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1 Introduction

La grippe saisonniere est une maladie infectieespimratoire fréquente, qui se manifeste par un
syndrome grippal associant de la fievre, des mgalgi des signes respiratoires, d’évolution aigle
(2). Elle peut entrainer des complications gravegotentiellement mortelles, en particulier chez
certaines populations a risque comme les persoagéss ou celles atteintes de pathologies
chroniques. Chaque année en France, entre noveshbrars, on recense 700 000 a 4 800 000
consultations pour syndromes grippaux, soit 1 ad&ta population générale (3, 4). A travers le
monde, on compte, selon les épidémies saisonnigrasb millions de cas graves et 250 000 a
500 000 déces par an (2), et sensiblement plugiota survenue de pandémies. Le retentissement
socio-economique de la grippe est estimé en Frar® +/- 2,5 journées de travail perdues par

personne et par épisode grippal, chez les patipmtsonsultent pour un syndrome grippal (5).

Les épidemies de grippe saisonnieres actuellesdsmst au virusnfluenzaede types A et B (6, 7).
Le virus de la grippe de type A comporte de nombaus-types en fonction de deux protéines de
surface qui le composent, 'hémagglutinine (de H11¥) et la neuraminidase (de N1 a N9), et de

leurs différentes associations.

Figure 1: Schematic representation of influenza A virion

Eight ribonucleoprotein segments (RNP) are surrounded by layer of matrix
(M1} protein and lipid bilayer taken from host cell at budding. NS2 [NEP)
protein is associated with M1. Three viral proteins are incorporated into
the lipid bilayer: HA, NA. and M2 protein. HA trimers and NA tetramers

form spikes on the surface of the virion. RNP segments contain viral RNA ’ P
surrounded by nucleoprotein and associated with the polymerase d apres GUbavera LV et
complex. al, Lancet 2000 (1)
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Deux sous-types sont actuellement rencontrés clmeaine lors des épidémies saisonniéres,
A(H1N1) et A(H3N2). Le virus de la grippe de typenB possede pas différents sous-types, mais
deux lignages antigéniquement distincts co-cirdutepuis 1983 selon les différentes régions du

monde, les lignages Victoria et Yamagata.

Exceptionnellement, un nouveau sous-type de vimflaenza de type A peut étre introduit chez
'hnomme. Ce phénomeéne a été observé trois foiscamscdu 20 siécle. Cette introduction d’un
nouveau virus peut résulter d’'un réassortimenté&home entre un virus grippal humain et un virus
animal (virus des pandémies de 1957, 1968 et 2@fi®)j’'une adaptation d’un virus animal a
’homme par accumulation de mutations d’adaptatfpandémie de 1918) (8-12), graphe ci-
dessous. Ces introductions de nouveaux sous-typessi(appelées cassures antigéniques) sont
responsables de pandémies dont I'impact peut étisidérable, tant en terme de mortalité que de
morbidité (13). En effet, ces nouveaux sous-typasr§ent le plus souvent dans des populations
immunologiquement naives ou peu protégées, ce @uasmnne un taux d’'attaque trés élevé, des

formes cliniques plus graves et un taux de Iétalité important que lors de la grippe saisonniére.

1918 1957 1968 Next
—_— — 3 ex:

‘Spanish influenza’ ‘Spanish influenza® ‘Hong Kong influenza’ pandemic influenza

H1N1 influenza virus H2ZN2 influenza virus H3NZ2 influenza virus
k H2ZN2 HIN1 H3 H2N2
E—— avian virus human virus avian virus human virus i -
@ I e o e Avian virus
AIRRE, ¥ Sl ‘—’..--’---__"‘ or
~ | = = = = | = g 2 H3 H3N2
Sy o g : Ty i avian virus human virus
ke LLP QY5

Reassortment Reassortment

Bird-to-human
transmission of H1IN1 virus

1 Haemagglutinin
Neuraminidase

?
All eight genetic segments Three new genetic segments from Two new genetic segments from All eight genes new or
thought to have originated avian influenza virus introduced avian influenza virus introduced further derivative of
from avian influenza virus {H, N, PB1); contained five {H, PB1); contained five 1918 virus

RMNA segments from 1918 RNA segments from 1918

Figure 1 | The two mechanisms by which pandemic influenza originates. In 1918, the ‘Spanish influenza’ HIN1
virus, closely related to an avian virus, adapted to replicate efficiently in humans. In 1957 and 1968, reassortment events
led to, respectively, the "Asian influenza’ HZN2 virus and the ‘Hong Kong influenza’ H3N2 virus. The ‘Asian influenza’
H2N2 virus acquired three genetic segments from an avian species (a haemagglutinin (H), a neuraminidase (N) and a
polymerase (PB1) gene). The *Hong Kong influenza’ H3N2 virus acquired two genetic segments from an avian species
(H and PB1). Future pandemic strains could arise through either mechanism. Figure adapted, with permission, from
REF. 7 © {2005) Massachusetts Medical Society.

d’apres De Clercq, Nature 2006 (14)
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La principale mesure de prévention préconiséedessgrippes saisonnieres est la vaccination des
populations présentant un risque de complicati@b}. Cependant I'efficacité de la vaccination est
actuellement discutée. Elle serait de 59% [IC 956 67%] chez les adultes de 18 a 65 ans, et
reste plus incertaine dans les autres catégoréggdiotamment chez les personnes agées (16). Elle
varie de plus en fonction des années et des tyipssus-types viraux. Plusieurs raisons peuvent
conduire a cette efficacité modeste du vaccin apfigl, comme I'évolution permanente des virus
grippaux (17) ou encore I'immunosénescence diminlzaoapacité des personnes agées a produire
des anticorps en réponse au vaccin (18). Lors dhamelémie grippale un vaccin ne pourrait étre

développé et utilisé qu’au bout de plusieurs mois.

Les agents antivaux constituent des lors une apprtitérapeutique complémentaire. A ce jour,
seuls les inhibiteurs de la neuraminidase (INAkltsnivir et zanamivir, sont utilisables. Les
adamantanes (amantadine et rimantadine) ne sostreommandés en raison de l'existence de
résistances virales (19). Mais l'efficacité des IN#$t également discutée. lIs réduiraient le dédai d
guérison des symptdmes d’'une journée chez lesnpateteints d'une grippe virologiquement
confirmée (20-25). La durée moyenne des symptoraestde 4 jours chez les patients recevant
des INA et de 5 jours sans traitement. lls dimiatest la survenue de complications respiratoires
liées a la grippe chez les patients sains et aejstp survenue des pneumopathies et de facon
générale la prescription de traitements antibi@sq(20-27). lls permettraient enfin de diminuer
I'excrétion virale nasale ce qui pourrait limitargropagation de la maladie (28). Compte tenu de
ces données, les INA sont recommandés par lesitégteanitaires chez les patients a risque de
complications ayant une suspicion de grippe (29, B6s effets secondaires observés les plus
fréquents sont bénins a type de troubles digestifte réactions cutanées (25). Des cas de troubles

neuro-psychiatriques ont été déclarés, mais n'orétpe imputés aux antiviraux (31-33).

Malgré ces études et ces recommandations, la jpt#sordes INA en cas de syndrome grippal

reste controversée. Certains articles récents tente¢n cause les études publiées et mettent en
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avant le fait que les populations étudiées ne comigmt que peu de personnes a risque, en
particuliers de personnes agées, et que le nivequralive concernant I'effet des antiviraux sur la
mortalité et les hospitalisations est faible (Har ailleurs il existerait un biais de publicatisous-
entendant que les études ne démontrant pas d’indigacantiviraux n'ont pas toutes été publiées
(20, 23, 34). Dans ce contexte de fortes contre@gela these proposée ici a pour objectif de mieux
comprendre la place qui devrait étre réservée atixiux (INA) dans le traitement de la grippe

saisonniere et pandémique.
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2 Objectifs

Cette these a pour objectif de mieux comprendptalee qui devrait étre réservée aux inhibiteurs de
la neuraminidase (INA) dans le traitement de laggisaisonniere et pandémique. Afin de répondre
a cette question, plusieurs travaux ont été meaas k& cadre de cette thése. lls ont porté sur les

aspects détaillés ci-dessous.

1) Efficacité d’'une bithérapie associant deux INA date traitement de la grippe

Ce travalil a été réalisé dans le cadre de la gzation active a deux essais cliniques sur I'effita
d'une bithérapie antivirale dans le traitement deglippe saisonniere, en vue d'une possible

pandémie grippale a venir :

- Essai Combina : association d’'une bithérapie asdlia + zanamivir par rapport a une

monothérapie par oseltamivir seul. Résultats pslfBé)

- Essai Bivir: association d’'une bithérapie oseltami zanamivir par rapport a une

monothérapie par oseltamivir ou zanamivir seul.uRats publiés (36).

