In addition, the hormonal status of women is also a condition which confers
resistance to APC. Pregnancy and postpartum periods, as well as administration of
exogenous hormones, such as combined hormonal contraceptives (CHCs) or
menopausal replacement therapies (MRTs) during menopause, expose women to
hormonal changes, and are also associated with an increased risk of VTE. Indeed,
compared to non-pregnant nonusers, a 5-fold increased risk of VTE is reported
during pregnancy, and depending on the estroprogestative association, the RR varies
between 1.3 and 5.6 in women using CHCs or MRTs (de Bastos et al., 2014; Dinger et
al., 2016; Heit et al., 2005; Jick et al., 1995; Lidegaard et al., 2009; Rovinski et al.,
2018; Spitzer et al., 1996; van Hylckama Vlieg et al., 2009).

Pregnancy and the use of CHCs or MRTs cause changes in plasma levels of almost all
proteins involved in coagulation and fibrinolysis (Douxfils, Morimont, & Bouvy,
2020). These changes might be considered as relatively modest when measured
separately but they could have a supra-additive effect leading to a procoagulable
state responsible for this increased risk of VTE (Morimont, Haguet, et al., 2021).
Overall, rises in coagulation factors Il, V, VII, VIII, IX, X, XI, XIl and von Willebrand
factor (VWF), as well as fibrinogen levels are observed. On the other hand,
antithrombin, free protein S and tissue factor pathway inhibitor (TFPI) levels, 3
proteins contributing to the anticoagulant system, are decreased (Bonnar, 1987;
Meade et al., 1977; Stadel, 1981; Wessler et al., 1976). As for fibrinolysis, there is an
increase in plasminogen levels but a decrease in tissue plasminogen activator
antigens and plasminogen activator inhibitor-1 levels (Douxfils, Morimont, & Bouvy,
2020). These hormonal changes, both during pregnancy and following the use of
hormonal therapy, are also associated with APCR (Brenner, 2004; Morimont, Haguet,
et al.,, 2021). This phenomenon has been first described in 1995 by Henkens et
al.(Henkens et al., 1995) and Olivieri et al.(Olivieri et al., 1995) and is now largely
documented. Afterwards, APCR became an important biomarker to evaluate the
increased risk of VTE associated with CHCs, leading, in 2005, to the Committee for
Medicinal Products for Human Use (CHMP) of the European Medicines Agency (EMA)
stating that APCR should be investigated during the development of new steroid
contraceptives in women (European Medicines Agency, 2005).
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Given the countless number of people with APCR whether acquired or inherited, its
detection is of great interest. Over the years, numerous assays have been developed
and some of them might have the potential to be used as a screening tool with the
aim to identify a hypercoagulable state, yet without determining the underlying
cause. The purpose of this review is therefore to discuss the performances of these
tests and in which cases it would be appropriate to use one over the other.

LABORATORY TESTING FOR APC RESISTANCE
Clotting time-based assay

The original assay for screening APCR was described by Dahlbdick et al. in 1993 and
consisted of an activated partial thromboplastin time (aPTT)-based method to
determine the sensitivity of a patient’s plasma after the addition of exogenous APC
(Dahlback et al., 1993). The aPTT assay is based on the principle that in citrated
plasma, the addition of phospholipids (PLs), activator of FXII (e.g., micronized silica
or ellagic acid) and calcium chloride triggers the formation of a stable clot. The time
between activation and clot formation is recorded in seconds and represents the
aPTT (Roshal et al., 2019).

When exogenous APC is added, the aPTT is prolonged, but in plasma from patients
with APCR, this prolongation is less pronounced (Dahlback et al., 1993). Indeed, in
case of a FVL mutation, the anticoagulant APC-protein S pathway is less effective,
resulting in a shorter clotting time compared to a normal plasma in the presence of
exogenous APC. Results are usually expressed as a ratio between the aPTT (+APC)
and the aPTT (-APC). Values >2.0 are expected in normal populations while a FVL
mutation typically gives a ratio <2.0. Nevertheless, each laboratory must verify its
own cut-off since it may differ according to the kit used, as recently reported in
several external quality control surveys (Dean et al., 2020; "External quality Control
for Assays and Tests With a focus on Thrombosis and Haemostasis. Thrombophilia -
Il: APC Resistance (without FV deficient plasma) - Survey 2021-M1 (A). Version 2.0.0.
14 June 2021," ; Kadauke et al., 2014). Results may also be reported as normalized
ratio, which is the ratio of the patient’s APC ratio divided by the ratio of a normal
pooled plasma (NPP) run on the same day; however, normalization against NPP does
not improve the diagnostic performance, and unknown FV status in the donor
population affects the accuracy (Tripodi et al., 1998). These external quality control
surveys reported important discrepancies between the different kits on the market
but also within a particular kit, revealing that improvements have to be done for the
proper screening of FVL-induced APCR (Dahlback et al., 1993; Dean et al., 2020;
"External quality Control for Assays and Tests With a focus on Thrombosis and
Haemostasis. Thrombophilia - 1l: APC Resistance (without FV deficient plasma) -
Survey 2021-M1 (A). Version 2.0.0. 14 June 2021,"). In addition, other FV mutations,
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e.g., FV Hong Kong and Cambridge, may lead to intermediate APCR ratios compared
to wild-type FV and FVL (Norstrom et al., 2002).

The very first aPTT-based APCR assay was subject to multiple variables, hampering
the interpretation of the result. Anticoagulant drugs (e.g., vitamin K antagonists,
heparins, direct FXa inhibitors and direct thrombin inhibitors) and factor deficiencies
tended to falsely increase the APC ratio while protein S deficiency, lupus
anticoagulant, pregnancy and hormonal therapy (e.g., MRTs, CHCs) tended to
decrease it, leading to acquired APCR (Moore et al., 2019). To avoid these
interferences and focus on the detection of FVL, modifications were implemented
such as the dilution of the patient plasma with FV deficient plasma to become
insensitive to abnormal levels of coagulation factors other than FV and the addition
of a heparin neutralizer (e.g., polybrene). The normalization against NPP was also
suggested to reduce intra- and inter-assay variability (Kadauke et al., 2014). Other
alternative methods trigger the coagulation cascade directly through the activation
of FX, by using either snake venom from Crotalus viridis helleri or from Russel Viper
Venom (RVV-X, a snake venom extracted from Daboia russelii) or through the
activation of FV by using RVV-V (also from Daboia russelii) plus Noscarin, a FV-
dependent prothrombin activator extracted from Notechis scutatus scutatus
(Moore, 2022). This latter assay is sometimes referred to as a prothrombin-based
APCR assay (Gessoni et al., 2007; Schoni et al., 2007; Wilmer et al., 2004), and it does
not require the presence of calcium ions and PLs therefore allowing to eliminate the
influence of lupus anticoagulant (Wilmer et al., 2004). Beside these snake venom-
based assays, the FXa-based assay is a test for which the patient’s plasma is diluted
in a proprietary reagent containing Fll, fibrinogen, protein S and APC. Purified FXa,
PLs and calcium are then added to initiate the coagulation (Jilma-Stohlawetz et al.,
2021; Kadauke et al., 2014; Moore et al., 2019). In parallel, a calibration curve
derived from dilutions of heterozygous FVL plasma pool converts clotting times to
percentages. The prolongation of the clotting time is an inverse relationship to the
FVL concentration present in the tested specimen. Normal FV presence does not
affect this test.

The expected value in a FVL heterozygote stands between 25% and 75% and for a
homozygous, it is above 75% (Jilma-Stohlawetz et al., 2021; Kadauke et al., 2014;
Moore et al., 2019).

The activation pathways and clotting mixtures of these clotting-time based assays
are shown in Figure 1.4.2 and the commercially available kits are listed in Table 1.4.1.
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Table 1.4.1| Commercially available clotting time-based assays for APCR evaluation

Assay name Commercial kit Laboratory
HemosIL™ Factor V Leiden (APC™
. Werfen
Resistance V)
Chromogenix Coatest™ APC™
aPTT-based assay . Werfen
Resistance
Chromogenix Coatest™ APC™
. Werfen
Resistance —V
RVV-X-based assay ProC® Ac R Assay Siemens
Crotalus viridis helleri-FXa
STA®-Staclot® APCR Stago
based assay
Pefakit® -APC-R Factor Leiden Pentafarm
RVV-V plus Noscarin
Acticlot® Protein C resistance Sekisui
HYPHEN
FX-based assay HemoClot™ Quanti-V Leiden .
BioMed

These modified assays have been developed to detect the phenotype associated
with a FVL mutation specifically, although other FV mutations may lead to APCR as
well, and which may be variably identified in APCR assays, depending on assay
sensitivities and the assay cut-offs used (Norstrom et al., 2002). Compared to genetic
analysis using polymerase chain reaction technology, these functional tests are much
less expensive and present a shorter turnaround time. Furthermore, as these
clotting-time based assays show a sensitivity and a specificity of almost 100% for the
detection of FVL mutation, it could make sense to abstain from genetic testing
(Wilmer et al., 2004). However, their high specificity may be considered as a
limitation as they may not be able to detect any resistance to APC, induced by either
intrinsic or extrinsic factors (e.g., elevated FVIII levels, protein S deficiency,
pregnancy and postpartum, or even the use of CHC and MRT), or other F5 mutations
(Castoldi et al., 2010; de Visser et al., 2000; de Visser et al., 2005; Graf et al., 2003)

For this reason, Nicolaes et al. developed in 1997 a new method to assess APCR
resistance based on a global coagulation test instead of clotting time-based assay,
known as the endogenous thrombin potential (ETP)-based APCR assay (Nicolaes et
al., 1997).

Thrombin generation-based assay

The ETP-based APCR assay was developed to assess acquired APCR in pregnant
women, women taking oral CHCs or MRTs, and in subjects with protein S deficiency,
or carrying either a FVL or a prothrombin (PT) G20210A mutation (Curvers,
Thomassen, et al., 2002).
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This test is a variant of the thrombin generation assay, a global coagulation test
enabling a continuous overview of clotting compared to the standard coagulation
assays like aPTT, which retrieves only a clotting time result and represent ~5% of
thrombin generation. The ETP-based APCR assay is based on the measurement of
thrombin generation in presence and in absence of a defined amount of exogenous
APC (Douxfils, Morimont, Delvigne, et al., 2020). The activation of coagulation occurs
via the extrinsic pathway, following the addition of PLs, tissue factor (TF) and calcium
(Figure 1.4.2). In the absence of APC, the resulting thrombin generation curve reflects
all the pro- and anticoagulant reactions that regulate both thrombin formation and
inhibition. In the presence of APC, thrombin generation is significantly decreased in
a normal plasma sample (i.e., ¥90%). The endpoint of the test, which is the total
amount of thrombin that has been generated over time, is quantitated by the ETP
which corresponds to the area under the thrombin generation curve (Figure 1.4.3).
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Figure 1.4.3 | Thrombin generation curves in absence (continuous lines) and in presence
of APC (dotted lines) of healthy donors (blue), of a woman carrier of a heterozygous FVL
mutation (pink) and of women using COC containing either EE with levonorgestrel
(orange), with desogestrel (yellow) or with drospirenone (green).

The amount of APC introduced in the test, to obtain a good sensitivity and to limit
the inherent variability of the assay, targets a decrease of 90% of the ETP of a healthy
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pooled plasma, i.e., a pool of plasma composed of men and women of childbearing
age not using a hormonal contraceptive therapy. In other words, the ETP retrieved
in presence of APC, represents only 10% of the baseline ETP (in the absence of APC)
(Douxfils, Morimont, Delvigne, et al., 2020).

Results are expressed as a ratio, the normalized APC sensitivity ratio (nAPCsr),
computed as the ratio of the ETP measured in presence and absence of APC in the
tested plasma divided by the same ratio obtained from the reference plasma (e.g., a
healthy pooled plasma) (Equation 2). As the denominator value is close to 0.1, this
allows obtaining a scale ranging from 0 to 10. Importantly, conversely to the aPTT-
based assay, the higher the nAPCsr, the more resistant the patient is to APC.

The test was initially performed on a thrombin generation system based on the
cleavage of a chromogenic substrate specific for thrombin (Nicolaes et al., 1997).
Because of technical and methodological difficulties limiting this technique
(Tchaikovski et al., 2007) and because of the technological advance brought by the
Calibrated Automated Thrombogram (CAT) developed by Hemker et al. in the early
2000s (Hemker et al., 2003), the ETP-based APCR assay was adjusted on a
fluorometric technique (Brugge et al., 2006; Tchaikovski et al., 2007). However, the
inherent limitations of the CAT system, such as the lack of standardization of the
reagents, the absence of quality controls and reference plasma and the batch-to-
batch variation, were also applicable for this assay (Dargaud et al., 2010; Dargaud et
al., 2007; Loeffen et al., 2012; Perrin et al., 2015). Indeed, besides the differences
imposed by a chromogenic or a fluorogenic assay, with the use of defibrinated
plasma or platelet-poor plasma (PPP), respectively, differences in the source and
concentration of TF, APC and PL vesicles, led to different sensitivities of the assays
toward the APCR (Morimont, Bouvy, et al., 2020; Morimont, Haguet, et al., 2021).
This hampered study-to-study comparisons which in fine impeded the proper
evaluation of APCR induced by hormonal therapies or the evaluation of
prothrombotic states. For this reason, this test has long been put aside.

In 2019, we proposed a standardized methodology that met all the standard
requirements imposed on clinical biology laboratory tests in terms of analytical
performances (i.e., Food and Drug Administration (FDA) “Guidance for Industry:
Bioanalytical Method Validation”(Food and Drug Administration, 2018) and
International Council for Harmonization (ICH) Q2 (R1) “Validation of Analytical
Procedures: Text and Methodology”(European Medicines Agency, 1995)). The ETP-
based APCR was validated on the CAT device using commercially available reagents
to ensure batch-to-bath traceability, recovery and reproducibility of the method
over time (Douxfils, Morimont, Delvigne, et al., 2020). This enabled the reduction of
inter-laboratory variability and allowed lab-to-lab and study-to-study comparison
and evaluation (Morimont, Didembourg, et al., 2021). Ultimately, this validation
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provides pharmaceutical industries, regulatory bodies and physicians with a
reproducible sensitive and validated assay that could be proposed as a gold standard
for the assessment of all types of APCR.

This test, being performed in standardized conditions, quantifies the degree of APCR
through the nAPCsr scale ranging from 0 to 10. As shown in Figure 1.4.3 , APCR,
characterized by a higher thrombin generation curve in presence of APC, is observed
in carriers of a FVL mutation as well as in women using CHCs. Besides, significant
differences can be observed depending on oestrogen-progestin associations (e.g.,
levonorgestrel-containing products versus desogestrel- or drospirenone- containing
products). In addition, the presence of both FVL mutation and CHC leads to a supra-
additive effect which is reflected by higher nAPCsr values compared to CHC use or
FVL mutation alone (Figure 1.4.4).
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Figure 1.4.4 | Assessment of APCR of healthy individuals (n=12), carrier of heterozygous
FVL mutation(n=5) and women using COC (n=9), using (A) the aPTT-based (with
predilution) or (B) the ETP-based APCR assays. Gray areas on both graphs represent
normal ranges.