2) Facteurs associés a la réponse clinique et virotpg chez les patients grippés lors d’un

traitement par INA en monothérapie

A partir des données de I'essai Bivir, une étudallaire a été réalisée pour analyser les facteurs
associés a la réponse clinique et virologique d¢bgzatients traités par oseltamivir ou zanamivir

pour une grippe de type A. Résultats publiés (37).
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3) Efficacité d’un traitement associant deux INA podimiter la transmission de la grippe par

les patients infectés

A partir des données de I'essai Bivir, une secattdde ancillaire a été réalisée pour analysereteff
de la bithérapie oseltamivir + zanamivir sur langmission de la grippe dans les foyers, par rapport

a une monothérapie oseltamivir ou zanamivir seésuRats publiés (38).

4) Prescription et délivrance des INA lors de la pamdi@ grippale survenue en 2009 et lors

des épidémies de grippe saisonniére suivantes

Ce travail a porté sur I'étude de la prescripti@s dNA en soins de premier recours chez les
patients vus en consultation pour un syndrome gtippla délivrance par les officines de villeall
étudié les déterminants de cette prescription etsolution pendant et aprés la pandémie grippale
survenue en 2009. Plusieurs bases de données ithigso®n France meétropolitaine ont été

analysées. Résultats publiés (39).
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3 Etats des lieux des connaissances sur les antivisaantigrippaux

3.1 Histoire

Les travaux concernant les antiviraux antigrippanxcommencé dans les années 1950. lIs sont nés
de la recherche sur les anticancéreux suite adaudérte du concept d’analogues métaboliques
inhibiteurs. Cette découverte a permis I'avénende® anti-métabolites, substances entrant en
compétition avec les substrats naturels requis powurvie des micro-organismes. Ces produits
sont principalement des analogues nucléotidiquenieléosidiques. Ces progrés ont été accélérés
par les avancées de la biologie moléculaire, gunpent de séquencer les génomes des virus de
petites tailles (maximum 300 génes). L'analogudédusidique issu de ces recherches, actif sur le
virus de la grippe, fut la ribavirine synthétisée ¥972, sous le nom de Viraz8equi inhibe la
réplication de plusieurs virus (VRS, adénovirususilnfluenza A et B, ..) par un mode d’action
complexe et mal élucidé (40, 41). Les études nfoantré aucun bénéfice thérapeutique par voie
générale de cet antiviral, avec un risque d’anénaiasitoire et d’hyperbilirubinémie (42). Lors de
I'administration par aérosol, une défervescences phpide et une baisse du temps de portage viral
nasal ont été démontrées initialement (43 , 44)sNés études suivantes ont mis en évidence une

activité antivirale faible malgré la défervesce(t®, 46).

Les adamantanes sont les premiers antiviraux aipipaux a avoir été utilisés. L’activité inhibitec

de 'amantadine sur le virus de la grippe fut déeote en 1964. Ce médicament, anti-parkinsonien
a l'origine, est un inhibiteur de la protéine MZ dérus de la grippe A. Son utilisation est limitée
pour plusieurs raisons : l'inefficacité sur lesugrde la grippe B (dépourvus de protéine M2), le
développement de résistances, et une toléranceanédi7). Les résistances aux adamantanes sont
dues a des mutations ponctuelles entrainant undicadidn de la protéine M2 au niveau du site de
liaison des inhibiteurs (48, 49). Les adamantanessont plus recommandés en raison de

'augmentation de la proportion de virus résistda®). En mai 2013 la Haute Autorité de Santé a
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déclaré insuffisant le service médical rendu pambintadine dans le traitement des syndromes

grippaux (50). La rimantadine utilisée de faconikiire fut retirée du marché en France en 1993.

En 1969 fut découvert le premier INA, le DANA (2stéy-2,3-didéhydro-N-acétylneuraminique)
(51). La détermination de la structure cristallishe la neuraminidase et de son complexe avec
I'acide sialique, fut réalisée dans les années 1980 'action des INA, qui s'exerce sur les ViAus

et B, est 100 a 1 000 fois supérieure a celleatedhtadine (47). Les INA actuellement disponibles
en France ont obtenu une autorisation de miseesamarché en 1993 pour le zanamivir et en 1997

pour l'oseltamivir.

3.2 Meécanisme d’action des INA

La neuraminidase (ou N-acetyl-neuraminyl-hydrolags}t une sialidase. Elle est l'une des
glycoprotéines de surface des virus de la gripfle. &jit en fin de réplication en clivant le pont
entre les particules virales néoformées et la mangde la cellule infectée au niveau de résidus

d’acide sialique. Ce clivage libére dans I'orgamsias virus néoformes (1).

Les INA sont des analogues de l'acide sialiquenhgoent, par compétition spécifique, I'action de
la neuraminidase en bloquant le site actif ded&aaialique (1, 14). Il s'ensuit une entrave au
relargage des virions qui s'agrégent a la surfada dellule hote par liaison de leur hémagglugnin

aux résidus d'acide sialique non clivés. La diseation virale s'en trouve ainsi diminuée, graphe

ci-dessous.

a Neuraminidase activity

Host cell

Release of
new virions

Neuraminidase

containing
sialic acid

d’apres De Clercq, Nature 2006 (14)
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3.3 Commercialisation des INA
3.3.1 Le zanamivir

Le zanamivir (Relen3 est administré sous forme unidose de 5 mg enrpoadnhaler par la
bouche & l'aide d’un appareil appelé Diskh@lérest indiqué dans le traitement curatif de fippe

a partir de 5 ans a la dose de deux inhalatiomss(Eng) deux fois par jour pendant 5 jours, so# un
dose quotidienne totale inhalée de 20 mg (52). icante fut déposée par le laboratoire
GlaxoSmithKline en 1990. Le zanamivir fut approya¥ la FDA (Food and Drug Administration)
pour la commercialisation aux Etats-Unis en 1998utorisation de mise sur le marché fut obtenue

le 26 juillet 1999 en France.

La distribution dans les officines de ville a étésgendue en 2004 en France pour approvisionner
'EPRUS (Etablissement de Préparation et de RépansdJrgences Sanitaires) a la demande de la
Direction Générale de Santé, en préparation d'amel@mie grippale. Depuis, le produit n'est plus
commercialisé et les traitements actuellement dédiypar les pharmacies sont les reliquats des
stocks de 'EPRUS lors la pandémie A(H1N1)pdm20D&8'est pas prévu de le redistribuer en ville

dans limmédiat compte tenu du stock et de la ddeéeonservation du zanamivir (7 ans). |l
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appartient a 'EPRUS de le mettre a dispositioorskd circuit de son choix en fonction des besoins

de santé publique (53).

Depuis janvier 2013, le zanamivir administré parfyson intraveineuse posséde une autorisation
temporaire d’utilisation (zanamivir 10 mg/ml) résée a I'usage hospitalier (54). Il est destiné au
traitement de certaines formes graves d’infectian @ virus de la grippe pour des patients
hospitalisés ne pouvant pas étre inclus dans Easesliniques. Ce traitement est destiné a des
patients qui n'ont pas répondu aux antiviraux aigfgaux par voie inhalée ou orale, ou pour
lesquels une voie d’administration autre que lavojectable n’est pas possible, ou a des patients
infectés avec un virus de la grippe résistant aitcts agents antiviraux et pour lesquels un
traitement par zanamivir inhalé n’est pas appropr# posologie usuelle pour les adolescents de
plus de 50 kg et pour tous les adultes @d8 ans) présentant une fonction rénale normaldeest
600 mg deux fois par jour pendant 5 jours. La prgadion du traitement au-dela de 5 jours peut

étre envisagée.

3.3.2 L’oseltamivir

L’oseltamivir (Tamifll®) est administré sous forme de gélule (30 mg, 45en@5 mg) ou de
suspension buvable (6 mg/ml et 12 mg/ml) (55)stlirdiqué dans le traitement curatif de la grippe
a partir de 1 an lors des épidémies saisonniereBezt le nourrisson en cas de pandémie grippale.
La posologie d'oseltamivir recommandée est de 73leux fois par jour pendant 5 jours par voie

orale pour les adolescents (agés de 13 a 17 ales) adultes.
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Il fut développé par Gilead Sciences et le lalmratRoche, la licence fut déposée en 1996 et les
études commencerent en 1997. Il est maintenant eocmisé uniquement par le laboratoire
Roche (56). La FDA a autorisé sa commercialisateon 1999 aux Etats-Unis (57, 58).

L’autorisation de mise sur le marché a été obtemuErance en juin 2002.

La Nouvelle-Zélande est le premier pays a avdior&g€é, a partir de 2007, la vente de I'oseltamivir
sans ordonnance. Un premier bilan a été publié G2 259), montrant que la délivrance de
I'oseltamivir sans ordonnance n’a pas été assacrigee augmentation des résistances, n'a pas eu
pour conséquence la baisse de la vaccination gyaje, n’a pas entrainé d'effet de stockage par la
population, et suivait la dynamique épidémique. jheoportion d’'oseltamivir délivré sans
ordonnance est restée modeste, 11% durant la pandérhlN1)pdm09 et moins de 10% lors des

deux épidémies saisonnieres qui ont suivi.

3.3.3 Le peramivir

Le peramivir, administré par perfusion intraveireusa été développé par le laboratoire

pharmaceutique américain BioCryst Pharmaceutidal&®&st pas commercialisé en France.

Il a été autorisé aux Etats-Unis de facon exceptile et temporaire par la FDA le 23 octobre
2009, alors qu'il était toujours en cours d’essai ghase lll, dans le contexte de la pandémie
grippale A(HLIN1)pdmQ9 (60, 61). La possibilité degription concernait les patients hospitalisés
pour une infection avérée ou suspectée de gripptll{)pdm09, dans le cas ou les traitements
autorisés s'avéraient inactifs ou impossibles. eCeitposition d'urgence a été abrogée le 23 juin
2010. Le peramivir est actuellement disponible @010 au Japon (Rapiacta) et en Corée du

Sud (PeramiFlu).
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3.4 Efficacité des INA

Les criteres d’'efficacité étudiés pour les INA, slda cadre de syndromes grippaux ou de grippe
virologiguement confirmée concernent : la durée sl@sptomes, la durée du portage viral, le taux
d’hospitalisations et de complications, le nombre décés et le recours secondaire aux

antibiotiques.

Trois publications récentes ont fait une synthesd'afficacité des antiviraux antigrippaux, deux

meéta-analyses et une revue de la littérature. L'de® limites majeures des deux méta-analyses
présentées a été le faible nombre, dans les esSlastionnés, des sujets de plus de 65 ans ou
présentant un autre facteur de risque de grippeplguée, diminuant la puissance des analyses

réalisées ou ne les permettant pas dans ces sowsegt

Méta-analyse de Dobsomt al (25)

Cette méta-analyse a inclus 12 études « publiéemow comparant I'oseltamivir a un placebo de

facon contrélée, randomisée, en double aveugle ldhdte.

* Durée des symptémes :

0 Chez des adultes présentant un syndrome grippaigdemins de 36 h, I'analyse en
intention de traiter (ITT) mettait en évidence udininution de la durée des
symptomes de 17,8 heures en moyenne chez les tpdfiaités par oseltamivir. La
diminution était de 25,2 heures en analysant sexfértes personnes ayant une
grippe confirmée.

o L’analyse en sous-groupe chez les patients a risgastrait, en analysant les

personnes ayant une grippe confirmée, une tendafedaisse non significative de

la durée des symptdmes (tableau ci-dessous).
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Oseltamivir Placebo Time ratio Interaction Estimated median (h)
N N (95% Cl)y p value
Oseltamivir Placebo Difference (95% Cl)
Age (years)
<65 1273 990 @ @— 077 (071-0-83) = 87-2 1140  -26-8 (-36-6t0-167)
=65 292 304 0-89 (0-76-1.05) 1479 1652 =174 (-49-Bt015.6)
High risk-1
Mo 1186 879 ———————— 075 (0-69-0-82) B 839 112.0 =281 (=387 to-18.2)
Yes (=65 years/ 379 416 0-93 (0-81-1.07) }0-009; 1459 1572 -11-2 (-37-5t018:2)
chronic iliness/COAD)
High risk-2
Mo 1018 752 —————————— 075 (0-69-0.82) s 823 1097 -27-3(-38.9to-17-0)
Yes (=50years/ 547 543 0-88(0-78-0.99) 1298 1479 -181(-39-7to5-1)
chronic illness/COAD)
Time since influenza onset (h)
<24 727 578 _— 0-81 (0-73-0-90) s g95.8 118.4 -22.6(-36.8to-8-2)
=24 838 Fi7 —_— 078 (0-71-0-86) 98.9 126:3 =274 (41-4 to -13-2)
Total symptom score
<14 665 590 ——— 074 (0-66-0-82) 775 1052 =277 (-41-2 to-14-2)
=14 884 692 _ 0-83 (0-76-0-92) 0:096 1147 1379 -231(-37-3t0-82)
Virus type
A 1373 1162 _— 0-78 (0-72-0-84) 94.7 121.3 =265 (-36-6t0 -15-7)
B 183 125 » 091 (0-73-113) g 122.3 1341 -11.8 (-44.7 to 23-6)
T T T T
0-68 0-8 0.9 1 111
“+«—— —>
Favours oseltamivir Favours placebo
Time ratio {95% CI)

Figure 3: Subgroup analyses for time to alleviation of all symptoms in the intention-to-treat infected population
COAD=chronic obstructive airways disease. Estimated median (h)=estimated median time to alleviation of all symptoms from accelerated failure time model
adjusted for trial. Diff (95% Cl)=the difference in the estimated medians with bootstrap 95% CI.

d’apres Dobson et al, Lancet 2015 (25)

e Complications :

o Chez I'adulte, en analysant les personnes ayangtppe confirmée, le risque de
complications de type infections respiratoires bassécessitant un traitement par
antibiotique était réduit (4,2% (65/1544) dans teugpe oseltamivir par rapport a
8,7% (110/1263) dans le groupe placebo ; risquaiféRR) = 0,56 [IC95% : 0,42 a
0,75] ; différence de risque (RD) = -3,8% [IC95%2;2% a -5%)]). Il en était de
méme pour les pneumopathies (RR = 0,4 [IC95 : 8,a8B4]).

o Chez les patients a risque de grippe compliqguégoues en analysant les personnes
ayant une grippe confirmée, le risque de compbesti de type infections
respiratoires basses nécessitant un traitemenam#siotique était réduit (12,1%
(45/371) dans le groupe oseltamivir par rapport7®% (72/403) dans le groupe

placebo ; RR = 0,70 [IC95% : 0,49 & 0,98]).
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* Hospitalisations :

o Chez l'adulte, en analysant les personnes ayantguippe confirmée, le risque
d’hospitalisation quelle que soit la cause étaiuit(0,6% (9/1591) dans le groupe
oseltamivir par rapport a 1,7% (22/1302) dans leuge placebo; RR = 0,37

[IC95% : 0,17 & 0,81] ; RD = -1,1% [IC95% : -0,3%134%)]).

0 L’analyse en sous-groupe, en analysant les persoayent une grippe confirmeée,

montrait une tendance a la baisse non significative

Méta-analyse d’Ebellet al (20)

Cette méta-analyse a inclus 8 études publiées mdn3publiées comparant I'oseltamivir a un

placebo de fagon contrdlée, randomisée, en dowblggée chez I'adulte.

* Durée des symptémes :

0 Chez des adultes présentant un syndrome grippaisdemwins de 36 h, il était mis
en évidence une diminution de la durée des symmaee20,7 heures en moyenne
chez les patients traités par oseltamivir (25,4ré®ewchez les patients ayant une
grippe confirmée).

o Il n'y avait pas de réduction significative de larée des symptomes chez les
personnes agées (plus de 65 ans), et chez lestpasieuffrant d’une pathologie

chronique, traités par oseltamivir.
* Complications :

o Chez l'adulte ayant une grippe confirmée, le risgigepneumopathie était réduit
(0,5% (9/1654) dans le groupe oseltamivir par rappol,6% (18/1092) dans le
groupe placebo ; différence de risque (RD) —-0.9%98% : -1.7% a -0.1%)] ;

nombre de sujet a traiter (NST) = 111), ainsi gquialx de complications nécessitant
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un traitement par antibiotique en incluant « browglotite, sinusite et

pneumopathie » (RD =-2,8% [IC95% : -0,6 a -4,BST = 36).
* Hospitalisations :

o Dans I'ensemble de la population (avec et san®daale risque et quel que soit
'age), aucune diminution des hospitalisations éaté montrée chez les patients
présentant un syndrome grippal sans confirmatignlogique. Aucune analyse

n’était disponible pour les patients présentantgnge confirmee.

Revue de la littérature de Michielset al (21)

Les criteres d’inclusion étaient « des revues déttirature incluant essentiellement des essais
randomisés, publiées apres 2006, en francais,iangleemand ou flamand ; présentant une analyse
réalisée en intention de traiter avec le calcutld®ratio ou de risque relatif ». Cette revue, sgui
basait sur 9 études, montrait :

* chez les adultes sains (62, 63) : i) qu’un traiteinmar INA permettait un gain de moins
d’'une journée sur la disparition des symptéomelque 'oseltamivir permettait un retour a
une activité normale environ un jour et demi pldisdt une demi-journée plus tot pour le
zanamivir ; iii) une seule des deux études montuai diminution de la prescription
d’antibiotique (63).