However, this test has some limitations. As well as the aPTT-based APCR assay, the
ETP-based assay is sensitive to anticoagulants. The addition of polybrene in the
triggering reagent allows neutralizing heparin in plasma samples, which allows
restoring thrombin generation in presence of concentrations of unfractionated
heparin and low molecular weight heparin (e.g., enoxaparin) up to 1.0 and 1.2 IlU/mL
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respectively (Hardy et al., 2021). Nonetheless, this has not yet been investigated in
the presence of exogenous APC and deserves further investigations. Regarding the
use of direct oral anticoagulants (DOACs), there are three commercially available
DOAC removing agents: DOAC Stop™, DOAC Remove™ and DP-Filter™. However,
these charcoal-based agents showed a slight procoagulant effect on thrombin
generation at the medium TF concentration used in the ETP-based APCR assay.
Indeed, in the absence of anticoagulants, they induced a higher peak, a higher mean
velocity rate index and a lower time-to-peak compared to a non-treated plasma and
this impact had been associated with a decrease in TFPI levels of plasma samples
(Kopatz et al., 2018; Monteyne et al., 2020). As a result, diminished TFPI levels could
impact the ETP-based APCR assay as this physiological anticoagulant protein plays an
important role (de Visser et al., 2005). Indeed, TFPI inhibits FXa and subsequently TF
and FVlla by forming an inactive FXa-TFPI-TF-FVIla quaternary complex. If TFPI levels
decrease, FXa levels increase, therefore protecting FVa from inactivation by APC and
reducing sensitivity for APC (de Visser et al., 2005).

According to the communication from the Scientific and Standardization Committee
(SSC) of the International Society on Thrombosis and Haemostasis (ISTH), a current
barrier to its use, which could be eliminated in the future, is the unavailability of this
technique in clinical routine (Moore et al., 2019). Indeed, the validated methodology
has recently been transferred on an automated thrombin generation platform, the
ST Genesia system. Data revealed good reproducibility (standard deviations of 2.0%
and 3.5% for within- and between-run reproducibility respectively), appropriate
sensitivity towards hormonal therapies (significant differences between healthy
individuals and women using various CHCs), and comparable results to those
obtained with the validated methodology on the CAT system (Spearman correlation
coefficient [95% confidence interval] of 0.9608 [95% Cl, 0.9341 to 0.9769], based on
60 plasma samples) (Morimont, Leclercq, et al., 2022).

IN PRACTICE WHEN SHOULD THESE TESTS BE USED?

APCR testing is not indicated in unselected patients presenting with VTE and even
less for the prevention of thrombotic events. Indeed, the evaluation of APCR is only
recommended for situations in which the test result may give an indication of the
recurrence risk or influence the anticoagulant treatment. Typically, it concerns
patients suffering from VTE before the age of 40 and patients who are from apparent
thrombosis-prone families (>2 other symptomatic family members) (Baglin et al.,
2010).

As the FVL mutation is more common than acquired APCR and other F5 mutations,
the current recommendations call in first place, the use of clotting-time based assays
with plasma predilution (Moore et al., 2019). However, APCR without FVL mutation
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represents an independent risk factor of VTE (de Visser et al., 1999; Rodeghiero et
al., 1999), so there is a value in having a less specific assay, able to detect any APCR
phenotype. The ETP-based APCR assay is capable of doing so, which makes it less
specific and therefore not able to identify the underlying cause of APCR.

Thus, both test types certainly assess APCR, but they should not be used for the same
purpose. Moreover, inconsistent results, as shown in Figure 1.4.4, are typically
observed between these two assays. Clotting time-based assays should only be
recommended as a substitute of genetic testing for FVL mutation and not for the
evaluation of APCR during, for example, the development of steroid contraceptives
in  women, although it is mentioned in the EMA guidelines
(EMEA/CPMP/EWP/519/98 Rev.1) (European Medicines Agency, 2005). In contrast,
the ETP-based APCR assay has demonstrated, for over 20 years, its ability to detect
any APCR phenotype, and especially, those associated with female hormonal
changes, although it was not validated nor standardized until recently (Douxfils,
Morimont, Delvigne, et al., 2020). This test not only detects the presence of acquired
APCR but it also correlates with the relative risk of VTE associated with the different
CHCs formulations available on the market (Morimont, Dogné, et al., 2020). Despite
the fact that CHCs are used by over 150 million women worldwide (United Nations,
2019) no clear risk minimization strategy to manage the risk of VTE has been
implemented. Overall, the absolute risk of VTE remains low (i.e., 5 to 12 for 10,000
women a year). However, given the large number of CHC users, 22,000 thrombosis
related to CHC use would occur each year in Europe (McDaid et al., 2017). The
worldwide use of MRT is certainly lower, but the annual incidence is higher with 3 to
4 cases of VTE per 1,000 women (Curb et al., 2006; Cushman et al., 2004; Rovinski et
al., 2018).

As the field of personalized medicines is currently expanding, a biomarker capable
of reflecting the “coagulability status” of individuals would be of great interest.
Indeed, VTE is a multifactorial disease whose occurrence depends on the interaction
between gene defects and environmental factors (Cosmi et al., 2003). As a result,
exposure to high-risk situations such as surgery, trauma, immobilization, pregnancy,
or hormonal therapy may trigger a thrombotic event in individuals either in the
absence or presence of genetic mutations. This suggests that the evaluation of
thrombophilia should be based on phenotypic expression rather than only focusing
on genotypic expression.

The ETP-based APCR assay, reflecting all the pro- and anticoagulant reactions might
be a potential candidate. Indeed, the typical information obtained by thrombin
generation investigation (i.e., without exogenous APC added) is available, providing
much more information than the APCR itself. As it enables a more global assessment
of coagulation process, this assay is also sensitive towards other factors of
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thrombogenicity like the PT G20210A mutation, antithrombin and protein S
deficiencies or high FVIII levels (Duchemin et al., 2008; Lavigne-Lissalde et al., 2010;
Marco et al., 2012; Szlam et al., 2011).

A method able to assess the entire coagulation process is valuable, as this can better
reflect bleeding and thrombotic risks as compared to clotting time-based assays.
Indeed, the endpoint of clotting-time based assays occurs after the formation of only
5% of total thrombin, which means that recorded clotting times only correspond to
the initiation phase of the coagulation process (Duarte et al., 2017).

CONCLUSION

A global screening test could be the key to detect prothrombotic phenotypes
associated with an increased risk of VTE. The ETP-based APCR assay, by considering
the entire coagulation process and assessing thrombin generation in two different
conditions (with and without exogenous APC), allows the identification of a large
panel of prothrombotic states. Currently, evaluation of a complete thrombophilia
panel requires multiple coagulation tests, which can make the interpretation of the
results expensive and challenging. Indeed, changes in coagulation factors levels may
not exceed their respective normal ranges, when assessed individually. On the other
hand, the increased thrombogenicity, resulting from the additive effect of these
changes could be captured by the ETP-based APCR assay. This represents an
interesting approach that needs further clinical validation to assess and score a
hypercoagulable state that would help the clinician in decision-making.
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11.1 - RESPONSE TO THE ARTICLE OF ABOU-ISMAIL, ET AL. ENTITLED
“OESTROGEN AND THROMBOSIS: A BENCH TO BEDSIDE REVIEW”

Laure Morimont, Jean-Michel Dogné, Jonathan Douxfils

To the Editors,

We read with great interest the excellent review of Abou-Ismail et al. on oestrogen
and thrombosis (Abou-Ismail et al., 2020) and we would like to take the opportunity
to further elaborate on this topic considering the latest data from in vitro diagnostic
and drug candidates in development.

The management of venous thromboembolic events (VTE) related to combined oral
contraceptives (COCs) use remains controversial. More than 100 million women
worldwide are at risk and to date, no clear risk minimization strategies have been
implemented. Overall, the absolute risk of VTE remains low (i.e., 5 to 12 for 10,000
women a year). However, in view of the incidence of thrombosis among the large
number of COC users, it is estimated that 22,000 thrombosis related to COC use
occur each year in Europe (McDaid et al., 2017). A major contributing factor is the
presence of unknown coagulation abnormalities during contraceptive use. One of
the most common inherited thrombophilia in Europe is the Factor V Leiden (FVL)
mutation. The prevalence is about 5% in the Caucasian population and is present in
20% of patients suffering from VTE (McDaid et al., 2017). Other inherited clotting
defects (i.e., prothrombin (PT) G20210A mutation, antithrombin, protein C or
protein S deficiency) also increase the risk of VTE among COC users and account for
an additional 2-3% in the general population (Douxfils, Morimont, & Bouvy, 2020;
Hugon-Rodin et al., 2018). No systematic screening is, however, recommended at
the time of the first prescription of a COC for different reasons including economic
ones. Nevertheless, the presence of a known hereditary thrombophilia is
contraindicated to COC use. As the standard of care, the suspicion of an underlying
thrombophilia is based on familial history of VTE. This strategy is recognized for its
low sensitivity and poor predictive value to identify patients with thrombophilia
(Suchon et al., 2016). Consequently, there is a need of being able of identifying
hereditary thrombophilia in women before introducing hormonal contraceptives.
High responsiveness to oestrogenic compounds should also be pinned down. Such
technology should be accessible at an acceptable price for the society to provide a
cost-effective, but clinically mandatory, solution for this population of young and
healthy women.

As the field of personalized medicines is currently expanding, identifying one or
several biomarkers to establish a « coagulability status » would be an interesting
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approach to minimize the risk of VTE in women on hormonal therapy. Activated
protein C (APCR) could be one of the potential candidates. An acquired APCR is
frequently observed in women during their lifetime and is related to the endogenous
or exogenous hormonal changes including the use of hormonal contraception during
the fertile period, the pregnancy and postpartum periods, or the use of menopausal
replacement therapy during menopause.

Several methods for the detection of APCR have been developed but the ETP-based
APCR assay is the most suitable for the assessment of COC-induced changes in
haemostasis (Douxfils, Morimont, Delvigne, et al., 2020). The test is part of the
European Medicines Agency’s guidance for the proper assessment of the
thrombogenic profile of new COC preparations (EMEA/CPMP/EWP/519/98 Rev 1).
However, the absence of a standardized methodology clearly led to
misinterpretation of the impact of the different generations of COC on APCR. For
example, on previous studies, no significant difference between nonusers and
women using 2" generation COC (e.g. ethinylestradiol (EE) + levonorgestrel) was
observed while other authors reported an increase of more than 150% of the
normalized APC sensitivity ratio (nAPCsr) (Douxfils, Morimont, & Bouvy, 2020). In the
study that used a less sensitive methodology, the mean nAPCsr was 0.70 in nonuser
group and 0.78 in 2" generation COC group while the reference population should
have a nAPCsr around 1.0. This reveals that the methodology was not optimal since
the reference plasma was more resistant than the patient’s samples. In comparison,
with the use of an ETP-based APCR assay developed, validated and standardized
according to regulatory standards, the nAPCsr (normal range: 0.00-2.08) (Douxfils,
Morimont, Delvigne, et al., 2020) raised at 4.09 in women using EE 20ug +
levonorgestrel 100ug and 5.40 in women using EE 30ug/desogestrel 150ug. This
support the assumption that an increased ratio may be correlated with the risk of
VTE (Erreur ! Source du renvoi introuvable.) (de Bastos et al., 2014; Tans et al., 2003).
These preliminary data support the concept that the nAPCsr, obtained with a test
that uses a validated and standardized procedure with an appropriate sensitivity,
could be a promising regulatory and clinical tool to identify the thrombogenicity of
COCs (Douxfils, Morimont, & Bouvy, 2020). In addition, this would represent a more
appropriate and cheaper alternative than a thrombophilia tests panel for assessing
the risk since, this test does not only focus on the inherited coagulopathies but also
assesses the individual sensitivity towards hormonal contraceptive preparations
(Douxfils, Morimont, Delvigne, et al., 2020).

In the landscape of contraception pills, new compounds with safer haemostatic
profile have also been proposed during the last 15 years. In their review, Abou-Ismail
et al. discussed the oestradiol (valerate) containing pills but did not consider estetrol
(E4), a native oestrogen produced by the human foetal liver and chemically
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synthesized from oestrone. This new oestrogenic compound is currently proposed in
association with drospirenone as a new COC. This combination showed a promising
haemostatic profile which looks even safer than EE/levonorgestrel containing pills.
The E4/drospirenone combination showed a reduced impact on several haemostasis
parameters, including the prothrombin fragment 1+2, protein S and nAPCsr, as
reported on Figure Il.1.1. Furthermore, it also has less impact on the sex hormone-
binding globulin (SHBG), a biomarker which reflects the total estrogenicity of a
preparation and which has also been proposed to assess the VTE risk, although it is
insensitive towards inherited coagulopathies. Results of the clinical program
development of E4 clearly demonstrates that the oestrogenic moiety of a COC
preparation is the sole responsible of the thrombogenicity, the progestin being only
a “counterweight” thanks to its androgenic property (Douxfils, Klipping, et al., 2020).

To exemplify the prediction capacities of the nAPCsr, we did in silico modelling by
combining both the nAPCsr for specific COC preparations with their respective VTE
relative risk. The combination E4/drospirenone might express a relative risk [95%Cl]
of 1.29 [0.62-1.97]. Caution is required when interpreting these data since this
prediction model is only exploratory and further investigations and validation are
needed. However, these data support the idea that the nAPCsr could become a
universal test to assess the hormone-induced risk of VTE in women during their
entire lifetime. First, the assessment of the baseline risk will provide objective data
for the gynaecologist to support the prescription of the more adapted hormonal
therapy and, in case of high coagulability state, to suspect an underlying pathology
and refer to a haematologist. Subsequently, testing after a sequence of 2 to 3 cycles
of hormonal treatment will allow identifying women with an abnormal rise of the
nAPCsr which may reveal an over-sensitivity of the oestrogenic effect of COC.

Additionally, information on the “coagulability status” could not only reduce the risk
of COC-induced thrombosis but also the incidence of thrombotic events in situations
associated with elevated thrombotic risk. Indeed, such a strategy could benefit to

other therapeutic areas and may guide clinical decision is various settings.

Venous thromboembolism and pulmonary embolism are associated with significant
mortality but also with a high morbidity rate leading to expensive costs for the
diagnosis, the treatment, and the management of any thrombotic related disability,
i.e., recurrent VTE, post-thrombotic syndrome, or chronic pulmonary hypertension.
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Figure I1.1.1 | Correlation between nAPCsr and the relative risk of VTE (de Bastos, 2014)
depending on the type of COC (i.e. (EE) 20 pg/levonorgestrel (LNG) 100 pg; EE 30 pg/LNG
150 pg; EE 20 pg/desogestrel (DSG) 150 pg; EE 30 pg/DSG 150 pg)

Nonuser group used as a reference (VTE RR=1) showed mean nAPCsr * standard deviation of 1.68 *
0.88 (n=41). EE 20/LNG 100 showed mean nAPCsr * standard deviation of 4.09 + 1.53 (n=15) and
VTE RR (C195%) of 2.2 (1.3-3.6); EE 30/LNG 150 showed mean nAPCsr # standard deviation of 3.75
+1.43 (n=33) and VTE RR (CI 95%) of 2.4 (1.8-3.2); EE 20/DSG 150 showed mean nAPCsr + standard
deviation of 4.45 * 1.38 (n=11) and VTE RR (CI 95%) of 3.4 (2.5-4.6); EE 30/DSG 150 showed mean
nAPCsr + standard deviation of 5.40 *+ 0.63 (n=5) and VTE RR (CI 95%) of 4.3 (3.3-5.6). New
combination E4/DRSP showed a nAPCsr of 2.28 and an interpolated VTE RR (CI 95%) of 1.29 (0.62-
1.97).

All of these led to an important financial burden within personal expenses,
healthcare resources and societal costs (Vernon et al., 2017). Today, a complete
thrombophilia assessment requires several coagulation assays which can make the
interpretation of the results expensive and challenging. Studies assessing the cost
effectiveness of thrombophilia screening prior prescribing COC are scarce and suffer
from limitations (Douxfils, Klipping, et al., 2020). They usually do not take into
account the long-term use of COC, the potential long-term consequences of VTE and
above all, the lifetime benefit of screening, i.e., the awareness of inherited
thrombophilia, the risk minimization strategies to reduced risk of VTE and the

decreased economic burden (Vernon et al., 2017).
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The ETP-based APCR assay, a thrombin generation based global assay, represents an
interesting approach that needs further clinical validation to assess and score a
hypercoagulable state that would help the clinician in decision-making. Finally, it
would provide a simple, easy-to-implement and reassuring risk minimization

measure for the safe use of COC and other hormone-related therapies and their
derivatives.
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11.2 - PREDICTION OF VENOUS THROMBOEMBOLISM RISK ASSOCIATED
WITH COMBINED ORAL CONTRACEPTIVES: AN EXPLORATORY MODEL

Laure Morimont, Mitchell D Creinin, Ulysse Gaspard, Jean-Michel Dogné,

Jean-Michel Foidart and Jonathan Douxfils

SUMMARY

Introduction: Combined oral contraceptives (COCs) containing ethinylestradiol (EE)
increase venous thromboembolism (VTE) risk compared to nonusers. COCs with
oestradiol (E2) and estetrol (E4) have been introduced to lower this risk. Activated
protein C resistance (APCR), a dysregulation of haemostasis, is recognized as a risk
factor for VTE in COC users. The endogenous thrombin potential (ETP)-based APCR
assay is the most suitable assessment of COC-induced coagulation changes.

Aim: We aimed to model the correlation between ETP-based APCR outcomes
(expressed as normalized activated protein C sensitivity ratio (nAPCsr)) in users of
COCs and VTE relative risk defined by large epidemiological studies.

Methods: We collected nAPCsr data for 332 specimens from non-COC users and
from users of multiple COCs. Specimens came from the registered biobank of the
University of Namur and from a recent phase Il clinical trial. We stratified specimens
according to COC use and we computed mean nAPCsr for each subgroup. We created
models by associating these nAPCsr values with established VTE-associated relative
risks (RRs) issued from epidemiological studies. We measured the strength of the
association using goodness-of-fit and Spearman’s rank correlation testing. We used
the model to estimate VTE RR based on nAPCsr values for EE 30 pg/dienogest (n=14),
E2/nomegestrol acetate (NOMAC) (n=7) and E4/drospirenone (n=32) users.

Results: nAPCsr data from nonuser women (n=162) and COC users (EE with
levonorgestrel (EE 20 pg, n=28; EE 30 ug, n=36), desogestrel (EE 20 pg, n=37; EE 30
ug; n=7), with gestodene (EE 20 ug, n=7) and cyproterone acetate (EE=35 pg, n=3))
represented x-coordinates of our models. VTE RR associated with these COCs and
extracted from de Bastos meta-analysis or Lidegaard study represented y-
coordinates of our models. These 2 models provided exponential growth equations
with excellent goodness-of-fit (R?=.98 and .97) and Spearman’s rank correlation
(Rs=1.00). Based on these models, RR estimates were 3.70 or 3.74 for EE/dienogest,
1.68 for E2/NOMAC and 1.54 or 1.53 for E4/drospirenone versus hon-COC users.

Conclusion: These exploratory models are strongly correlated with predicted RR
estimates from published post marketing surveillance data comparing EE/dienogest
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and E2/NOMAC VTE risk versus nonusers. The low predicted risk for E4/drospirenone
fits with clinical studies results showing its low impact on haemostasis. These
findings support that ETP-based APCR could become a surrogate biomarker for
estimating the VTE risk of a particular COC, which represents the main cause of APCR
in a young population.
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INTRODUCTION

Combined hormonal contraceptives containing ethinylestradiol (EE) increase venous
thromboembolism (VTE) risk compared to nonusers. The risk varies from 2.2-6.6
times and depends on the oestrogen doses and progestin components as well as
clinical characteristics like Body Mass Index (BMI), diabetes, mellitus, hypertension,
or polycystic ovary syndrome (de Bastos et al.,, 2014; Lidegaard et al., 2011,
Vinogradova et al.,, 2015; Waddington et al., 2017). New combined oral
contraceptives (COCs) with natural oestrogens, oestradiol (E2) and estetrol (E4),
have been introduced in the last decade with the hope to significantly lower the VTE
risk as compared to EE-containing regimens. To this point, no surrogate markers
have been clearly identified that directly correlate with VTE risk in COC users. As
such, we must wait for results of population-based phase IV trials which take several
years to complete. For example, investigators reported, in 2021, results from a post-
marketing study of E2 1.5 mg/nomegestrol acetate 2.5 mg, demonstrating a similar
VTE risk compared to EE/levonorgestrel regimens (adjusted hazard ratio [HR] 0.59;
95% Cl 0.25-1.35) more than a decade after the E2/nomegestrol product was first
marketed (Reed et al., 2021). More recently, E4 15mg/drospirenone 3 mg has been
introduced with phase Il data demonstrating an almost neutral haemostatic profile
(Douxfils, Klipping, et al., 2020; Douxfils, Morimont, et al., 2022); however, it will
again be many years before phase IV epidemiological data are available.

Published data has confirmed activated protein C resistance (APCR), a dysregulation
of haemostasis, as an independent VTE risk factor (de Visser et al., 1999; Rodeghiero
et al., 1999). Several methods for APCR detection have been developed; however,
the endogenous thrombin potential (ETP)-based APCR assay, developed in 1997, has
proven to be the most suitable for the assessment of COC-induced changes on the
coagulation system (de Visser et al., 2005; Douxfils, Morimont, & Bouvy, 2020;
Morimont, Dogné, et al., 2020; Morimont, Donis, et al., 2022; Morimont, Haguet, et
al., 2021). This test is required by the European Medicines Agency (EMA) as part of
the haematological assessment of the thrombogenic profile of new COC
preparations.(European Medicines Agency, 2005) However, the ETP-based APCR test
suffered from a lack of standardization which hampered study-to-study comparison
but recently a validated methodology (described in Part 1.1) has been developed with
the aim to propose a standardized and harmonized scale for the ETP-based APCR,
the normalized activated protein C sensitivity ratio (nAPCsr).

In this report, we aim to evaluate nAPCsr data of users of multiple COCs and to
correlate these data with the VTE risk observed in epidemiological studies as
suggested in the previous chapter (i.e., Part 11.1).
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MATERIAL AND METHODS

This report is divided into 2 parts; first, we assessed ETP-based APCR of 332 existing
plasma samples, using the validated methodology (Part I.1). In a second step, we
created VTE predictive models using these nAPCsr data.

These existing plasma samples came from two sources, a recent phase Il clinical trial
(NCT 02957630) (n=153) and the Namur Biobank-eXchange (NAB-X), the registered
biobank from the University of Namur (Namur, Belgium) (n=179).

The NAB-X specimens came from blood campaigns organized by the Department of
Pharmacy at the University of Namur. These campaigns recruit volunteers to donate
blood for research testing as approved by the Centre Hospitalier Universitaire,
Université Catholique de Louvain (CHU UCL) Namur Ethical Committee. Written
informed consent was obtained from each donor. At the time of collection, study
staff collected demographics, medical history, and current medication use. They only
allowed donation if volunteers do not have a history of thrombotic and/or
haemorrhagic events, treatment by antiplatelets or anticoagulant medications or
other drugs potentially affecting platelets or coagulation and pregnancy. After
collection, NAB-X tested all specimens for the Factor V Leiden (FVL) and prothrombin
(PT) G20210A mutations using a CE-in vitro diagnostic approved technique. Blood
was collected in sodium citrates and processed to plasma before being frozen in
liquid nitrogen and stored at <-70°C within the NAB-X biobank.

The phase Il clinical trial from which we obtained specimen is the E4/DRSP Endocrine
Function, Metabolic Control and Haemostasis Study (NCT 02957630). Inclusion and
exclusion criteria have been described previously (Douxfils, Klipping, et al., 2020) but
they will also be reported in the next section (Part Ill) which will be devoted to E4.

For this research project, we requested specimens from NAB-X with the following
criteria: plasma from women of childbearing age (18-40 years), without any
hormonal contraceptive method or who used the same COC for at least 3 cycles, and
not carriers of FVL or PT G20210A mutations. These specimens had to be stored at
<-70°C for less than 3 years, as plasma stability for the ETP-based APC-R assay is 36
months (Part I.1).

As for specimens from the phase Il clinical trial, we only collected data from women
who were under 40 years of age, at baseline and after 3 cycles of treatment (E4
15mg/drospirenone 3mg and EE 30ug/levonorgestrel 150ug).

For each specimen, the ETP-based APCR assay was performed as illustrated in the
Memento.

To build VTE predictive models, we defined x-coordinates as mean nAPCsr values
obtained in non-COC users and in users of different COCs. Y-coordinates
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corresponded to VTE RRs (extracted from epidemiological studies) associated with
the use of these same COCs versus nonusers. The correlation between nAPCsr and
VTE RR was assessed with a Spearman rank correlation (Rs) and the goodness-of-fit
was evaluated based on R squared (R?).

Statistical analysis

Statistical analyses were performed using GraphPad version 9.3.1 (GraphPad Prism
9.3.1 for MacOs, GraphPad Software, San Diego, USA, www.graphpad.com). No

formal sample size calculation was performed, and no formal statistical analysis was
planned for this exploratory study.

RESULTS

Based on the collected 332 specimens, nonusers were pulled together, and COC-
users were stratified according to the oestroprogestin association. Demographics of
each subgroup are presented in Table 11.2.1 and mean #SD nAPCsr values are
reported in Figure 11.2.1.

Table I1.2.1 | Demographic data of collected specimens.

Number | Mean age | Mean BMI
of (ranges), (range) Source of the data
subjects yrs. kg/m?2

22.6 (16.9- | NAB-X

Nonusers 162 23 (18-29) 34.9) Sponsored trial
EE 20ug + levonorgestrel 22.4 (17.6-
100pg 28 21 (18-28) 28.7) NAB-X

EE 30ug + levonorgestrel 22.5(17.4- | NAB-X
150pg 36 24 (18-39) 29.8) Sponsored trial
EE 20ug + desogestrel 37 21 (18-29) 22.0(17.7- NAB-X

150pg 31.3)

EE BOuglJ;gﬁsgogestrel 7 22 (19-26) 21.54(;;.3- NAB-X
EE 35:cge:-aizp2rrc:]tgerone 3 20 (18-22) 22.55(2()).7- NAB-X
EE 20ug + gestodene 75ug 6 22 (19-26) 21';;108'7_ NAB-X
EE 30ug + dienogest 2mg 14 21 (19-27) 20'265(.11?'5_ NAB-X
E2 1.22%[;;32?5;5”0' 7 21 (18-25) 21.;55(.%)6)3.7- NAB-X
E4 15me +3i;25pirenone 32 25 (19-36) 23.228(.175)3.2- Sponsored trial
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Figure I1.2.1 | nAPCsr of nonuser women and users of COCs.
Means * standard deviations are represented. The size of the square is proportional to the number
of subjects included in each subgroup.

We created 2 predictive models by using 2 different sources for the extraction of VTE
RR associated with COCs, namely the meta-analysis of de Bastos (de Bastos et al.,
2014) and the Danish cohort study of Lidegaard (Lidegaard et al., 2011).

For the model based on de Bastos’ meta-analysis, we used nAPCsr results of the
following subgroups: nonusers and users of EE 20ug/levonorgestrel 100ug; EE
30ug/levonorgestrel 150ug; EE 20ug/desogestrel 150ug; EE 30ug/desogestrel
150ug; and EE 35ug/cyproterone acetate 2mg. The nonuser group was used as the
comparator with a VTE RR of 1.0. For Lidegaard’s model, included COCs slightly
differed compared to de Bastos’ model. Nonusers remained the comparator group
and included COCs were EE 30ug/levonorgestrel 150ug; EE 20ug/desogestrel 150ug;
EE 30ug/desogestrel 150ug; EE 20ug/gestodene 75ug and EE 35ug/cyproterone
acetate 2mg. (x; y) coordinates, i.e. (mean nAPCsr; extracted VTE RR) for each model
are shown in
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Table 11.2.2. The mathematical formula coming from our models was y=Y0*exp(k*X),
representing an exponential growth equation.

Table I1.2.2 | (x; y) coordinates corresponding to (mean nAPCsr; extracted VTE RR) to
build prediction models.

Y-coordinate

X-coordinate VTE RR +95%CI VTE RR +95%Cl
(mean nAPCsr +SD) extracted from de extracted from
Bastos’ meta-analysis Lidegaard'’s study
Nonusers 1.59 +0.86 1 1
EE 20ug +
He 3.49+1.42 2.2 (1.3-3.6) 2.19 (1.74-2.75)
levonorgestrel 100ug
EE 30ug +
He 3.51+1.45 2.4(1.8-3.2) -
levonorgestrel 150ug
EE 20ug + desogestrel
He & 4.34 £1.47 3.4 (2.5-4.6) 3.26 (2.88-3.69)
150ug
EE 30ug + desogestrel
He & 5.41 +0.75 4.3 (3.3-5.6) 4.21 (3.63-4.87)
150ug
EE 35ug + cyproterone
5.10+0.78 3.9(2.7-5.5) 4.10 (3.37-4.99)
acetate 2mg
EE 20ug + gestodene
He & 4.47 +0.87 - 3.50 (3.09-3.97)

75ug

As shown in Figure 11.2.2, both models presented excellent goodness of fit (R? 0.98,
de Bastos; R? 0.97, Lidegaard) and a strong correlation between nAPCsr and VTE risk
(Rs 1.000 for both).

We used the models to estimate VTE RR of oestroprogestin associations for which
we had collected nAPCsr values, but whose risk had not been determined in the
meta-analysis of de Bastos or the study of Lidegaard. Three COCs were concerned;
EE 30pg/dienogest 2mg (n=14); E2 1.5mg/nomegestrol acetate 2.5mg and E4
15mg/drospirenone 3mg and estimates are shown in Figure 11.2.2 and Table 11.2.3.
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Figure I1.2.2 |VTE prediction exploratory model based on de Bastos’ meta-analysis
(upper graph) and Lidegaard’s study (lower graph).
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Table I1.2.3 | VTE risk estimates determined by interpolations on the prediction VTE
models.