* chez les enfants (63): i) qu'un traitement par Il&rmettait un gain de moins d’'une
journée sur la disparition des symptémes; ii) daseltamivir permettait un retour a une
activité normale plus d'un jour plus tét, non retwé pour le zanamivir ; iii) que le
traitement par zanamivir diminuait le recours antlaotiques.

» chez les personnes agées (63) : qu'il n'y avaitdeffet démontré des INA.
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» chez les sujets a risque de complications : i)lgqeeltamivir pouvait permettre un retour a
une activité normale deux jours plus tét, mais €sultat n'avait qu'un faible niveau de

preuve ; ii) que le zanamivir pouvait prévenir la&nue de bronchite (63).

Autres études complémentaires

En complément de ces publications, une étude mem&ze des patients diabétiques présentant un
syndrome grippal montrait une réduction du nombhespitalisations chez les patients traités par
oseltamivir et une diminution du nombre de compiges respiratoires hors pneumopathie

(décompensation d’asthme, détresse respiratgi(@4).

Par ailleurs, il a été montré que la durée du gertaral diminuait chez les patients traités par
oseltamivir (28). De méme, il a été mis en évidamoe tendance a la diminution de la transmission

intrafamiliale en cas d'utilisation de I'oseltamivsans apporter de conclusion définitive (65).

Le nombre de déces était trop faible dans les étpdar permettre d’évaluer 'impact des INA sur

la mortalité.
Peu de données sont disponibles sur I'efficacitéahamivir par voie intraveineuse (66-68).

La commission de transparence de la Haute Autdat8anté (HAS) a de son c6té conclu en 2011
que (69) :

- le service médical rendu (SMR) par I'oseltamivimgde traitement curatif de la grippe,
lorsqu’il est débuté dans un délai de 48h aprgspéation des symptdomes, en période
d’épidémie ordinaire de grippe ou en période dalpame, est faible chez :

o les sujets ayant une forme clinique de grippe jugéeere par le médecin ou
compliquée d’emblée,
0 les sujets ayant des facteurs de risque partisyliemt la femme enceinte.

- le SMR dans le traitement curatif de la grippeirestiffisant dans les autres situations.
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3.5 Effets indésirables des INA

3.5.1 Le zanamivir

Les études précédant l'autorisation de mise sumdeché du zanamivir ont mis en évidence des
effets indésirables graves dans de rares cas (madénsl patient sur 10 000) : réactions

anaphylactiques et un risque de bronchospasmeoqtrecindiquent son administration aux patients
présentant une maladie respiratoire sous-jacensghn(@, broncho-pneumopathie chronique
obstructive, ...) (70). Ces études retrouvent, conefiiets plus fréquents (présents chez plus de

1,5% des sujets traités), des effets bénins adggeoubles digestifs et de céphalées (71).

Le suivi post-commercialisation a relevé des caveg, mais rares, de toxidermie et des cas isolés
de troubles neuropsychiatriques. Les effets les fléquents étaient bénins a type de troubles

digestifs (27, 71).

3.5.2 L’oseltamivir

Une méta-analyse récente, qui a inclus 12 étugesokées ou non » comparant I'oseltamivir a un
placebo de facon contrélée, randomisée, en dowklggée chez I'adulte, a montré que la prise d'un
traitement par oseltamivir augmentait le risquendesée (9,9% dans le groupe oseltamivir par
rapport a 6,2% dans le groupe placebo ; risquéifréRR) = 1,6 [IC95% : 1,29 a 1,99] ; différence
de risque (RD) = 3,7% [IC95%: 1,8% a 6,1]), et demissement (8% dans le groupe
oseltamivir par rapport a 3,3% dans le groupegllac RR = 2,43 [IC95% : 1,83 & 3,23] ; RD =
4,7% [IC95% : 2,7% a 7,3%)]). Il n’était pas mondie différence en ce qui concernait les troubles
neurologiques, psychiatriques ou les effets indé#s graves. Les résultats détaillés sont présenté

ci-dessous dans un tableau issu de I'article.
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Number of events Owerall risk ratio pvalue  Placehogroup Oseltamivir Risk difference
(95% i) risk (%)* group risk (%) (95% C1)
Oseltamivir  Placebo
(n=2401)  (n=1917)
All adverse events 1033 B1g 0-97 (0-91 to 1.04) 0-41 427 415 -1-2% (-4-0to 1.8)
Seriows adverse events 21 72 079 (0-43ta 1-47) 0-46 11 09 ~0:2% (-0-7 to 0-5)
Gastrointestinal disorders 574 370 1-21 (107 to 1-36) 00013 193 233 4.0% (1-4 to 6-9)
Mausea 247 118 1-60(1-29t01.99)  =0-0001 62 9.9 37% (1-8 to 6:1)
Vormiting 201 63 243 (1-83t0323) =0-0001 13 8o 47% (27to7-3)
Diarrhoea 147 147 0-75 {0-60 to 0-95) 0016 77 58 =1:9% (-3-1 to -0-4)
Cardiac disorders 13 20 0-49 (0-25 to 0-98) 0043 10 o5 —05% (-0-8 to -0-0)
Infections and infestations 221 217 0-84 (070 to 1-00) 0-049 113 9.5 -1-8% (-3-4 to -0-0)
Injury and poisoning 15 4 337 (1.08 to 1047) 0-036 02 o7 0-5% (0-0to 2-0)
Respiratory, thoracic, and 158 143 0-74 {0-60 to 0-93) 0-0081 75 55 -1.9% (-3-0 to -0-6)
maediastinal disorders
Meuwmbogical disorders 124 53 1-00 {07610 1-30) 097 4-9 48 -0-0% (<12 to 1-5)
Peychiatric disorders 11 13 0-62 {0-26 10 1:45) 027 o7 0-4 0:3% (<0580 0-3)
Additional analyses in influenza-
infected participantst
Meurological disorders g1 73 095 {070 to 1-29) 076 5-f 54 0:3% (1710 1-6)
Psyehiatric disorders 10 g 0-81 (0:31t0 2-08) 0.65 a7 06 -0:1% (D5 ta 0-7)
Mausea 172 85 1-60 {124 to 2-07) 0-0003 65 105 3-9% (1-6 to 7:0)
Vomiting 155 41 300({211t0 4.26) <0-0001 32 0.5 63%(35t0103)
Additional analyses in participants
without influenza$
Mausea 75 33 167 (112 ta2-45) 0011 53 89 3-6%(0-7te 79)
Vomiting 46 2 1.49 (0-90 to 2.46) 012 16 53 1.7% (-D-4 10 5:2)
Events=number of participants who had one or more events, *Placebo group risk is calculated using al trizls (including trials with no outcomes in each group).tOseltamivir
group risk and risk difference (95% C1) obtained by applying overall risk ratio and §5% Cl to poaled placebo group risk. n=15%0 in the oseltamivir group and n=1299 in the
placebo group. §n=811 in the oseltamivir group and n=618 in the placebo groop
Table 2: Meta-analyses findings for key on treatment adverse events in the safety population, by treatment received

d’apres Dobson et al, Lancet 2015 (25)

La surveillance des effets indésirables des aatixira été particulierement active lors de la
pandémie A(H1IN1)pdmO9 survenue en 2009. Le bulldénsurveillance de 'AFSSAPS lors de
cette épidémie fait état de 211 signalements d®ffedésirables, dont 68 cas graves, pour environ
1122 281 boites d'oseltamivir délivrées entre é& dctobre 2009 et le 26 mars 2010. Ces cas
comprenaient notamment 11 cas de troubles du cdempent et de I'humeur (confusion, délire,
hallucinations), 11 cas de réactions anaphylactiqaedeme de Quincke, urticaire géant), 8 cas de
toxidermie, 6 cas de troubles neurologiques (crtsgwulsives), des troubles respiratoires (7 cas),

et des atteintes hépatiques cytolytiques (4 c&)) (7

Les effets rares, mais graves, ayant alerté I'opinnternationale étaient neuropsychiatriques, de
fréequence indéterminée, a type d’hallucinationfrdebles du comportement pouvant aller jusqu’'a
la mise en danger des patients (31-33). Ces eféimopsychiatriques sont mentionnés dés 2005 par
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’Agence Européenne du Médicament, qui concludiiildasence de lien de causalité prouvé, mais a
la nécessité d'un suivi rapproché (73). En 20EMEA a demandé qu’une information spécifique
soit apportée aux professionnels de santé préaigent Convulsions, niveau de conscience altéré,
comportement anormal, hallucinations et délire été rapportés lors de l'administration de
Tamiflu, conduisant dans de rares cas a une bkessgidentelle. Les patients, en particulier les
enfants et les adolescents, doivent étre étroitesaneillés, et un professionnel de santé doé étr
contacté immédiatement si le patient montre desesigle comportement inhabituel » (74). Une
enquéte aupres du laboratoire Roche a été mistaea par 'EMA en octobre 2013, a la suite des
accusations concernant le non-respect des procddee pharmacovigilance concernant
'oseltamivir (75). Le rapport issu de cette enguétalisé en novembre 2013, concluait a une

absence de remise en question de la balance b&miéfitie de ce médicament (76).