Interpolated Y-coordinate

X-coordinate VTE RR + 95%Cl based VTE RR + 95%ClI
(mean nAPCsr +SD) on de Bastos’ meta- based on
analysis Lidegaard’s study

EE 30ug + dienogest

4.89+1.41 3.70 (3.39-4.00) 3.74 (3.42-4.06)
2mg
E2 1.5mg +
nomegestrol acetate 2.57 +1.13 1.68 (1.33-2.04) 1.68(1.24-2.11)
2.5mg
E4 15mg +
2.30 £0.96 1.54 (1.18-1.89) 1.53 (1.09-1.97)

drospirenone 3mg

DISCUSSION

This research project has shown that nAPCsr values may reflect the thrombotic risk
profile of COCs.

Based on 162 specimens from nonuser women, the mean nAPCsr equalled 1.59
which stands within the normal range of 0.00 to 2.08 (Morimont, Didembourg, et al.,
2021). Regarding EE-based COC preparations, mean nAPCsr were out of the normal
range, with different levels of APCR depending on the association. The lowest impact
was for levonorgestrel-containing products with a mean nAPCsr of 3.49 and 3.51 for
EE 20ug/levonorgestrel 100ug and EE 30ug/levonorgestrel 150ug, respectively. As
already discussed in the introductory part, this less pronounced impact on APCR
compared to the other preparations could be explained by the strong androgenic
properties of levonorgestrel, allowing counterbalancing, to a certain degree, the
procoagulant effect induced by EE (Kuhl, 2011; Lawrie et al., 2011; Morimont,
Haguet, et al., 2021; Regidor, 2018). Furthermore, whether 20 or 30ug of EE were
used, APCR remained similar, as the levonorgestrel dosage is proportionally
increased (i.e., 150ug with EE 30ug versus 100ug with EE 20pug; 1:5 ratio). Regarding
desogestrel-containing products, the low EE-dosage led to a mean nAPCsr of 4.34
while the high EE-dosage led to a mean nAPCsr of 5.41. As desogestrel shows weak
androgenic properties, it is indeed less prone to offset the negative impact of EE on
haemostasis, resulting in a higher level of APCR compared to levonorgestrel-
containing products. Furthermore, as the dosage of the progestin remains the same
whether 20 or 30ug of EE is used, APCR is more pronounced with the high EE dosage.
For preparations containing EE associated either with gestodene or cyproterone
acetate, APCR levels were of the same order as desogestrel-based products as the
associated progestin also demonstrate weak androgenic properties and even anti-
androgenic ones (e.g., cyproterone acetate)(Morimont, Haguet, et al., 2021). These
clinical laboratory data are in line with epidemiological data, in which the lowest risk
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of VTE was associated with levonorgestrel-containing products while the highest was
observed with 30 or 35ug of EE associated with desogestrel or cyproterone acetate
(de Bastos et al., 2014; Lidegaard et al., 2011; Vinogradova et al., 2015).

For COCs that were not part of the model but for which epidemiological studies have
been performed after the release of de Bastos or Lidegaard’s data, i.e., EE
30ug/dienogest 2mg and E2 1.5mg/nomegestrol acetate 2.5mg, VTE RR estimated
by the models were similar to those reported in their COC-specific epidemiological
studies (Dinger, 2020; Reed et al., 2021). Based on the mean nAPCsr (+SD) we
calculated, i.e., 4.89 (+1.41) for EE 30ug/dienogest 2mg, the RR of VTE was 3.70 and
3.74 depending on the model used. In the study of Dinger published in 2020 (Dinger,
2020) the calculated RR of VTE compared to nonusers was around 3.4, an estimate
which is in line with the estimated RR provided by the models. For E2 1.5mg/
nomegestrol acetate 2.5mg, mean nAPCsr value (+SD) equalled 2.57 + 1.13, which is
translated into an estimated RR of VTE of 1.68 versus nonusers. This is again in line
with results of the PRO-E2 study which reported a RR of VTE around 1.6 for E2 1.5mg/
nomegestrol acetate 2.5mg compared to nonusers (Reed et al., 2021). These
external validations permit us to appreciate the robustness of the model. We suggest
that it could be used to fairly estimate the RR of VTE of COC preparations for which
the risk is currently unknown due to the absence of sufficient epidemiological data.
The risk of VTE for E4 15mg/DRSP 3mg has not been yet established by an
epidemiological study. The models described here permit to hypothesize that the
VTE RRis around 1.60 compared to nonusers (Figure 11.2.2). This risk estimate is not
different from that of the E2/nomegestrol acetate users but lower than all other COC
users, which is in line with the current knowledge about this new COC. Indeed,
according to data from the phase Il clinical trials and the exhaustive evaluation of the
impact of this COC on haemostasis (which will be described in Section Ill), the risk of
VTE is expected to be low with this preparation.(Douxfils, Klipping, et al., 2020;
Gerard et al., 2022)

One of the study limitations of these exploratory models is the small number of
women evaluated in each subgroup. These models remain to be validated in larger
cohorts. According to the Clinical and Laboratory Standards Institute on the
definition of the laboratory reference intervals (CLSI EP28-A3C document (Clinical
and Laboratory Standards Institute, 2010)), at least 120 values are required for the
establishment of a reference range for a particular biological parameter and the
nAPCsr reference range should be established for each COC preparation.

Although the nested case-control study of Vinogradova’s (Vinogradova et al., 2015)
provided more recent data compared to Lidegaard’s or de Bastos’, the lack of
stratification by EE dosage does not permit to build a model using these
epidemiological data. Therefore, an updated network meta-analysis would be of
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great interest to include new COC preparations available on the market, e.g., E2-
containing products and to obtain consistent data based on a pharmacodynamic
classification of COCs. Nevertheless, the current models show reassuring robustness
which to reliably support and validate the computation process of nAPCsr data to
estimate the risk of VTE of a particular COC.

CONCLUSION

In definitive, these in silico modelling could finally serve for regulatory purpose since
it could permit to avoid waiting almost a decade before positioning on the potential
risk of VTE of a particular COC. It may also save time and money for the
pharmaceutical companies and the regulators and may facilitate the uptake of
innovative compounds for the clinicians by providing reassuring data on the risk of
VTE with hormonal therapies. After validation, this model could reveal useful for the
individual assessment of the VTE risk in any individual prescribed a COC.
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Impact of E4/DRSP on haemostasis parameters

I11.1 - EVALUATION OF HAEMOSTASIS PARAMETERS

Adapted from the Publication of Douxfils et al. (2020) “Evaluation of the
Effect of a New Oral Contraceptive Containing Estetrol and Drospirenone on
Haemostasis Parameters”. Contraception, 102(6):396-402

In 2021, a combination of 15mg estetrol (E4) and 3mg drospirenone (Nextstellis® in
the US, Drovelis® and Lydisilka® in Europe) has been approved as a new combined
oral contraceptive (COC). Prior to approval, the haemostasis profile of this new
association was investigated in the Estelle phase Il trial “E4/DRSP Endocrine
Function, Metabolic Control and Haemostasis study” (NCT02957630).

This section aims to present the main changes in haemostasis biomarkers induced
by E4 15mg/drospirenone 3mg in comparison with ethinylestradiol (EE)-containing
products.

Briefly, this was a randomized, single centre, open label, exploratory study in which
healthy women received either E4 15mg/drospirenone 3mg, ethinylestradiol (EE)
30ug/levonorgestrel 150ug, or EE 20ug/drospirenone 3mg for six 28-day cycles.
Blood was collected at baseline, cycle 3 and cycle 6.

The following coagulation and fibrinolytic parameters were investigated: fibrinogen,
prothrombin, factor VII, factor VIII, von Willebrand factor, antithrombin, protein S
activity, free protein S, protein C, free tissue factor pathway inhibitor (TFPI),
plasminogen, plasminogen activator inhibitor type-1 (PAI-1), tissue plasminogen
activator (tPA), normalized activated protein C sensitivity ratio (nAPCsr), D-dimer
and prothrombin fragment 1+2. In addition, sex hormone-binding globulin (SHBG)
was also measured. Relative median changes from the baseline were evaluated.

The per protocol haemostasis population included 88 subjects among which, 34 in
the E4/drospirenone arm, 25 in the EE/levonorgestrel group and 29 in the
EE/drospirenone group.

As shown in Figure Ill.1.1, after 6 cycles of treatment, no relevant changes were
observed for FVII, FVIII, VWF, AT, protein S (free and activity), protein C, TFPI, PAI-1
and tPA levels with E4/drospirenone. Compared to EE/levonorgestrel and
EE/drospirenone, E4/drospirenone had less pronounced effects on the percentage
change from the baseline of the nAPCsr (+30% versus +165% and +219%),
plasminogen (+12% versus +40% and +36%), tPA (-7% versus -33% and -40%) and
prothrombin fragment 1+2 (+23% versus +71% and +64%). For factor VII, protein C,
protein S activity, free-protein S and SHBG the changes observed for
E4/drospirenone were comparable to those for EE/levonorgestrel but lower than
those for EE/drospirenone. No differences were seen for fibrinogen, prothrombin,

121



Partlll.1

factor VIII, von Willebrand factor, antithrombin, free TFPI, and PAI-1. Results were
similar after 3 treatment cycles.

These results showed that changes in haemostasis parameters after treatment with
6 cycles of E4/drospirenone were smaller or similar to those observed for
EE/levonorgestrel. Similar, but more pronounced changes were also observed versus
EE/drospirenone, which supports the hypothesis that the effect of COCs on
haemostasis parameters is mainly mediated by the oestrogenic component but also,
the nature of the progestin compound comes into play and modulates the global
estrogenicity of the contraceptive agent.

Nevertheless, the synergistic effect of these changes could not be captured by these
singular measurements. Hence the aim of the following section, which discusses the
impact of these treatments on a global coagulation test, i.e., the thrombin
generation assay.
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Figure I11.1.1 | Effect of study treatment at cycle 6 on relevant haemostasis biomarkers and sex hormone-binding globulin (SHBG) - adapted from
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111.2 - Low THROMBIN GENERATION IN USERS OF A CONTRACEPTIVE
CONTAINING ESTETROL AND DROSPIRENONE

Laure Morimont, Maud Jost, Ulysse Gaspard, Jean-Michel Foidart, Jean-

Michel Dogné, Jonathan Douxfils

SUMMARY

Objective: To compare the impact on thrombin generation of the new combined oral
contraceptive containing 15mg estetrol (E4) and 3mg drospirenone (DRSP) with
ethinylestradiol (EE) (30 or 20ug) associated either with 150ug levonorgestrel (LNG)
or with 3mg DRSP.

Methods: Data were collected from the "E4/DRSP Endocrine Function, Metabolic
Control and Haemostasis Study" (NCT02957630). Overall, the per protocol set
population included 24 subjects in the EE/LNG arm, 28 subjects in the EE/DRSP and
34 subjects in the E4/DRSP arm. Thrombograms and thrombin generation
parameters (lag time; peak; time to peak; endogenous thrombin potential and mean
velocity rate index) were extracted for each subject at baseline and after 6 cycles of
treatment.

Results: After 6 cycles of treatment, EE-containing products arms show mean
thrombograms outside the upper limit of the reference range, that is the 97.5%
percentile of all baseline thrombograms. On the other hand, the mean thrombogram
of E4/DRSP is within this reference interval. After 6 cycles of treatment, all thrombin
generation parameters are statistically less impacted by E4/DRSP than EE-containing
products.

Conclusions: In conclusion, an association of 15mg E4 with 3mg DRSP does not have
an impact on thrombin generation compared to EE-containing products which,
either associated with LNG or DRSP, are able to increase the production of
procoagulant factors and decrease the production of anticoagulant ones, shifting the
patient to a prothrombotic state. EE-containing products thus generate
prothrombotic environments contrary to E4 which demonstrates a neutral profile on
haemostasis.
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INTRODUCTION

Pregnancy and postpartum, as well as exogenous hormones exposure, such as
combined hormonal contraceptives (CHCs), create hormonal changes associated
with an increased risk of venous thromboembolism (VTE) (Speed et al., 2018).
Indeed, a 5-fold increased risk of VTE is reported during pregnancy, and up to a 20-
to 60-fold increased risk in the postpartum period (i.e., during the first 6 weeks after
delivery) (Heit et al., 2005; Jackson et al., 2011; Pomp et al., 2008). For women using
CHCs, the relative risk varies between 1.3 and 5.6 depending on the oestroprogestin
association and the dose of the oestrogenic component (de Bastos et al., 2014;
Dinger et al., 2016; Jick et al., 1995; Lidegaard et al., 2009; Rovinski et al., 2018;
Spitzer et al., 1996; van Hylckama Vlieg et al., 2009).

Pregnancy and the use of CHCs cause changes in plasma levels of almost all proteins
involved in the coagulation and fibrinolysis (Douxfils, Morimont, & Bouvy, 2020).
These changes might be considered as relatively modest when measured separately
but they could have a supra-additive effect, as explained in the introductory part,
leading to a procoagulable state responsible for this increased risk of VTE (Morimont,
Haguet, et al., 2021). Overall, rises in coagulation factors Il, V, VII, VIII, IX, X, XI, XII
and von Willebrand factor (VWF), as well as fibrinogen levels are observed (Douxfils,
Morimont, & Bouvy, 2020). On the other hand, antithrombin, protein S and tissue
factor pathway inhibitor (TFPI) levels, three proteins contributing to the
anticoagulant system, are decreased (Bonnar, 1987; Meade et al.,, 1977; Stadel,
1981; Wessler et al., 1976). As for the fibrinolysis, there is an increase in plasminogen
levels but a decrease in tissue plasminogen activator (tPA) antigens and plasminogen
activator inhibitor-1 (PAI-1) levels (Douxfils, Morimont, & Bouvy, 2020). These
hormonal changes, both during pregnancy and following the use of hormonal
therapy, are also associated with activated protein C (APCR) which can result from
increases in Fll, FVIII or FX levels and/or decreases in protein S and TFPI (Brenner,
2004; de Visser et al., 2005; Douxfils, Morimont, & Bouvy, 2020; Morimont, Haguet,
et al, 2021).

Among assays measuring APCR, the endogenous thrombin potential (ETP)-based
APCR assay is the most sensitive towards acquired APCR and has been linked to an
increased risk of VTE in women on hormonal therapy (de Visser et al.,, 2005;
Morimont, Dogné, et al., 2020; Morimont, Haguet, et al., 2021). This technique relies
on the thrombin generation assay (TGA) which permits to obtain a thrombogram,
i.e., a visual and quantitative representation of the amount of thrombin generated
over time in a cupule. While the normalized APC sensitivity ratio (nAPCsr) reflects
the capacity of the ETP-parameter (representing the area under the thrombogram)
to be reduced in presence of exogenous APC, other parameters of the thrombogram
can be exploited (Douxfils, Morimont, Delvigne, et al., 2020). Indeed, they can
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provide information on the prothrombotic tendency (Lutsey et al., 2009; van
Hylckama Vlieg et al., 2007) independently of the resistance towards exogenous APC.
Besides, the use of ethinylestradiol (EE) based-CHCs, and other known
hypercoagulable states, have been shown to enhance the in vitro thrombin
generation (Hugon-Rodin et al., 2017, Mohamed et al., 2018; Tchaikovski et al.,
2007).

A combination of 15mg estetrol (E4) and 3mg drospirenone (Nextstellis® in the US,
Drovelis® and Lydisilka® in Europe) has recently been approved (Gerard et al., 2022).
Estetrol is a natural and native foetal oestrogen synthesized exclusively in the human
foetal liver (Holinka et al., 2008). It has a unique mode of action, different from those
of other oestrogens, by activating the nuclear oestrogen receptor a (Era) but
antagonizing the membrane Era (Abot et al., 2014). The use of E4 demonstrated a
low impact on the liver with minimal effects on lipids, lipoproteins, sex hormone-
binding globulin (SHBG) and several coagulation and fibrinolytic proteins (Douxfils,
Klipping, et al., 2020). The association of E4 with drospirenone also showed a much
lower impact on APCR compared to EE with levonorgestrel or EE with drospirenone
as well as on the level of prothrombin fragment 1+2, a marker of the ongoing
coagulation (Douxfils, Klipping, et al., 2020). Nevertheless, while some coagulation
factors like prothrombin, FVII, TFPI or protein S were individually impacted by each
of these therapies, the synergistic effect of these changes on the haemostasis could
not be captured by these singular measurements. Therefore, a global test capable of
capturing all pro- and anticoagulant factors level changes, would allow a more
accurate evaluation of the impact of a CHC on haemostasis and the associated risk
of VTE. The thrombin generation test permits to assess the coagulation process in its
entirety, and it has been shown to be sensitive to the synergistic haemostatic
alterations induced by CHCs (Hemker et al., 2003). This study aims therefore at
comparing the impact of E4/drospirenone with EE/levonorgestrel and
EE/drospirenone on thrombin generation.

MATERIAL AND METHODS

Study design

This single centre, randomized, open-label, controlled, three arms, parallel study in
healthy females was conducted from September 2016 through October 2017 at
Dinox BV, Groningen, the Netherlands (Eudra CT 2916-001316-37, Clinicaltrials.gov
NCT02957630). The study, performed in accordance with the Declaration of Helsinki
and the International Council for Harmonization (ICH) E6 (R2) Good Clinical Practice
guidelines, was approved by an independent local ethics committee and written
informed consent was obtained from all participants before study entry. The study
consisted of a pre-treatment cycle (baseline), followed by six 28-day treatment
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cycles. A total of 100 healthy women (40 in the investigational group and 30 per
comparator group) was planned to be included in the study. Visits were planned to
be at screening, at randomization/baseline, at cycle 3, at cycle 6 and/or at the end
of the study. As haemostatic results at cycle 3 were similar to those of cycle 6, only
data obtained at cycle 6 will be reported.

Study population

Healthy females aged 18-50 years with a body mass index (BMI) between 18 and 30
kg/m?, and a natural menstrual cycle of maximum 35 days were eligible for inclusion.
Main exclusion criteria were contraindications for the use of hormonal
contraceptives, known coagulopathy or thrombogenic mutation, the use of
anticoagulants or other drugs affecting coagulation and platelet aggregation and an
abnormal Papanicolaou smear test. The use of an injectable contraceptive was not
allowed within 3-10 months prior to the screening, depending on the type of
injection. Women with CHC use prior to the study had a washout period of 4 weeks
before pre-treatment cycle. Pre-treatment cycle started on the first day of the
menstrual cycle (following the washout cycle for former CHC users). All subjects
started the intake of the active study medication on the first day of their menstrual
cycle following the pre-treatment cycle.

Study treatment

Eligible subjects were stratified by previous hormonal contraceptive use (8 weeks or
>8 weeks without use before study treatment start) and by age (<35 years or >35
years of age). Subjects were then assigned, using a computerized random allocation
sequence, to one of the following treatments in a 4:3:3 ratio: 15mg E4 (as
monohydrate, equivalent to 14.mg anhydrate) combined with 3 mg drospirenone
(24-day active/4-day placebo regimen); 30ug EE combined with 150ug
levonorgestrel (21-day active/7-day placebo regimen), or 20ug EE combined with
3mg drospirenone (24-day active/4-day placebo regimen). The E4/drospirenone-
containing product was manufactured by Haupt Pharma, Miinster, Germany and
provided by Estetra SRL, an affiliate’s company of Mithra Pharmaceuticals, Liége,
Belgium. The other two products, i.e., EE/levonorgestrel (Melleva® 150/30, Leon
Farma) and EE/drospirenone (Yaz®, Bayer Healthcare) were obtained from a local
pharmacy. Study treatment started on the first day of the menstrual cycle following
the pre-treatment cycle. Treatment compliance was verified using a diary and check
of returned packages.

Study assessment and outcome parameters

Haemostasis parameters (fibrinogen, prothrombin, factor VII, FVIII, von Willebrand
factor, antithrombin, protein S activity, free protein S, protein C, free TFPI,
plasminogen, plasminogen activator inhibitor type-1 (PAI-1), tissue plasminogen
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activator (tPA), ETP-based APCR (expressed as nAPCsr), D-dimers and prothrombin
fragment 1+2 as well as SHBG have previously been reported (Douxfils, Klipping, et
al., 2020) (Part lll.1).

Thrombin generation assay has been performed on a Calibrated Automated
Thrombogram (CAT) (Diagnostica Stago, Asniéres-sur-Seine, France) using the STG-
ThromboScreen® (Diagnostica Stago) as triggering reagent. A complete description
of the method is illustrated in the Memento.

Statistical analysis

Statistical analysis was performed using GraphPad version 9.3.1 (GraphPad Prism
9.3.1 for MacOS, GraphPad Software, San Diego, California, USA,
www.graphpad.com). All randomized subjects who received at least one dose of the
study medication and had at least one haemostasis assessment on treatment,
without any major protocol deviation impacting the endpoints, were included in the
analysis (per protocol dataset). Descriptive statistics were used to analyse the data
(n, mean, standard deviation [SD], median, minimum-maximum range, 10-90%"
percentile, and 95% confidence intervals [95%Cl]). Changes of the different TGA
parameters from the baseline to cycle 6 have been computed using paired t-tests
and differences between treatment groups for a particular time point were assessed
using an ordinary one-way ANOVA followed by a Tukey’s multiple comparison test.
Reference ranges for thrombin generation and associated parameters are reported
as the 2.5 — 97.5™ percentile of the entire baseline cohort (n=86), in accordance
with the definition of the reference intervals as reported in the Clinical & Laboratory
Standards Institute (CLSI) EP-28-A3C (Clinical and Laboratory Standards Institute,
2010). All statistical tests were evaluated with a level of significance of 0.05.

RESULTS

Study population

A total of 143 subjects were screened for eligibility of which 101 were randomized,
and 98 received study treatment and 88 among these participants completed the
study (per protocol set population) (Figure 111.2.1). A summary of the demographic
data at study entry is presented in Table I11.2.1 and shows no difference between
groups at baseline. There was no important protocol deviation, including non-
compliance issues. For one patient in the EE/drospirenone group, there was no
sufficient plasma sample and thrombin generation could not be performed. One
patient in the EE/levonorgestrel group with a thrombin generation curve at baseline
defined as an outlier was not included in TGA analyses.
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Figure I11.2.1 | Trial flow diagram




Impact of E4/DRSP on thrombin generation

The final per protocol set population for this study was therefore 86 among which
24 subjects received EE/levonorgestrel, 28 received EE/drospirenone and 34
received E4/drospirenone. Previous use of CHC concerned 38% of women in the
EE/levonorgestrel group, 43% in the EE/drospirenone group, and 47% in the
E4/drospirenone group.

Table I11.2.1 | Mean demographic data at study entry.

15mg E4 - 30pg EE - 20pg EE - All
3mg DRSP 150ug LNG 3mg DRSP (n=98)
(n=38) (n=29) (n=31)
Age,y
26.7 (19 - 47) 26.2 (18 - 44) 25.6 (18 — 40) 26.2 (18 - 47)
(range)
Weight, kg 68.1(53.1—- 65.6 (50.4 — 63.2 (50.3 — 65.8 (50.3 —
(range) 97.8) 79.2) 80.7) 97.8)
Height, cm 170.8 (159 — 169.6 (160 — 168.4 (155 — 169.7 (155 —
(range) 188) 181) 183) 188)
BMI, kg/m?  23.33(19.2- 22.83 (183 - 22.27 (18.6 - 22.85(18.3 -
(range) 30.0) 29.8) 26.7) 30.0)

Thrombogram and TGA parameters
Absolute values at baseline and after 6 cycles of treatment

Analyses of thrombograms and resulting TGA parameters were performed on data
from the 86 subjects in the final per protocol set population.
Thrombograms at baseline (n=86, entire baseline cohort) and after 6 cycles of
treatment of women either treated with EE/levonorgestrel (n=24), EE/drospirenone
(n=28) or E4/drospirenone (n=34) are shown in Figure 111.2.2.

The mean thrombogram along with the 2.5-97.5™ percentile is shown for the entire
baseline cohort (n=86) and represents the reference interval. Mean [£95%Cl of the
mean] thrombograms after 6 cycles of treatment are also presented.
EE/levonorgestrel and EE/drospirenone groups show mean thrombograms [+95%Cl
of the mean] outside the upper limit of the reference range, i.e., the 97.5" percentile
of all baseline thrombograms. On the other hand, the mean [t95%CIl of the mean]
thrombogram of E4/drospirenone is within this reference interval. Mean values of
each TGA parameter at baseline and at cycle 6 of the different treatment arms are
reported in Table 111.2.2.
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Table I11.2.2 | Thrombin generation parameters with the different COC associations at baseline and cycle 6.
Mean values * standard deviations are shown.

ETP (nM.min) Peak height (nM) Lag time (min)
Baseline | Cvcle 6 Relative P- Baseline Cycle | Relative P- Baseline Cycle | Relative P-
¥ diff. (%) | value 6 diff. (%) | value 6 diff. (%) | value
1219 1588 32.0 192.5 287.3 53.6 3.01 2.65(5) -10.5
EE/LNG +180 +204 +20.5 <0001 +39.6 +43.7 +29.4 <0001 +0.51 +0.40 | +12.9(5) -0005
1226 1613 32.8 189.7 304.3 65.5 2.97 2.49 -15.2(5)
EE/DRSP | 1146 | 1107 | 2100 | “9%%%| 338 | 1356 | 2384 | <9990 i043 | 1020 | 2104 | 99!
1257 1456 16.8 218.5 253.2 17.3 2.83 2.72 -2.4(5)
E4/DRSP +150 +186 +15.9 <0001 +39.0 +42.6 +16.5 <0001 +0.39 +0.32 +15.8 1632
P-valuet .6167 .0042 .0010 / .0054 <.0001 | <.0001 / .2636 .0275 .0013 /
Time to peak (min) mVRI (hM/min
Relative t P-value had been estimated by
Baseline | Baseline diff. P- Baseline e R‘.?Iatl,:/ e P- using ?n ordlqary one-way ANOVA. A
(%) value 6 diff. (%) | value | Tukey's multiple comparisons test,
672 =47 18.0 o 6 107.1 105.0 with a single pooled variance has
EE/LNG +1‘ -8 +d o1 -+8.5 <.0001 +1§O +29.6 +56.4 <.0001 been run to assess the difference
—= — —= ——= —<= = between the groups. P-value <.05 are
EE/DRSP +6d7921 +561538 -5510 <.0001 +5125.88 i;ig i;l;g <.0001 considered statistically significant.
6.02 5.79 -3.2 72.2 87.2 24.3
E4/DRSP +0.80 +0.78 +12.2 0747 +23.0 +28.5 +27.9 <0001
P-valuet .0078 .0046 <.0001 / .0004 .0001 <.0001 /
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Differences at baseline are observed depending on treatment arm: E4/drospirenone
arm has statistically higher peak (mean difference versus EE/levonorgestrel: 26.0 nM
[95%Cl: 2.1-49.9(5) nM] and versus EE/drospirenone: 28.8(5) nM [95%Cl: 5.9(5)-
51.7(5) nM]), higher mVRI (mean difference versus EE/levonorgestrel: 16.5 nM/min
[95%Cl: 3.9-29.1 nM/min] and versus EE/drospirenone: 19.4 nM/min [95%Cl: 7.3-
31.4 nM]) and a shorter time to peak (mean difference versus EE/levonorgestrel:
0.70 min [95%Cl: 0.07-1.33 min] and versus EE/drospirenone: 0.70 min [95%Cl: 0.1-
1.30 min]). After 6 cycles of treatment, no statistically significant difference is
observed between EE/levonorgestrel and EE/drospirenone groups (P>.05; Figure
111.2.3). On the other hand, the ETP, the Peak and the mVRI are significantly lower in
the E4/drospirenone group compared to EE/levonorgestrel and EE/drospirenone
while the Lag Time and the Time-to-peak are significantly higher in the
E4/drospirenone group compared to EE/drospirenone, but not compared to
EE/levonorgestrel. In addition, mean values of all TGA parameters are within the
reference intervals (2.5%-97.5" percentile of the entire baseline cohort) for
E4/drospirenone while mean ETP and Peak are out of ranges for both EE-containing
products and the mean mVRI is also outside the reference range for
EE/drospirenone. As shown in Table 111.2.3 depending on the TGA parameter, up to
32% of values are outside the reference ranges for E4/drospirenone while they reach
79% for EE/drospirenone and 58% for EE/levonorgestrel.

Table I11.2.3 | Reference intervals ([2.5th — 97.5th percentile] of the entire baseline
cohort) of thrombin generation parameters and out of range results after 6 cycles of
treatment.

ETP Peak Height  Lag time Time to mVRI
(nM.min) (nM) (min) peak(min) (nM/min)
Reference g6 1562 119.6-282.0 2.09-3.80  5.00-8.64 24.8-111.0
ranges
E(Erﬁlz\lsG) 10 (42%) 14 (58%) 0(0%) 6 (25%) 10 (42%)
EE(/:Z: 18(64%)  22(79%)  2(7%)  12(43%) 19 (68%)
E4(/r?§i|; 11(32%)  9(26%)  0(0%)  5(15%) 9 (26%)
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Change from baseline

Compared to the baseline, the ETP, the Peak and the mVRI are statistically different
in all study arms after 6 cycles of treatment. The Lag time and the Time to peak are
only statistically reduced in EE/levonorgestrel and EE/drospirenone arms (Figure
1.2.3). These temporal parameters are not influenced by the intake of
E4/drospirenone. These data and the relative changes from the baseline (%) for each
TGA parameters are summarized in Table 11l.2.2 and Figure 111.2.4. All TGA
parameters are statistically less impacted by E4/drospirenone than
EE/levonorgestrel or EE/drospirenone. There is no statistical difference between
EE/levonorgestrel and EE/drospirenone.
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DISCUSSION

Haemostasis is a finely balanced physiological process and even if CHC-induced
changes of coagulation factors often remain within the normal range of the
population, the supra-additive effect tends to increase the total thrombogenicity.
Haemostatic changes induced by CHCs involve levels of fibrinogen, prothrombin,
FVII, FVIII, FIX, FX, FXII, AT, protein C, protein S, and TFPI (Douxfils, Morimont, &
Bouvy, 2020). Over the past 30 years, many studies have been conducted to assess
the impact of the different CHCs on the coagulation system (Douxfils, Morimont, &
Bouvy, 2020) and overall, these have revealed that the effect on haemostasis
depends on the type of oestrogen, their dose, and their association with progestin
(de Bastos et al., 2014; Jick et al., 1995; Kemmeren et al., 2001; Morimont, Haguet,
et al., 2021; Norris et al., 1996; World Health Organization Collaborative Study of
Cardiovascular Disease and Steroid Hormone Contraception, 1995).