3.6 Recommandations concernant la prescription des INA

3.6.1 Recommandations actuelles

Au niveau international, I'Organisation Mondiale ldeSanté a recommandé, lors de la pandémie
A(HIN1)pdmO09 en 2009, l'utilisation des INA en ode grippe initialement grave, ou lors de la

présence d'une pathologie sous-jacente chez umnpaprésentant un syndrome grippal (77).

L’administration devait se faire le plus t6t possilsans attendre de confirmation virologique.

Depuis 'OMS n’a pas émis de nouvelle recommandadice sujet.

Aux Etats-Unis, le CDC (Centers for Disease Cdn&mod Prevention) recommande lors des
épidémies saisonniéres l'utilisation curative atventive des INA chez les sujets i) présentant un
syndrome grippal avec des signes de gravité oa fisque de grippe compliquée : grossesse ou
post-partum, obésité (IMC supérieur a 40), présatioee pathologie chronique sous-jacente,
immunodépression, age inférieur a 2 ans ou supéaehb ans, indiens d’Amérique ou patients

originaires d’Alaska (29). Une administration laplprécoce possible est recommandée.
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L’Agence Européenne du Médicament (EMA) a réaffirearé novembre 2013 la positivité de la

balance bénéfice-risque de I'oseltamivir chez kEsepts a risque de grippe compliquée (76).

En France, le Haut Conseil de Santé Publique (HO&®)s son dernier avis concernant l'utilisation
des INA en date du 9 novembre 2012, recommandeplagcription dans des conditions précises
en traitement curatif et préventif lors des épid&smde grippe saisonniere. Les conditions de

prescription sont détaillées ci-dessous (30).

Recommandations du HCSP sur l'utilisation des antiwvaux en traitement

curatif (2012)

Prescription d’'un antiviral antigrippal

- lors des épidémies de grippe saisonniére en pédeds culation virale,

- pour les personnes présentant un syndrome grippal
0 jugées a risque de complications, agés de 1 arlustypcompris les
femmes enceintes, ciblées par la vaccination (ttaidessous) ;
0 présentant une grippe grave d’emblée ou dont I'@éateral s’aggrave
selon I'appréciation du médecin ;

o dont I'état justifie une hospitalisation pour grgpp

- le plus précocement possible aprés le début deptéymes sans attendre le

résultat du test de confirmation virologique duggiastic s'il a été réalisé

Ces critéres sont valables quel que soit le staittinal du patient.

En complément des conditions de prescription dés I8k recommandations francaises concernant
la vaccination contre les virus grippaux saisormsont détaillées ci-dessous. Elles sont issues du

calendrier vaccinal 2014 publié par le Ministéerdal8ante.
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La vaccination contre la grippe est recommandée chaque année pour les personnes agées de 65 ans et plus.

3 wurn o o ol e = marticrinliara
Recommandations particulieres

La vaccination est recommandée chez :
- les femmes enceintes, quel que soit le trimestre de la grossesse ;
- les personnes, y compris les enfants a partir de 'age de 6 mois, atteintes des pathologies suivantes :
- affections broncho-pulmonaires chroniques répondant aux critéres de I'ALD 14 (asthme et BPCO) ;

- insuffisances respiratoires chronigques obstructives ou restrictives quelle que soit la cause, y compris les maladies neuromusculaires a
risque de décompensation respiratoire, les malformations des voies aeriennes supérieures ou inférieures, lesmalformations pulmonaires
ou les malformations de la cage thoracique ;

- maladies respiratoires chroniques ne remplissant pas les critéres de I'ALD mais susceptibles d’étre aggravées ou décompensées par
une affection grippale, dont asthme, bronchite chronique, bronchiectasies, hyper-réactivité bronchique ;

- dysplasies broncho-pulmonaires® ;

- mucoviscidose ;

- cardiopathies congénitales cyanogénes ou avec une HTAP et/ou une insuffisance cardiaque ;
- insuffisances cardiagques graves ;

- valvulopathies graves ;

- troubles du rythme graves justifiant un traitement au long cours ;

- maladies des coronaires ;

- antécédents d'accident vasculaire cérébral ;

- formes graves des affections neurologigues et musculaires (dont myopathie, poliomyélite, myasthénie, maladie de Charcaot) ;
- paraplégies et tétraplégies avec atteinte diaphragmatique ;

- néphropathies chroniques graves ;

- syndromes néphrotiques ;

- drépanocytoses, homozygotes et doubles hétérozygotes S/C, thalasso-drépanocytose ;

- diabétes de type 1 et de type 2 ;

- déficits immunitaires primitifs ou acquis (pathologies oncologiques et hématologiques, transplantations d'organe et de cellules souches
hématopoiétiques, déficits immunitaires héréditaires, maladies inflammatoires et/fou auto-immunes recevant un traitement
immunosuppresseur), excepté les personnes qui regoivent un traitement régulier par immunoglobulines | personnes infectées par lz
VIH quel que soit leur age et leur statut immunovirologique (cf. tableau 3.5) :

- maladie hépatique chronique avec ou sans cirrhose ;

- les personnes obéses avec un indice de masse corporelle (IMC) égal ou supérieur & 40 kg/m?, sans pathologie associée ou atteintes d'une
pathologie autre que celles citées ci-dessus ;

- les personnes séjournant dans un établissement de soins de suite ainsi gue dans un établissement médico-social d’hébergement quel que
soit leur age ;

3.6.2 Controverses autour de ces recommandations

Ces dernieres années, les antiviraux antigrippaie grippe en général ont été au centre de débats
scientifiques, politiqgues et économiques (78). Lagiion soulevée était invariablement celle des
liens entre les firmes pharmaceutiques et lesnostde santé nationales et internationales, par le

biais des comités d’experts.

La gestion de la pandémie grippale A(HIN1)pdmO2@d9 fut largement critiguée. Une enquéte
menée par le Conseil européen pointait du doigidaque de transparence concernant la prise des
décisions, I'abus d’influence des laboratoires ptereutiques et I'inadéquation des mesures prises
(79, 80). Selon ces travaux, il en résultait dgsedées considérables, I'exposition des populations

un risque sanitaire lié & des vaccins et des tnaiteés antiviraux insuffisamment éprouvés et un
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climat de crainte instauré a tort, responsable @l’'cniise de confiance des populations vis-a-vis des
experts. Ces inquiétudes furent relayées par ksprscientifique avec au premier plan I'éditorial d
British Médical Journal en juin 2010 s’adressatOMS et s’interrogeant sur le bien-fondé des
recommandations et les conflits d'intérét de cagale ses membres, ayant conduit a I'achat et au
stockage d’'une tres grande quantité d’'INA et deciwvecen particulier en France et au Royaume-
Uni (81). L'OMS a répondu a ces accusations errmaffint que les décisions avaient été prises
indépendamment de tout intérét commercial et que denflits d’intérét inhérents a toute
organisation internationale avaient été maitrissslg volonté de création d’'un comité indépendant
(82). Le Sénat francais, dans le rapport de la ciesion d’enquéte sur la pandémie grippale
A(H1IN1)pdm2009, souligne des recommandations ir@pp#es, corrigées spontanément par les
acteurs de terrain qui avaient mis en place unensgpplus adaptée a la réalité de la maladie (78).
Les conclusions de ce rapport déploraient une nisengestion de la pandémie grippale par les

instances de santé, qui risquait de créer dgmsdalation une défiance durable.