In this study, thrombin generation was assessed in a cohort of women treated for 6
cycles with either E4 in association with drospirenone, EE in association with
levonorgestrel or with drospirenone. The global representation of the impact of
these therapies on thrombin generation is illustrated by mean thrombograms on
Figure 111.2.2. This simple visual analysis demonstrates the distinct impacts of these
therapies on the global coagulation process.

Namely, the mean [t95%ClI of the mean] thrombogram of women on
E4/drospirenone during 6 cycles does not exceed the reference baseline interval
contrary to EE/levonorgestrel and EE/drospirenone groups. This visual evaluation is
confirmed by the quantitative analyses performed on the different TGA parameters,
i.e., Lag time, Time to peak, Peak, ETP and mVRI (Table 11l.2.2 and Table 111.2.3). After
6 cycles, all TGA parameters were statistically less impacted in the E4/drospirenone
group compared to EE/levonorgestrel and EE/drospirenone. Importantly, the
changes from the baseline were also always statistically smaller in the
E4/drospirenone group whatever the TGA parameter considered. On the other hand,
no statistical difference was observed between EE/levonorgestrel and
EE/drospirenone although some parameters like the Lag time, the mVRI and to a
lesser extent the Time to peak could be less impacted in the EE/levonorgestrel group
compared to the EE/drospirenone group but without reaching the significance level.

Thrombograms, however, revealed differences at baseline depending on treatment
arm. Indeed, the mean thrombogram at the baseline in the E4/drospirenone group
was shown to be higher for the Peak, the Time to peak and the mVRI parameters
(Table 111.2.2 and Figure 111.2.3). This observation is nevertheless mere coincidence
as participants were first stratified by previous hormonal contraceptive use and by
age, and then the assignment to one of the 3 treatment arms (i.e., E4/drospirenone,
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EE/levonorgestrel or EE/drospirenone) was performed using a computerized
random allocation sequence. We searched for possible disproportion in the
repartition of previous CHC users among the 3 treatment arms. No significant
difference was observed between former users and nonusers among each treatment
arm, for all TGA parameters (P>.05, unpaired t-tests) except for mVRI in the
EE/drospirenone group (P=.046). On the other hand, compared to EE/levonorgestrel
and EE/drospirenone, the mild observed hypercoagulable state at the baseline,
along with the smaller impact on thrombin generation after 6 months of treatment,
reinforce the conclusion that E4 in association with drospirenone induces fewer
procoagulant changes than EE/levonorgestrel or EE/drospirenone. This should be
perceived as an additional advantage of E4/drospirenone over EE/levonorgestrel and
EE/drospirenone since the absolute thrombogram after 6 cycles is lower than the
ones of EE/levonorgestrel and EE/drospirenone even in a population showing a more
procoagulant state at baseline.

Added to the results on the APCR?, these data mean that the global effect of an
association of 15mg E4 with 3mg drospirenone has less impact on the entire
coagulation than EE 30ug with levonorgestrel 150ug and EE 20ug with drospirenone
3mg. The mean thrombogram of the E4/drospirenone group, along with all TGA
parameters, standing within the reference ranges clearly delineates the neutral
profile of this association on thrombin generation. Mean changes in ETP, Peak
height, Lag time and Time to peak were below 20% while mVRI (a very sensitive TGA
parameter) was only impacted by 24% whereas it is impacted by 105% and 144% in
the EE/levonorgestrel and the EE/drospirenone groups (Table 111.2.2). Moreover, the
different thrombograms along with TGA parameters between E4/drospirenone and
EE/drospirenone strongly indicates that the lower impact of the new approved CHC,
i.e., 15mg E4/3mg drospirenone is attributable to the difference in its oestrogenic
content and is not related to drospirenone. Besides, the use of 4mg drospirenone
alone revealed to be associated with a low impact on haemostasis parameters
(Chiara Del Savio et al., 2020; Palacios et al., 2019).

The fact that TGA parameters were not significantly influenced by the intake of
E4/drospirenone over the 6-month course of this study is very reassuring. The LETS
study (Leiden Thrombophilia Study) revealed that patients with ETP above the 90%
percentile on the control population were more prone to have a recurrent
thrombotic event, suggesting a correlation between the risk of recurrent VTE and
high ETP (van Hylckama Vlieg et al., 2007). In the combined LITE (Longitudinal

2 These results demonstrated that the E4/drospirenone combination has statistically less
impact on the nAPCsr than EE/levonorgestrel and EE/drospirenone after 3 or 6 months of
treatment.
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Investigation of Thromboembolism Etiology) data, participants with Peak height
values above the median were at 74% greater risk of VTE, as compared to those in
the lowest quartile (Lutsey et al., 2009) suggesting that compounds with the highest
impact on thrombin generation are also those who are more prone to be associated
with thromboembolic events. This is also supported by our recent prediction models
using the nAPCsr as surrogate marker for the risk of VTE (Part Il). There is much other
evidence that higher thrombin generation profiles, reflected by higher ETP, Peak
height or mVRI and reduced Lag time or Time to peak, are associated with an
increased risk of occurrence or recurrence of thrombosis (Eichinger et al., 2008; Hron
et al., 2006; Negrier et al., 2017; Tripodi et al., 2008; Tripodi et al., 2007).

Although a comparative phase IV study (i.e., post approval study) will be necessary
to definitively prove the lower VTE risk profile of 15mg E4/3mg drospirenone, the
fact that no VTE event was observed in the US phase Il study evaluating
E4/drospirenone in 1864 women is already reassuring. Also 23% of the study
participants had a BMI higher than 30.0 kg/m?(Creinin et al., 2021) a well-known risk
factor for VTE (Abdollahi et al., 2003), suggesting a low incidence rate using this
formulation. Previous studies of the same magnitude in similar populations using low
risk CHCs (e.g., EE 10ug/norethindrone acetate 1mg, a vaginal ring delivering EE 13ug
and segesterone acetate 150ug per day or EE 30ug/levonorgestrel 120ug) have
reported higher absolute numbers of VTE events. Three thrombotic events were
reported among 1683 (0.2%) US women using EE 10ug/norethindrone acetate 1mg,
of whom 18% were obese (Archer et al., 2013). Four VTE occurred among
1188 (0.3%) US women using a vaginal ring delivering EE 13ug and segesterone
acetate 150ug per day (Gemzell-Danielsson et al., 2019) and 4 VTE occurred
among 2031 (0.2%) USwomen, of whom 35% were obese, using a new
contraceptive patch with dosing equivalent to an EE 30ug/levonorgestrel 120ug oral
contraceptive pill (Nelson et al., 2021). Thus, even with low dose EE-containing CHCs,
the thrombotic risk is still elevated substantially and higher than the one observed
during the clinical development of E4/drospirenone. This may be in part explained
by the unique mode of action of E4 which acts differently on the liver, potentially
reducing the risk of VTE.

However, in the real world (i.e., outside the setting of the clinical study in which
exclusion criteria permit selecting a low-risk population) the inclusion of women with
an unknown coagulopathy at the time of contraception initiation is unavoidable due
to the current screening strategies. As previously described (Morimont, Haguet, et
al.,, 2021), the presence of a genetic mutation (i.e., FVL, prothrombin G20210A
mutations, protein C, protein S and antithrombin deficiencies) with CHCs leads to a
synergistic and amplificative (rather than an additive) prothrombotic effect.
Although contraindicated, cases of exposure in such population will occur and may
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inform on the amplificative effect of these prothrombotic conditions in presence of
E4/drospirenone. In a perspective, this could allow the computation of a synergy
index for E4/drospirenone, similar to what was done by Hugon-Rodin et al.(Hugon-
Rodin et al., 2018) and Khialani et al. (Khialani et al., 2020) with other CHC
preparations. Finally, this will permit us to appreciate the contribution of
E4/drospirenone on the global prothrombotic profile of a woman.

CONCLUSION

In conclusion, an association of 15mg E4 with 3mg drospirenone does not have an
impact on thrombin generation compared to EE-containing products which, either
associated with levonorgestrel or drospirenone, are able to increase the production
of procoagulant factors and decrease the production of anticoagulant ones, shifting
the patient to a prothrombotic state. Ethinylestradiol-containing products thus
generate prothrombotic environments contrary to E4 which demonstrates a neutral
profile on haemostasis. Although this must be confirmed by data obtained from a
post-approval study, a previous experience with oestradiol in association with
nomegestrol acetate has permitted to validate the concept that these surrogate
biomarkers may reflect the VTE profile of a specific CHC compared to a reference
association (Gaussem et al., 2011; Reed et al., 2021). This further suggests that
E4/drospirenone is less likely to be associated with VTE risk compared to EE-
containing products.
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INTEREST IN OTHER HORMONE-INDUCED COAGULOPATHIES

HORMONE THERAPY IN MENOPAUSAL WOMEN

The use of menopausal replacement therapy (MRT) remains a matter of concern
regarding the risk of VTE. Compared to nonusers, oral preparations containing either
conjugated equine oestrogen (CEE) or oestradiol (E2) are associated with an
increased risk of VTE. In non-hysterectomized women, combinations of CEE or E2
with medroxyprogesterone acetate or norethisterone further increase the risk of
VTE, underlying the impact of the associated progestin on the prothrombotic risk.
(Manyonda et al., 2020; Vinogradova et al., 2019).

As with combined oral contraceptives (COCs), MRT induce changes in plasma levels
of almost all proteins involved in coagulation and fibrinolysis (Blondon et al., 2014;
Canonico, 2015; Harrington et al., 2017; Smith et al., 2014). Increases in Fll, FVIII or
FX levels and/or decreases in protein S and TFPI levels induce acquired activated
protein C resistance (APCR) (Brenner, 2004; de Visser et al.,, 2005; Douxfils,
Morimont, & Bouvy, 2020; Morimont, Haguet, et al., 2021) and this phenotype, both
in COC- and MRT-users, has been linked to an increased risk of VTE (Canonico et al.,
2010; de Visser et al., 2005; Douxfils, Morimont, & Bouvy, 2020; Eilertsen et al., 2019;
Morimont, Dogné, et al., 2020; Morimont, Haguet, et al., 2021).

In 2021, estetrol (E4) in association with drospirenone was commercialized as a new
COC. The favourable profile of E4-containing product on haemostasis has been
discussed in Part Ill. Nevertheless, this new active substance also showed promising
results to relieve postmenopausal symptoms such as vasomotor symptoms (VMS)
(Abot et al., 2014; Arnal et al., 2017; Foidart et al., 2019; Gerard et al., 2022) and
genitourinary syndrome of menopause (GSM) (Gaspard et al., 2022). Last December
22" Gedeon Richter Plc. and Mithra Pharmaceuticals announced that they had
signed a Binding Term Sheet for the commercialization of Donesta®, an orally-
administered E4-based MRT product (Richer and Mithra sign binding Heads of Terms
for commercialization of Donesta).

Apart from its beneficial effect for relieving postmenopausal symptoms, the E4Relief
Phase Il trial confirmed that E4 had a low impact on haemostasis (Douxfils, Gaspard,
et al., 2022). The endogenous thrombin potential (ETP)-based APCR assay revealed
a relative increase of the normalized activated protein C sensitivity ratio (nAPCsr) of
41.9% with the highest dose of E4 (i.e., 15mg), after 12 weeks of treatment. This
increase was similar to the increase observed after 3 cycles (corresponding
approximately to 12 weeks of treatment) in women treated with E4
15mg/drospirenone 3mg (i.e., relative increase of 39.5%) (Figure IV.1). Compared to
ethinylestradiol (EE)-containing products used in contraception for which the nAPCsr

143



Part IV

was increased by 165% (EE/levonorgestrel) and 229% (EE/drospirenone) at cycle 3,
E4 either administered alone in postmenopausal women or in combination with
drospirenone in contraception seems to have a neutral profile on this global
coagulation marker (Douxfils, Klipping, et al., 2020).

As shown in Figure IV.1, the impact of other MRT on the nAPCsr has been previously
evaluated, although it was not with the new sensitive method developed by
QUALIblood s.a. (Douxfils, Morimont, Delvigne, et al., 2020) Post et al. reported a
28% relative increase with transdermal E2 at a dose of 50ug (Post, Christella, et al.,
2003), and increases above 100% with different oral preparations containing 173-E2,
alone or in association with a progestin (Post, Christella, et al., 2003; Post et al., 2002;
Post, van der Mooren, et al., 2003). These data support the hypothesis that oral E4,
with its different pharmacological profile compared to oral CEE or oral E2, has a
lower impact on the liver and on haemostasis.
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Figure IV.1 | nAPCsr relative change from baseline of COCs and MRTs.
*(Post, Christella, et al., 2003; Post et al., 2002; Post, van der Mooren, et al., 2003)

As discussed in Part lll, the ETP-based APCR assay also permits the extraction of
thrombin generation data (using thrombograms generated under the negative-APC
condition), allowing the assessment of the coagulation process in its entirety. As TGA
has been shown to be sensitive to the synergistic haemostatic alterations induced by
MRT (Hemker et al., 2003), we studied the impact of multiple doses of E4 (issued
from the E2Relief phase Il trial) on thrombin generation.
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Population (i.e., postmenopausal women) included in this trial being different

compared to the one described in Part Il (i.e., women of childbearing age); new

reference ranges (2.5"-97.5" percentile) were established based on baseline

thrombograms of this cohort of postmenopausal women (n=131) (Figure IV.2).
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After 12 weeks of treatment with E4 (2.5, 5, 10 and 15mg) or placebo, mean
thrombograms remained within the reference ranges, supporting the claim that E4
has no clinically relevant impact on haemostasis in this population (Figure 1V.2).

The evolution of the different TGA parameters from baseline to week 12 are shown
in Figure I1V.3. At the level of the individual, the impact of E4 on thrombin generation
is limited since few subjects have abnormal TGA parameters after 12 weeks of
treatment (n=13; >3 TGA parameters outside reference ranges). Also, for 3 of these
patients, at least 1 TGA parameter was already outside the reference range at
baseline.

Changes from baseline were statistically significant compared to placebo for all TGA
parameters with the highest dosage of E4 (Figure IV.5). However, the high thrombin
generation curves observed in the placebo group at baseline undoubtedly influenced
the change from baseline in this group and therefore influence the difference
between the E4 groups and the placebo when comparing the changes from baseline.
This observation is confirmed by the fact that when comparing only the time point
after 12 weeks of treatment (Figure 1V.4), none of the E4 doses showed statistically
different ETP, Peak, Time to peak, Lag time or mVRI results compared to the placebo

group.

This study on thrombin generation confirms the current evidence of the weak impact
of E4 on haemostasis in postmenopausal women. After having demonstrated that E4
only minimally influences nAPCsr, these results reveal that its impact on thrombin
generation, a global coagulation test sensitive to the changes induced by oestrogenic
compounds, is negligible and not clinically relevant. This is in line with the data
obtained with E4 in contraception (and discussed in Part 1ll) which suggested a safer
haemostatic profile compared to EE. When comparing these results with the
literature, it appears that oral E4 has probably a similar impact on thrombin
generation than transdermal E2 (Scarabin et al.,, 2011). Obviously, a direct
comparison would be required to confirm this observation but the current
knowledge about its pharmacological profile provide rational to this statement.
Further studies are needed to confirm these results, but accumulating evidence is
reinforcing the message that E4 has a neutral profile on haemostasis. Results from
the phase Il program will provide important additional information on the safety
profile of E4 in menopause.
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TAMOXIFEN IN OESTROGEN DEPENDENT BREAST CANCER PATIENTS

Breast cancer is the most prevalent cancer in women worldwide, and oestrogen
receptor (ER) positive (ER+) breast cancer represents approximately 75% of all breast
cancer diagnosed (Institute, 2019; Patel et al., 2018). Overall, women diagnosed with
breast cancer have a 3- to 4-fold increased risk of VTE as compared to healthy women
of an equivalent age (Cronin-Fenton et al., 2010; Walker et al., 2013). Previous
studies have identified several risk factors of VTE in breast cancer patients, including
the use of tamoxifen (Walker et al., 2016). Despite being generally well tolerated,
tamoxifen use is associated with a higher incidence of VTE compared to nonusers or
users of other therapy, such as aromatase inhibitors (Lin et al., 2018; Onitilo et al.,
2012). During the first 3 months of tamoxifen therapy, a 5-fold increased risk of VTE
has been observed (Walker et al., 2016) and at five years, the risk is reportedly 2 to
3-fold compared to nonusers (Cuzick et al., 2007; Duggan et al., 2003; Mandala et
al.,, 2012; Veronesi et al.,, 2007). Additionally, the risk of VTE was found to be
approximately 1.4-fold higher than in patients taken aromatase inhibitors (Xu et al.,
2019).

The recognized impact of tamoxifen on haemostatic parameters involves an increase
in coagulation FVIII levels as well as decreases in antithrombin, TFPI and protein C
levels (Cosman et al., 2005; Cushman et al., 2003; Erman et al., 2004; Mannucci et
al., 1996). There are conflicting results regarding fluctuations in fibrinogen and
protein S levels as well as APCR (Blondon et al., 2022; Cushman et al., 2003; Ruhl et
al., 2014). The latter could be attributed to the lack of a standardized methodology
as it was the case with COCs and extensively discussed in Part I. Now that the ETP-
based APCR assay is validated, we assessed the effect of tamoxifen on APCR and on
TGA parameters (in absence and presence of exogenous APC) in patients receiving
tamoxifen as adjuvant treatment of ER+ breast cancer following successful tumour
resection.

Overall, 25 patients in remission from ER+ breast cancer using tamoxifen as adjuvant
therapy for at least 4 weeks without interruption were included. Among the 25
patients, 2 were known to have a heterozygous FV Leiden (FVL) mutation.

To assess the impact on nAPCsr and TGA parameters, an age- and BMI-matched
control group was used. This control group corresponded to the cohort of
postmenopausal women (n=131), as described above.

As shown in Figure IV.6, thrombograms revealed a hypercoagulability shift as
evidenced by increased thrombin generation in patients treated with tamoxifen as
compared to the control group.
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Figure IV.6 | Thrombograms in absence and presence of exogenous APC in tamoxifen
users versus the reference population

Mean thrombograms of the control group (n=131) is represented by the continuous yellow line,
while the 2.5t - 97.5th percentiles are represented by the dotted yellow line. The green line
represents the mean + 95%CI thrombogram of patients taking tamoxifen (n=23).

This was confirmed by the quantitative analysis of the TGA parameters, presented in
Figure IV.7. The higher peak height observed in the tamoxifen group is consistent
with the results of previous studies, which showed an association of increased peak
height with higher risk of a first deep venous thrombosis, in patients with cancer (Ay
etal,, 2011; Hron et al., 2006; Lutsey et al., 2009; Pabinger et al., 2013; van Hylckama
Vlieg et al., 2007) and those without (Tans et al., 2003). The shorter lag time
observed in the tamoxifen group could also be related to decreased TFPI levels, as
low plasma circulating levels of this anticoagulant protein potentiate the initiation
phase of the coagulation, therefore contributing to a prothrombotic profile (Dahm
et al., 2003; de Visser et al., 2005; Dielis et al., 2007).

In presence of exogenous APC, the mean thrombogram was within the upper part of
the reference range (Figure IV.6) and the individual TGA parameter analysis revealed
a mean ETP above the upper limit (Figure IV.7). This resulted in a significantly higher
nAPCsr value for the tamoxifen group (mean +SD, 3.18 +0.91) compared to the
control group (mean SD, 2.19 +0.92).
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This acquired APCR observed in patients taking tamoxifen could be explained, at
least in part, by decreases in TFPI. The anticoagulant activity of TFPI lies in its ability
to inhibit factor Xa and subsequently TF and factor Vlla by forming an inactive FXa-
TFPI-TF-FVIla quaternary complex. When TFPI levels are reduced, there is an increase
in FXa levels, and FXa has shown to protect FVa from inactivation by APC. Recent
data also reports that protein arginine deiminase type IV (PAD-4), a protein involved
in neutrophil extracellular traps (NETs) (Morimont, Dechamps, et al., 2022) may lead
to TFPI modification at arginine 107, which results in loss of anti-factor Xa activity
(Thomassen et al., 2023). As NETosis has been reported in women with breast cancer
(Snoderly et al., 2019), one cannot exclude that even patients in remission may be
more prone to generate NETs, further contributing to this procoagulant profile and
areduced sensitivity to APC (de Visser et al., 2005; Didembourg et al., 2021). Another
factor known to influence the ETP-based APCR assay is free protein S levels (de Visser
et al., 2005). As also described in Part 1.4, this protein normally forms a complex
with APC to efficiently inactivate FVa and FVIlla, and if protein S levels are decreased,
the proteolytic cleavage of FVa by APC is no longer effective, resulting in delayed FVa
inactivation and increased thrombin formation (de Visser et al., 2005). Nevertheless,
the impact of tamoxifen on protein S levels is controversial, and this proposed
explanation thus remains hypothetical.

In this study, two patients were heterozygous for the FVL mutation, and they
expressed nAPCsr values of 4.40 and 4.89. These high nAPCsr values, standing above
the 75 percentile of the entire cohort study, were consistent with our assumptions
that tamoxifen in the setting of FVL mutation may have a synergistic effect as
observed in women using COCs (Hugon-Rodin et al., 2018; Khialani et al., 2020) and
previously discussed. Indeed, in Part 1.4, we showed that higher nAPCsr values were
obtained in women with heterozygous FVL mutation taking COCs as compared with
COC use or FVL mutation alone (Morimont, Donis, et al., 2022). A similar association
might therefore exist between FVL mutation and tamoxifen use through its
oestrogenic agonist activity, which is thought to be responsible for the increased risk
of VTE (Eroglu et al., 2011; Eroglu et al., 2003). In addition, a case-control study by
Garber et al. demonstrated that women taking adjuvant tamoxifen for early-stage
breast cancer had an increased risk of VTE if they carried the FVL mutation (OR of
4.73) (Garber et al., 2010).

This study is however limited by its small sample size, as well as the lack of a real
time matched control. In the future, a longitudinal cohort study including patients
before the initiation of tamoxifen therapy would be required to confirm our
exploratory findings. This would allow for the calculation of the baseline risk of VTE
in these patients, and subsequent testing at several time points during treatment
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would provide a detailed assessment of the impact of tamoxifen on haemostasis
over time.

In conclusion, this study demonstrated that tamoxifen therapy induced an acquired
APCR, suggesting that the aetiology of tamoxifen induced-VTE is likely like that of
COCs. Further clinical research remains essential to consider the nAPCsr as a
universal scale to determine individual VTE risk when being considered for hormonal
therapies characterized by an oestrogenic activity, including tamoxifen and possibly
other selective oestrogen receptor modulators.

PREGNANT WOMEN

Pregnancy, delivery, and postpartum are associated with many haemostasis
complications as well as significant morbidity or mortality to both mother and foetus
(Pomp et al., 2008). VTE occurs in approximately one in 100 pregnancies, and
pulmonary embolism is a leading cause of maternal death (Kujovich, 2004). The risk
of VTE is 5-fold higher during pregnancy and up to a 20- to 60-fold in the postpartum
period (i.e., during the first 6 weeks after delivery) compared to non-pregnant
women (Heit et al., 2005; Jackson et al., 2011; Pomp et al., 2008).

During normal pregnancy, the haemostatic balance changes to a hypercoagulable
state to limit bleeding complications at delivery. This shift to a prothrombotic
tendency is explained by increases in numerous coagulation factors (FVII, FVIII, FX,
Von Willebrand and fibrinogen levels); decrease of protein S activity and reduced
fibrinolytic activity (by increases in PAI-1 and placenta-derived PAI-2 and a decrease
in t-PA). Markers of in vivo thrombin generation, i.e., prothrombin fragment 1+2 and
thrombin-antithrombin (TAT) complexes, are also increased. (James, 2009;
Rosenkranz et al., 2008). An APCR phenotype, using an aPTT-based assay, has also
been highlighted in pregnant women compared to healthy non pregnant ones
(Mathonnet et al., 1996).

Due to this physiological hypercoagulable state during pregnancy, it is obvious that
thrombophilia represents a non-negligible additional risk factor of VTE. The most
common hereditary thrombophilia observed in women with pregnancy associated
VTE are heterozygosity for FVL and prothrombin (PT) gene mutation and high FVIII
levels (>150% of normal activity). At least 50-75% of thrombotic episodes in carriers
of FVL or PT G20210A mutations are triggered by additional predisposing factors,
with pregnancy as the most common circumstantial risk factor (Kujovich, 2004).
Being able to identify these mutations before, or at least right after the 1%
appointment to the gynaecologist could improve the follow-up of the pregnancy to
reduce the occurrence of thrombotic events by providing closer monitoring.
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Most studies investigating haemostasis during pregnancy assess coagulation and
fibrinolytic factors levels individually and as already explained in previous sections,
this renders the interpretation of the results very challenging. In 2010, Szecsi et al.,
reported gestational age-specific reference intervals for 18 haemostatic laboratory
tests (aPTT, PT, Owren PT, Quick PT, fibrinogen, D-dimers, antithrombin, free and
total protein S and protein S activity, Fll, FV, FVII, FVIII, FIX, FX, FXI and FXII levels)
(Szecsi et al., 2010). A total of 7 blood samples were attempted for each woman,
covering the entire pregnancy, delivery, and postpartum period. Reference intervals
corresponding to the 2.5 and 97.5™ percentile of the cohort, were calculated for
each test and for the gestational periods and included only uncomplicated
pregnancies. The most affected parameters, i.e., which stood outside the expected
ranges (defined in a non-pregnant population) were fibrinogen, D-dimers, protein S
activity, FVII, FVIIl and FIX levels. This study confirmed that these physiological
changes occurring during pregnancy and postpartum are reflected in several
coagulation tests, making usual reference intervals not relevant, hindering accurate
diagnosis and treatment. On this basis, it would seem interesting to propose a global
coagulation test as substitute. Also in 2010, Rosenkranz et al. investigated thrombin
generation in normal uncomplicated pregnancy using the thrombin calibrated
thrombogram and PPP reagent as triggering reagent (+5pM TF and 4uM PLs). They
showed that ETP and peak height parameters were significantly impacted with
gestational age. (Rosenkranz et al., 2008) However, the number of patients included
in this study was limited, and there was only one time point. A larger study
investigating the potential of TGA as a mean to predict alterations of the clotting
system during pregnancy would be necessary.

In this context, the University of Namur in collaboration with QUALIblood s.a. and
the Centre Hospitalier Régional (CHR) of Huy (Huy, Belgium) started a single centre
longitudinal study to assess the baseline and evolution of the thrombotic risk of
pregnant women using the ETP-based APCR assay.

The aim of this study is to assess the coagulability status of women during pregnancy
and postpartum period using a panel of coagulation testing® including the ETP-based
APCR assay and to compare results with the standard procedure (which includes
aPTT testing, international normalized ratio (INR) determination and fibrinogen
levels measurement). In other words, the aim would be to determine whether the
ETP-based APCR assay or other more specific coagulation tests could replace routine
haemostasis testing to estimate the patient’s procoagulable state and the risk of VTE
during pregnancy. In addition, with a sufficiently large number of uncomplicated

3 Additional tests, such as the FibWave, prothrombin fragment 1+2, t-PA, PAI-1, and protein S levels will
be performed.
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pregnancies, we will be able to propose reference ranges for many haemostatic
parameters including nAPCsr, thrombin generation curve and TGA parameters and
this, according to gestational age.

Secondary objectives will consist of analysing the clot formation and assess the
changes of these haemostasis laboratory markers throughout the entire pregnancy
and postpartum.

From a practical point of view, at least 150 pregnant women will be enrolled at the
CHR of Huy. Blood specimens will be collected at inclusion, and at every check-up for
15 months (to cover postpartum period) to fit with the standard of care follow-up
surveillance, thus avoiding additional interventions. In addition, 150 plasmas from
healthy non-pregnant women will be provided by the Namur Biobank-eXchange
(NAB-X), the registered biobank from the University of Namur (Namur, Belgium).

This study has received approval from the ethics committee of the CHR Huy, and
patients’ recruitment should start shortly.
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BeEYOND HORMONAL THERAPIES

The APC resistance phenotype is not only observed with the use of hormone therapy
and this phenomenon has already been described in several pathological conditions.

Antiphospholipid syndrome is characterized by occurrence of thrombosis and/or
pregnancy morbidity with the persistent presence of antiphospholipid antibodies
(Vandevelde et al., 2022). Antiphospholipid antibodies are autoantibodies that are
directed against phospholipid-binding proteins. There are numerous types of
antiphospholipid antibodies including anticardiolipin antibodies associated or not
with anti 2-glycoprotein | (B2GPI) antibodies, anti-phosphatidylethanolamin,
antiphosphatidylserin/prothrombin, or anti-protein S antibodies. Those with in vitro
anticoagulant properties (e.g., anti-B2GP or prothrombin antibodies), are referred to
as lupus anticoagulant (Male et al., 2001; Nojima et al., 2009; Nojima et al., 2005).

The presence of these antibodies is considered pathogenic as they play a substantial
role in thrombosis occurrence, as they are not just serological markers of
antiphospholipid syndrome. One plausible mechanism hypothesized to explain the
antiphospholipid-induced thrombosis is an acquired resistance to APC. (Male et al.,
2001) As for the aetiology of APCR, several postulates were raised. Anti-32GPI could
induced a conformational change of B2GPI, increasing its affinity for anionic
phospholipids (PLs) on endothelial cell surfaces. This would lead to a competition
with components of the APC system, as binding sites on the PLs surface are limited
(de Laat et al., 2008). Similar phenomena were also observed with
anticardiolipine/B2GPI  and  antiphosphatidylserin/prothrombin  antibodies
enhancing the binding of B2GPI and prothrombin to negatively charged PLs
(Devreese et al., 2017; Nojima et al.,, 2005). In other words, theses antibodies-
antiphospholipid-binding protein complexes may lead to indirect inhibition of PLs-
dependant reactions of the APC pathway, slowing down the inactivaiton of FVa and
FVllla. Anti-protein S antibodies would act differently by being responsible for a
protein S deficiency, with an effect on protein S activity rather than protein S antigen
levels (Nojima et al., 2009). These assumptions represents an open door for the
nAPCsr as the ETP-parameter, reflecting the total amount of thrombin generated
over time might be a better indicator of the thrombotic risk than clotting times,
which only reflect the initiation phase of the coagulation (Regnault et al., 2003;
Velasco-Rodriguez et al., 2020; Wahl et al., 2009; Zuily et al., 2012).