Depuis ces doutes perdurent. Malgré les recommiandatactuelles concernant I'utilisation
d’antiviraux antigrippaux, de nombreuses voix S/élét contre leur prescription. Au niveau
international, plusieurs articles mettent en avembénéfice clinique faible et des effets secomrgair
non négligeables (83, 84). Si la diminution de laé#d des symptdomes a été démontrée dans
plusieurs études, l'effet sur la prévention des miarations et la diminution de la transmission est
encore débattue et nécessiteraient I'analyse daséés non publiées (62). Au niveau national, ces
guestions sont relayées par des revues médicaesuivies par les médecins prescripteurs (85).
Les soupcgons concernant le faible niveau de prealevd’efficacité des antigrippaux ont été
alimentés par les réticences du laboratoire Roctendre publiques les études réalisées (86, 87).
Une enquéte a été mise en place par 'lEMA en 20E3saite des accusations concernant le non-
respect des procédures de pharmacovigilance cardetaseltamivir (75). Le rapport concluait a

une absence de remise en question de la balané&deerisque de ce médicament (76).
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4 Travaux de recherche

4.1 Efficacité d'une bithérapie antivirale associant dex INA comparée a une
monothérapie dans le traitement de la grippe
Ce travail a été réalisé dans le cadre de la gaation active a deux essais cliniques sur I'effita
d'une bithérapie antivirale dans le traitement degtippe saisonniere, en vue de la survenue
hypothétiqgue d’'une pandémie grippale.
Trois raisons incitaient a évaluer l'efficacitélattolérance d’'une association d’antiviraux dans le
traitement de la grippe. La premiere est d'ordred@piologique, une meilleure efficacité
démontrée d'une telle association, en particulretegmes de réduction de la durée de la période
contagieuse, pourrait étre une information impdgaen cas de pandémie et de nature a
reconsidérer la stratégie de l'usage des antiviedinkde prévenir le plus efficacement possible la
diffusion d’'une nouvelle souche. La seconde raipart de I'hypothése plausible que, lors de
l'utilisation intensive de ces produits, le taux sistances a I'un des deux antiviraux (voire aux
deux) devienne préoccupant, et de nature a metaweutilisation. L’émergence de résistances
pourrait poser de sérieux problémes, notammenbarsae la premiére vague pandémique lorsque
le vaccin risque de ne pas étre disponible. L'abtsa@hexpérience de I'emploi d’une association de
ces antiviraux, tant en terme d’efficacité que dérance, alors que I'on pourrait étre conduit a
envisager le recours a une telle association rigipueonduire a des attitudes irrationnelles. La
troisieme raison reléeve du traitement de la grippisonniére, en particulier chez les personnes
agées et fragiles lorsque le vaccin n'a pas étérastm@ ou se montre inefficace. Ces personnes,
mais aussi toutes celles pour lesquelles ces deoruis sont actuellement indiqués en
monothérapie par l'autorisation de mise sur le m@&rgourraient bénéficier d'une association
d’antiviraux si elle s’avérait plus efficace et siugien tolérée que leur utilisation en monothérapi
Quoigue leurs mécanismes d’action soient prochesy ia pas d'objection de principe a I'emploi

de ces deux produits en association, dans le redpeeurs modalités d’administration. D’autant
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plus gu’ils s’administrent par deux voies différesitI'une systémique orale, l'autre inhalée, endo-

laryngée.

4.1.1 Essai Combina : bithérapie (oseltamivir + zanamivij comparée a I'oseltamivir seul

dans le traitement de la grippe (article 1)
Jusqu’en 2007, les souches resistantes aux INArgtakceptionnelles, et il était supposé que leur
émergence était liée au mésusage des INA (dosdgrét insuffisantes). Mais a partir de I'hiver
2007-2008, un nombre significatif des souches A(Hlkirculant en Europe ont présenté une
résistance naturelle a I'oseltamivir (88), lieeagprésence d’une mutation (H274Y ou H275Y) au
niveau de la neuraminidase (89). En revanche ilavgit pas de résistance au zanamivir. Cette
situation a souligné la nécessité de stratégiesnaltives dans le traitement contre la grippe, cemm

par exemple I'association de 'oseltamivir a unraantiviral (90, 91).

Dans ce contexte, en paralléle de I'essai Biviaitlét ultérieurement dans ce manuscrit, I'essai
Combina avait pour but d’apporter des premieresnggs sur l'efficacité antivirale et la tolérance
de l'association oseltamivir-zanamivir (O + Z) erthérapie par rapport a l'oseltamivir en

monothérapie (O). Cet essai clinique, concu en ZUI®, a été réalisé au cours de la pandémie
grippale due au virus A(HIN1)pdm09 en 2009-2010s kmclusions prévues concernaient 30
adultes de 18 a 64 ans souffrant d'un syndromeajripglont le début des symptémes dataient de
moins de 42 h et testés positifs a la grippe A. pasents inclus étaient randomisés en deux
groupes de traitement : (O + Z) ou (O). lls avaiant lavage nasal a JO, avant le début du

traitement, puis tous les jours jusqu’al%ainsi qu’un prélévement nasal & J5 et J7.

L'analyse a été possible pour 24 patients, 12 absas (O + Z) et 12 dans le bras (O). La charge
virale moyenne a diminué d’environ 1 leggeq (copies équivalent génome) / pl par jour quel

soit le groupe de traitement. Il n'a pas été olselw différence significative entre les groupes de
traitement pour la durée de résiliation des sympgnTous les traitements ont été bien tolérés.

Aucune résistance a l'oseltamivir n’a été détechéz les patients des deux groupes de traitement.
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Ce travail a permis d’apporter des premieres inftioms sur ['efficacité et la tolérance d’'une
bithérapie oseltamivir + zanamivir dans le traitetnde la grippe, toutefois la taille de I'échaotill

fut trop limitée pour que I'étude soit pleinemenformative. Peu de travaux avaient été faits
jusque-la sur I'utilisation d’'une bithérapie assatideux INA dans le traitement de la grippe. Une
étude non comparative, réalisée au Danemark égateduzant la pandémie de 2009, a étudié
'impact chez 21 patients hospitalisés en réanwnadiune bithérapie par oseltamivir (150 mg deux
fois par jour par sonde naso-gastrique) et zanar(B@ mg deux fois par jour par nébulisateur).
Avec un taux de mortalité de 23,8% (5/21) avargtodie d’unité de réanimation et de 28,5% (6/21)
a 90 jours, les auteurs ne concluaient pas a uorage la bithérapie (92). Dans une autre étude a
Hong-Kong durant la pandémie, chez 7 patients kalgg#s en réanimation et mis sous ECMO, 3
furent traités par bithérapie oseltamivir + zandansans impact évident du traitement antiviral (93)
Si des études supplémentaires s’avéraient néoesgmur confirmer ou infirmer I'intérét de cette
association, il était important de noter que depR@9 les souches HIN1 circulantes ne

présentaient qu’exceptionnellement une résistaioseltamivir (94-96).

Les résultats de cette étude ont été publiés danstdviral Research (35) :

- Escuret V, Cornu C, Boutitie F, Enouf V, Mosnier Bouscambert-Duchamp M, Gaillard S, Duval
X, Blanchon T, Leport C, Gueyffier F, Van Der Werf S, Lina B. éltamivir—zanamivir bitherapy
compared to oseltamivir monotherapy in the treatnoémpandemic 2009 influenza A(H1IN1) virus
infections. Antiviral Res. 2012 November 2012;9®173
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ARTICLE INFD ABSTRACT

Article history: Background: The emergence of oseltamivir resistance in 2007 highlighted the need for alternative strat-
Received 7 February 2012 egies against influenza. To limit the putative emergence of resistant viruses this clinical trial aimed to
Revised 2 August 2'?12 evaluate the antiviral efficacy and tolerability of oseltamivir-zanamivir (0 + Z) bitherapy compared to
Accepred 4 August 2012

oseltamivir monotherapy (0). This clinical trial was designed in 2008-2009 and was conducted during
the A[H1IN1) influenza virus pandemic in 2009-2010. The A(HINI Jpdm09 viruses were reported to be
sensitive to oseltamivir and zanamivir but resistant to amantadine,

Avallable online 14 August 2012

!I:r;e][anm:-]r Methods: During the pandemic phase in France, adults with influecnza-tike illness for less than 42 h and
Famamivir who tested positive to influenza A were randomised into treatment groups: {0+ Z) or (0). Patients had a
Combination therapy nasal wash at day 0, before the beginning of treatment and daily at days 1 to 4. They also had a nasal swab
Pandemic at days 5 and 7 to check for the negativation of viral excretion. Virological response was assessed using

the GAPDH adjusted M gene quantification.
Results: Analysis was possible for 24 patients, 12 in the (O + Z) arm and 12 in the {0} arm, The mean viral
lmad decreased at around 1 logyg ceeqpl per day regardless of allocated treatment group. We could not
detect any significant difference between treatment groups in the duration needed to alleviate symp-
toms, All treatments were well tolerated. No oseltamivir-resistant H275Y NA mutated virus has been
detected in patients of both treatment groups,
Condusions: The sample size of our study is too limited to be fully informative and we could not detect
whether combination therapy (0 + Z) improves or reduces the effectiveness of oseltamivir in the treat-
ment of influenza A{HIN1)pdm09 vims infection in community patients. Additional studies are needed
to improve the antiviral treatment of patients infected with influenza virus.