Another disease well known for its high heterogeneity is cancer. The risk of VTE in
cancer patients is approximately 4-fold that of a healthy population and is even
higher with haematological malignancy. The underlying aetiology of cancer-induced
thrombosis is complex but one of the underlying mechanisms could be attributed to
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acquired APCR. This resistance to APC can be explained in different ways depending
on the tumour. For example, increases in procoagulant factors levels (and especially
factor FVIII) observed in patient with solid tumours seems to contribute to APCR
while in patients with haematological malignancies, APCR is more likely to be
associated with decreases in protein S and TFPI levels (Negaard et al., 2008). Also,
NETosis, a complex immune process, is very likely to be involved in cancer-associated
thrombosis. The enzyme peptidyl arginine deiminase 4 (PAD4), which is an important
contributor of the NET formation, is highly expressed in many cancers (Demers et al.,
2014). It was suggested that PAD4 may lead to TFPI modification at arginine 107,
resulting in a loss of anti-factor Xa activity (Thomassen et al., 2023), further
contributing to this procoagulant profile and a reduced sensitivity to APC. Through
this heterogenous pattern, the ETP-based APCR assay might be relevant. Indeed,
with its low specificity but high sensitivity, the test could detect any APCR phenotype
regardless of the cause while conventional aPTT-based assay would probably not.

TOWARDS A BIOMARKER QUALIFICATION

In October 2022, the plasma coagulation inhibitors subcommittee of the
International Society on Thrombosis and Haemostasis Scientific and Standardization
Committee made a communication on FVL independent-APCR evaluation, and the
ETP-based APCR assay stood apart (Moore et al., 2022).

The efforts our team has put on for more than 4 years to demonstrate the interest
of the nAPCsr as an assessment tool of COC-associated thrombotic risk, have finally
paid off. Nevertheless, this test is not yet available in most laboratories because its
implementation into routine clinical practice requires it to be recognized as a
biomarker for VTE risk assessment.

Its validation as a biomarker by regulatory authorities would clearly simplify its
harmonized use across CHC-developers and would represent a major step for its use
in precision medicine (Bakker et al., 2022).

As defined by the National Institutes of Health (NIH) Biomarkers Definition Working
Group, a biomarker is “a characteristic that is objectively measured and evaluated as
an indicator of normal biological processes, pathogenic processes or pharmacologic
responses to a therapeutic intervention” (Baker et al., 2020). The nAPCsr clearly fits
with this definition and could fall under the term of safety biomarker and reasonably
likely surrogate endpoint (Bakker et al., 2022; FDA-NIH Biomarker Working Group,
2020).

According to the BEST (Biomarkers, EndpointS and other Tools) definition (FDA-NIH
Biomarker Working Group, 2020), a safety biomarker is measured before or after
exposure to a medical intervention or environmental agent to indicate the likelihood
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of an adverse event occurrence. The periodic monitoring of safety biomarkers is of
interest for the detection and the management of side effects as they would signal
a risk of adverse effect prior to clinical signs and before any irreversible damage
occurs. In this context, the nAPCsr could be used as a safety biomarker to predict the
VTE risk induced by COC use, and to identify women for whom COC should not be
initiated because of significant safety risks. This approach of proactively testing
women for APCR before the initiation of a contraceptive therapy would allow
precision medicine, as the goal would be to define the appropriate contraceptive
therapy based on a biological measurement, i.e., the nAPCsr. Nevertheless, we could
go even further and consider personalized medicine as the best way to prescribe the
right treatment to the right person, should rely on available biological information
(e.g., nAPCsr), as well as patient’s personal preference, environmental and social
factors.

The nAPCsr might also have the potential to become a surrogate. Indeed, for a
biomarker to qualify as a surrogate, the biomarker must not only be correlated with
the outcome, but the change in the biomarker must “explain” the change in the
clinical outcome. The term “explains” invokes statistical inference, which can only be
made with confidence if the observation is made in multiple therapies that all change
the biomarker (Califf, 2018). Based on this statement, the correlation between
nAPCsr and VTE risk has been demonstrated in our exploratory model (described in
Part ll), and changes in APCR levels explain changes in VTE risk as this observation
has been made with multiple COCs.

Behind the surrogate endpoint denomination, there are 3 terms, the “candidate”,
the “reasonably likely” and the “validated” surrogate endpoints depending on
clinical validation level. In our opinion, the nAPCsr might fall into the reasonably
likely surrogate endpoint category, which is supported by strong mechanistic and/or
epidemiologic rationale such that an effect on the surrogate endpoint is expected to
be correlated with an endpoint intended to assess clinical benefit in clinical trial, but
without sufficient clinical data to show that it is a validated surrogate endpoint (FDA-
NIH Biomarker Working Group, 2020). In our case, the use of the nAPCsr as a
surrogate endpoint is appealing because it would allow to dress far more rapidly and
easily the safety haemostatic profile of new COC in clinical trials. However, to date,
post-authorization safety studies remain essential. In this case, the recognition of
the nAPCsr as a reasonably likely surrogate endpoint could help pharmaceutical
companies developing new COCs to directly provide information about VTE risk
before population-based phase 4 trials are completed.

In definitive, challenges in the coming years will be to promote the use of the nAPCsr
in clinical laboratories to add the test to the analysis request form. The project is
currently being initiated at the clinic CHC Mont Legia (Liege, Belgium) and discussions
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are opened with hospitals in the other Wallonia provinces (Namur, Hainaut, and
Brussels). At the same time, we will draft the dossier to be submitted to the EMA to
obtain the biomarker qualification.

CONCLUSION

Throughout this thesis, we focused on hormone-induced coagulopathies and more
specifically to the impact of COCs on the coagulation process. As healthcare
professionals, we are concerned by iatrogenic effects of medicines and the birth
control pill is one of the most widely used drugs worldwide. Moreover, as
contraceptive therapies are administered to healthy young women with the aim to
prevent unwanted pregnancies, the occurrence of side effects should be as low as
possible and risk minimization strategies should be implemented accordingly.

In this context, we have been working for the past 4 years in optimizing a global
coagulation test. The ETP-based APCR assay was validated according to regulatory
requirements and through this standardization, we have proposed a VTE risk
prediction model for COC use. Indeed, the nAPCsr showed a strong correlation with
VTE relative risk determined by long-term epidemiological studies, for several
oestroprogestin associations. In the future, this model, if validated, could serve as a
surrogate biomarker to avoid waiting almost a decade before positioning on the
potential VTE risk of new COCs. In addition, it would be useful, on one hand, for
individual VTE risk assessment before initiation of a contraceptive therapy and on
the other hand, for identifying an abnormally high thrombotic risk in women already
on the pill.

This thesis being dedicated of arguing strategies for minimizing the thrombotic risk
associated with COCs, the recently commercialized E4-based product should
obviously be part of the debate. Estetrol is a native oestrogen produced by the
human foetus during pregnancy and has a pharmacological profile distinct from that
of other oestrogens. Indeed, it is the first Native Oestrogen with Selective action in
Tissues (NEST), acting as an agonist through ERa located in the nucleus but as an
antagonist on the ERa-dependent MISS pathway. Through this specific
pharmacodynamic profile, E4 has an agonist activity in the uterus, in the brain, and
in bones; a mixed agonist/antagonist activity in the breast, and an almost neutral
activity on the liver. The latter explains, at least in part, the lower impact of this new
COC on haemostasis. Indeed, E4 associated with drospirenone showed a moderate
increase of the nAPCsr compared to EE-containing COCs as well a non-clinically
relevant increased thrombin generation compared to nonuser women. This is of
paramount importance, as fears about COC continue to grow and this new birth
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control pill could be a safe alternative for women wishing to use a contraception by
the oral route, but reluctant with EE-containing COC use.

Using a combined oral contraceptive is not the only situation leading to a hormone-
induced coagulopathy in women. When they stop their contraception and become
pregnant, their thrombotic risk increases even more as the haemostatic balance
changes to a hypercoagulable state to limit bleeding complications at delivery. In the
continuum of life stage for women, the menopause happens, and the associated
symptoms may lead to the use of menopausal replacement therapies, which are
associated with an increased risk of VTE. Still related to hormones, oestrogen-
dependent breast cancer is one of the most prevalent cancers in women and the use
of tamoxifen has been identified as an additional risk factor for VTE in these patients.
As a perspective, we obviously see an interest in using the nAPCsr to monitor the
coagulability status of women, during these periods of their lives. Finally, the scope
of this test goes beyond hormone-induced prothrombotic states and might be
relevant in other pathologies such as haematological cancer and antiphospholipid
syndrome.

In definitive, as the Chinese philosopher Confucius once said, “a picture is worth a
thousand words”. As illustrated in the picture below, many situations (physiological,
iatrogenic, or pathological) can lead to an APC resistance, representing an
independent risk factor of VTE. This phenotype, regardless of the cause, may be
detected by the ETP-based APCR assay, representing an opportunity to assess and
score a hypercoagulable state, to help clinicians with decisions.
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THROMBIN GENERATION ASSAY

The thrombin generation assay (TGA) is performed on a Calibrated Automated
Thrombogram (CAT), a system composed of a microplate fluorometer and a
computer using the Thrombinoscope® software (version 5.0). Briefly the CAT system
enables the recording of thrombin generation in plasma.

Citrated plasma samples are mixed with an activator reagent, STG-ThromboScreen®
-TM, which contains a mixture of tissue factor (+5 pM) and phospholipids (x4 uM) in
a 96-well plate. Coagulation then starts by adding FIuCA kit, containing calcium
chloride (160 nM) and a fluorogenic substrate (Z-Gly-Gly-Arg-AMC). Upon splitting
by thrombin, the fluorescent AMC (7-amino-4-methylcoumarin) is released and
measured with a 390 nm-excitation and a 460 nm-emission filter. For each plasma,
the signal is corrected for substrate consumption, plasma colour variability and inner
filter fluorescence effect by running in parallel calibrating wells in which plasma
samples are mixed with the Thrombin Calibrator™. The Thrombinoscope computer
software finally transforms the fluorescent signals into a quantity of thrombin
generated over time, resulting in a thrombin generation curve named as
Thrombogram (Figure A). This thrombogram reflects all the pro- and anticoagulant
reactions that regulate both thrombin formation and inhibition, rendering the
investigation of the initiation, the propagation, and the termination phase of the
coagulation possible.

The following TGA parameters are extracted from the thrombogram:

= the lag-time (LT), corresponding to the start of thrombin generation
(expressed in min

= the peak height (PH), corresponding to the maximal concentration of
thrombin generated (expressed in nM)

= the time to peak (TTP), corresponding to the time to reach the peak
(expressed in min)

= the endogenous thrombin potential (ETP), corresponding to the area
under the curve (expressed in nM*min)

=  the mean velocity rate index (mVRI), corresponding to the maximal rate
of thrombin generation (expressed in nM/min).

161



Appendix

Thrombin (nM)

200
J / Peak height (PH)
100
Endogenous
4 thrombin
potential (ETP)
0 — ———T7 =2 e—2-= Time (min)

{ —
0 T 10 20 30
Lag time Time to peak

(LT) (TTP)

Figure A | Representation of a thrombin generation curve and associated parameters that
are provided by the software analysing the thrombogram.
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ETP-BASED APC RESISTANCE ASSAY

The ETP-based APC resistance (APCR) assay is based on the principle of thrombin
generation assay (TGA). The activator reagent remains the STG-Thromboscreen® -
TM, but a fixed concentration of activated protein C (APC) (Enzyme Research
Laboratories, United Kingdom) is added for the APC-positive condition. The addition
of APC enhances the APC-protein S anticoagulant complex in the tested plasma. The
resulting effect is a reduction of the ETP, in comparison with the non-APC condition.

The quantity of APC to introduce in the test is defined at each batch change and
targets a decrease of 90% of the ETP of a reference plasma, i.e., a healthy pooled
plasma (HPP) (from men and women not using hormonal contraception, not carrier
of FV Leiden or prothrombin G20210A mutations, and equally distributed).

This HPP is also used for the calculation of plasma samples nAPCsr (Equation 2). In
presence of APC, the ETP-parameter of HPP decreases by 90% (blue curves in Figure
B). On the other hand, in an APC-resistant plasma sample, typically observed in
women using EE-containing products, thrombin generation in presence of APC does
not decrease by 90% and thrombin generation in absence of APC is increased (pink
curves in Figure B), compared to the HPP. On the nAPCsr scale, this transcribes into
a value above 2.08, the upper limit of the normal range.

In practice, as the HPP is produced in small volumes, its use is restricted, so a
commercial reference plasma must be used instead. As the use of the commercial
reference plasma shows APCR compared to the healthy pooled plasma, we apply a
correction factor for the plasma sample nAPCsr calculation (Equation 9).

500 — -APC condition

-------- +APC condition
= Healthy pooled plasma nAPCsr
4009 APC resistance phenotype plasma =

[Thrombin] nM

3004 I
Samplep asmalklh (+APC)/Sample plasma ETP (-APC)
//\\
200 ( Healthy pooled plasma ETP (+APC)/
| \\ Healthy pooled plasma ETP (-APC)
[\
1004 | \
/ » \
o =~
T t 1
0 10 20 30
Time (min)

0.00 2.08 10.00

Figure B | Thrombin generation curves in absence (continuous line) and in presence of
APC (dotted lines) of a healthy pooled plasma (blue) and of an APCR phenotype plasma
(pink) along with the nAPCsr scale
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Equation

EQUATIONS
Equation 1

_ sample aPTT (+APC)
APCsr (aPTT) - sample aPTT (—APC)

Equation 2

Sample plasma ETP (+APC)/
Sample plasma ETP (—APC)

Reference plasma ETP (+APC)/
Reference plasma ETP (—APC)

Equation 3

NAPCsr =

Sample ETP (+APC)

Inhibition % =1 ,
Sample ETP (—APC)

expressed in %

Equation 4

nAPCsr correction factor (F) =

Reference plasma ETP (+APC)/
Reference plasma ETP (—APC)

In house reference plasma ETP (+APC)
In house reference plasma ETP (—APC)

Equation 5

_ Commercial reference plasma ETP (—APC)

ETP correction factor (CF) =

In house reference plasma ETP (—APC)
Equation 6
Critical analytical difference (CD) = 2.77 X estimated CV

Equation 7

Critical SD = % X inhibition percentage with current batch

Equation 8
Acceptability range = inhibition % with current batch + SD critical

Equation 9

Sample ETP (+APC)/
Sample ETP (—APC)

STG—RefPlasma TS ETP (+APC)/
STG—RefPlasma TS ETP (—APC)

Adjusted nAPCsr = * F
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