& 2012 Elsevier BY. All nghts reserved.

Influenza A{HIN1 )pdm09 virus

1. Introduction

The emergence of oseltamivir-resistance in 2007 and the rapid
worldwide spread of the pandemic influenza A{HIN1)pdm09 virus

= Corresponding author. Address: Laboratodre de Virologie - Bar A3, 59 Boolevard
Pinel, F-69677 Bron Cedex. France. Tel.: +33 04 T2 12 96 17; fax: +33 04 72 12 95 00,
E-mail address: bruno linaéchu-yonfr (B. Lina).

0166-3542% - see front matter © 2012 Elsevier BV, All rights reserved.
bt Jdx diod org/ 1010 16 antiviral 2012 08.002

have highlighted the need for effective novel antiviral approaches
against influenza.

The neuraminidase inhibitors {NAls) oseltamivir and zanamivir
are the recommended antiviral agents against influenza A and B
viruses. Amantadine was one of the first antiviral agents used
against influenza A viruses, In the last decade there has been a sub-
stantial worldwide increase in amantadine-resistance, starting
with the seasonal influenza A{H3N2) viruses (Deyde et al., 2007).
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‘When the study was designed, seasonal influenza A{H1MN1) viruses
were resistant to oseltamivir but mostly sensitive to amantadine.
However, as a consequence of the emergence of the
A[H1N1}pdm09 virus that carried the 531N mutation in M2 (Da-
wood et al, 2009), all currently circulating human influenza A
viruses are resistant to amantadine (WHO, 2011).

In the winter of 2007<2008, seasonal oseltamivir-resistant
A[H1N1) viruses related to the A/Brisbane/535/2007 (H1MN1) variant
emerged and disseminated in individuals who were not under
oseltamivir treatment (Lackenby et al., 2008; Meijer et al, 2009].
However, the emergence of these viruses bearing the H275Y NA
mutation had a major impact, showing that A(HIN1) viruses may
develop the H275Y MA mutation and that the oseltamivir could
not be used to treat infected patients. With the displacement of
seasonal A(H1N1) by the A{H1N1)pdm09 viruses, all human influ-
enza viruses were sensitive to oseltamivir and zanamivir. However,
in order to limit the putative emergence of resistant clones in the
context of a A(HIN1) pandemic when the use of NAls is large, it
was important to test possible alternative strategies, Theoretically,
antivirals in combination could improve antiviral efficacy, reduce
the duration of symptoms, and lower the risk of emergence of anti-
viral resistance.

The in vitro combination of MAls may be antagonistic because
these agents target the same binding pocket in the neuraminidase.
However, different routes of administration, orally for ozeltamivir
and by inhalation for zanamivir, could induce a pharmacologically
interesting interaction in vive. During the 2008=2009 season when
A[H3N2) virus was predominantly circulating. a clinical trial con=
ducted in France confirmed that the oseltamivir-zanamivir bither-
apy was antagonistic (Duval et al., 2010). However, these results
may be different for A{HIM1) and A{H3NZ) viruses because neu-
raminidases M1 and M2 show structural differences (Russell et al.,
2006). Moreowver, in the context of the pandemic it was interesting
to study if the results found with the A{HINZ2) virus would be con-
firmed or not with the A{H1N1 jpdm09 virus.

The randomised trial was then conducted during the
A[H1N1)pdm09 virus pandemic in France, to compare the oseltam-
ivir=zanamivir {0+ Z) combination therapy with the oseltamivir
monotherapy (0. in terms of antiviral efficacy. resolution of symp-
toms, tolerability, and the prevention of oseltamivir-resistance
EMETZENCe.

2. Patients, material and methods

This phase 11 clinical trial was a multicentered, randomised, and
unblinded study of two parallel groups.

2.1. Study population

The study targeted adult out-patients of both sexes, aged 18 to
64 years, with influenza-like illness (ILI) for less than 42 h, not vac-
cinated against influenza in the year of the study and who tested
positive for influenza A (QuickVue® Influenza A+B test). Patients
alzo had to be free from chronic diseases, have medical insurance,
and give informed written consent. Exclusion criteria were preg-
nancy (a pregnancy test was performed before inclusion), lactation,
lack of effective contraceptive methods, ongoing chronic obstruc-
tive pulmonary disease (COPD), asthma, renal failure, epilepsy,
confusional state, hallucinations, severs uncontrolled psychotic
Or neurotic state, depression with antidepressant treatment, con=-
gestive cardiac insufficiency, peripheral oedema, orthostatic hypo-
tension and a hypersensitivity to one component of the study
drugs. Use of drugs like nasal topics, corticosteroids, immunosup-
pressive drugs, neuroleptics or antiemetics was not permitted dur-
ing the study.

Patients were recruited by general practitioners in the commu-
nity (in Lyon and Paris, France) during the peak circulation of the
influenza A{H1N1)pdm09 virus.

The study was conducted in accordance with the Declaration of
Helsinki, The protocol was approved by the Lyon Ethics Committee
{Comité de Prorection des Personnes Lyon E) on 9 September 2009,

22 Smudy protocol

Randomisation was performed after checking eligibility, obtain-
ing patient consent, and collecting baseline data. A permuted-block
algorithm was used for randomisation. Concealed allocation was
performed by calling the coordination centre. Patients were ran-
domised into two groups according to the antiviral treatment they
received: the oseltamivir=zanamivir (O + Z) bitherapy or the osel=
tamivir { ) monotherapy.

Oseltamivir (Tamiflu®™) was administered orally at the recom-
mended dosage of 75 mg, two times a day for 5 days (150 mg per
day) Zanamivir (Relenza®) was administered by inhalation with
the Diskhaler system, at the recommended dosage of two inhala-
tions of 5 mg. two times a day for five days (20 mg per day). For
the combination therapy both drugs were given concomitantly:
there was no more than a few minutes of delay between the oral
administration of oseltamivir and the inhalation of zanamivir.
Ozeltamivir was provided for free by Roche SA. Zanamivir was pur-
chased from GlaxoSmithKline. Drugs were packaged by Creapharm
SA

Specimens were collected at patients’ homes by a study nurse.
Specimens consisted of a nasal wash within two hours after the
first visit (HO), and every 24 h until 96h after treatment start.
The nasal washes were obtained by instilling 2.5 ml of physiologi-
cal saline solution in each nostril and then aspirating the nasal
secretions with a silicone pipe connected to a vacuum pump. To
ensure good viral conservation, the viral transport medium (Sigma
Virocult™, Medical Wire & Equipment Co.) was aspirated and
mixed with the nasal wash. Then, the mixture was kept at 4 °C dur-
ing transport to the virological laboratory. Subsequent specimens
consisted of nasal swabs (Virocult®, Medical Wire & Equipment
Co) performed on days 5 and 7. We changed from nasal washes
to nasal swabs to alleviate the sampling performed in patients;
we first assumed that the viral load would be near zero on these
days and nasal swabs were done to check for the negativation of
viral load.

Baseline data included the patient's medical history and influ-
enza symptoms. Follow-up data included the evolution of symp-
toms, and compliance to treatment (assessed by pill count by
number of study days). A follow-up visit was performed on day 6
to assess a potential carry-over effect.

Dara were collected on Case Report Forms by the investigators,
and entered into a database using Clininfo SA software (Clininfo SA,
59 rue de Cerland, 69007 Lyon, France).

2.3, Laboratory procedures: virological analysis

Masal washes and naszal swabs were added to a viral medium
culture for a final volume of at least 1.5 ml. Then the samples were
divided into aliquots and frozen at —80 °C. All the samples for an
individual were then tested in a same assay run for quantification.

RNA was extracted from 200 ul of nasal wash without antibiot-
ics using the automated NucliSens easyMAG system {Biomerieux).
Elution of the extracted nucleic acids was performed in 70 pl.

Influenza A virus was detected and quantified using a real time
reverse transcription quantitative polymerase chain reaction (rt
RTgPCR) on the influenza A M gene as described previously (Duch-
amp et al., 2010). The results were expressed in log, copies of RNA
genome equivalentfpl of nasal wash or nasal swab (abbreviated
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log, s cgeq/ull In order to control sample quality (presence of cells
in the sample), a rt RTqPCR was performed on the glyceraldehyde
3-phosphate dehydrogenase {CAPDH) intracellular gene (Wong
et al. 2005; Duval et al, 2010) and an adjustment was made for
the amount of GAPDH in the sample and the mean CAPDH for all
samples. The GAPDH quantification gave comparable cell numbers
results between groups with a mean Ct of 2507 +3.01 (5.06
logpcgeq/ul) and 25.78 £+ 2.61 (469 log,,cgeqful) for (O) and
(O +Z) groups respectively. The GAPDH adjusted M gene values
were obtained by dividing the M gene value by the ratio (GAPDH
value/GCAPDH mean for all values). The results were expressed in
log,o cgeq/ul The final statistical analysis was performed consider-
ing the initial and the GAPDH adjusted M gene quantification
values (Duval et al,, 2010). As the results were similar and in order
to avoid any confusion, we will present only the wiral load
corresponding to the GAPDH adjusted M gene guantification
values.

The influenza A virus subtyping was performed on the first sam-
ple (nasal wash) received for each patient using a RT-PCR specifi-
cally targeting the N1 segment of A(HI1N1)pdm09 virus (primers
and probes are available upon request at grippe@pasteur.fr).

The one-step allelic discrimination real-time RT-PCR used on A/
Brishane(59/2007 (H1M1) = related viruses (Carr et al,, 2008) was
adapted and carried out on A(HI1N1)pdm09 viruses. This RT-PCR
uses two probes, which specifically detect the presence of a His
(H} or Tyr (Y] in position 275 of N1 for A{(H1N1)}pdm09 viruses,
The oligonucleotide primers (900 nM final concentration, Eurogen-
tec) were as follows: N15WFor (sense); 5-CAG GCC TCA TAC AAG
ATC TTC AGA-3' and N15SWRev (antisense): 5'-CAC TAG AAT CAC
GAT AAC ACG AGC-3". The two allele specific probes {200 nM final
concentration, Applied) with 5'dyes and 3" minor groove binding
non fluorescent quenchers (MGBNFQ) were as follows: the osel-
tamivir sensitive probe N15WH275 VIC = 5-CTC ATA GTG ATA
ATT A-MGBNFQ and the oseltamivir resistant probe N1SWH275
FAM = 5-CCT CAT AGT AAT AAT TA-MGBNFQ. We used 5 pl of
RMA eluate in a 25 pl reaction volume with the SuperScriptlil
Platinum One-Step gRT-PCR system (Invitrogen) on Applied
Biosystems 7500 with the following cycling parameters; 50 *C for
15 min, 95 °C for 15 s, and 60 °C for 40 s for 45 cycles. The capacity
of this RT-PCR to detect H275Y NA mutated viruses was confirmed
using two oseltamivir-resistant viruses isolated by cell culture
from patients admitted in intensive care unit and treated by osel-
tamivir. The 1Cs; for oseltamivir of these isolates, determined by
fluorometric MA inhibition assay using the MUMAMA substrate
(Sigma=Aldrich) as described previously (Ferraris et al, 2005),
were 232 nM and 178 nM compared to a mean of 0.46 + 0.23 nM
for 192 sensitive A{HIN1)pdm09 influenza viruses isolated in
2009-2010 {Escuret et al., 20011 ). Sequencing of these isolates con-
firmed that their oseltamivir-resistance was due to the H275Y NA
mutation. As in previous studies, we amplified a 112-bp cDNA frag-
ment from isolates with a sequence confirmed for H275 or ¥275
with the Qiagen one-step RT-PCR kit. These amplicons were puri-
fied using a PCR purification kit (Qiagen) and quantified on a Mano-
drop (ND=-1000 spectrophotometer). We generated standard curves
with serial dilutions of quantified amplicons, Assays were per-
formed in triplicate for each target. Linear curves were obtained
over the range of 10" to 10® copies, the slopes were —3.35 and
—3.33 for H275 and ¥275 respectively with correlation coefficients
=0.99 for both targets. The sensitivity of this RT-PCR was 10 copies
for the detection of the H275Y NA mutation (2020 reactions de-
tected) and was between 10 and 100 copies for the detection of
the wild tvpe virus ( 17/20 reactions detected for 10 copies). Mixed
populations of wild=type and H275Y NA mutated influenza
A(HINT})pdm09 viruses could be detected using this allelic dis-
crimination RT-PCE. At least 10% of H275Y MA mutated virus could
be detected in a mixed viral population.

Frozen aliquots of nasal samples that were detected positive for
influenza by the M gene rt RTqPCR were inoculated in MDCK (Ma-
din Darby Canine Kidney) cells (from ATCC, product N* CCL-34).
Cells were cultured in a growth medium: Eagle's Minimum essen=
tial Medium (EMEM, Biowhittaker 12-125F) with L-Glutamine 1%
(200 mM; Biowhittaker 17-605E), Penicillin-Streptomycin 2%
(25000 U/ml and 25000 pg/ml; Biowhittaker 17=719R) and SVF
2%, For the virus culture the medium was EMEM with L-Glutamine
1%, Penicillin=Streptomycin 2% and trypsin TPCK 2 pg/ml (Boehrin=
ger Mannheim 109819).

The presence of virus in cell culture was assessed by the M gene
rt RTgPCR performed on dilutions (1/1000) of supernatant col-
lected at day 4 after inoculation. However when the Ct was high
(Ct = 38) and could correspond to a dilution of the inoculum we
did a second passage in cell culture. The virus presence was tested
by fAuorometric NA activity assay with MUNAMA substrate in the
2nd passage supernatant as previously described (Ferraris et al.,
2005)

2.4. Sample size

The sample size was calculated using the one-step Fleming
method (Fleming, 1982).

Our hyporheses were based on the results of previous studies
{Hayden et al.. 1999; Treanor et al., 2000). The first controlled trial
on oseltamivir efficacy was conducted in 69 healthy adult volun-
teers inoculated intranasally with influenza AfTexas/36/1991
(HINT) wirus. There were 4 treatment groups with oseltamivir:
20 (n=15), 100 {n=14), 200 mg twice daily (n = 14}, 200 mg once
daily (n=13) and 1 placebo group (n = 13). Administration began
ar 28 h after inoculation and continued for 5 days. The median
duration of viral excretion estimated in cell culture was reduced
from 107 h in the placebo group (13 patients) to 58 h in the com-
bined oseltamivir treated patients (56 patients) (Hayden et al.
1594). In the study conducted in naturally influenza-infected pa-
tients, the patients were treated by oseltamivir 75 mg twice daily
(m=124), or oseltamivir 150 mg twice daily (n= 121} or placebo
{n=129). The median duration of iliness before study was similar
in all 3 treatment groups (26, 24 and 27 h in the placebo, oseltam-
ivir 75 mg and 150 mg groups, respectively). The proportion of pa-
tients shedding virus at each time point were similar in all 3
groups: 15% and 72% of patients had a negative viral excretion esti-
mated in cell culture after 24 h and 72 h respectively, whether they
were treated by oseltamivir or placebo (Treanor et al, 2000). We
then hypothesised that 50% and 80% of the patients would have a
negative nasal wash in cell culture at 48 and 72 h respectively with
an oseltamivir monotherapy according to the resulis of these pre-
vious studies (Hayden et al., 1999; Treanor et al.. 2000).

Comparisons between cell culture and the rt RT-gPCR on the M
gene showed that samples with less than 3 logwe cgeq/pl generally
do not grow in cell culture. This threshold was defined after anal-
ysis of 405 nasal specimens collected between the 1-09-2009 and
the 31-12-2009 for routine surveillance in south of France in the
frame of the GROG (groupes régionaux d'observation de la grippe)
network, detected positive by it RT-qPCR for influenza A M gene
and A[HIN1)pdm09 and inoculated for viral cell culture. Briefly,
on a total of 405 samples, 268 and 137 samples had a positve
and negative viral isolation in cell culture respectively. We com-
pared the results given by different thresholds (between 5.23 and
0.85 logyp cgeq/ul) with the observed results of viral cell culture.
We could then define proportions of true positive (when viral load
was > threshold with viral isolation), false positive (when viral load
was > threshold with no viral isolation), false negative (when viral
load was < threshold with viral isolation) and true negative {when
viral load was = threshold with no viral isolation). After analysis of
the results, the threshold of 3 log,, cgeqfpl gave the best compro-
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mise with a sensitivity of 0.95 (which means that 95% of infectious
samples have a viral load >3 log,gcgeqful); a positive predictive
value of 0.76 (which means that there is a probability of 76% that
the sample is infectious if its viral load is superior to 3 log, c-
geqful) and a negative predictive value of 0.80 (which means that
there is a probability of 80% that the sample is not infectious if its
viral load is inferior to 3 log,q cgeq/pl).

The objective was to demonstrate that the combinations of anti-
viral drugs would have a 48-h efficacy compared with the 72-h
efficacy of oseltamivir alone. Therefore, bitherapies would be con-
sidered effective if the percentage of patients treated by bithera-
pies with an influenza A viral load under 3 log,s cgegful (the M
gene) is 80% at 48 h.

With o =5%, power=80%, with PO=maximum probability of
inefficacy fixed at 50%, Pa, the minimum probability of inefficacy
fixed at 80%. The following formulae give the number of patients
needed per group 5:

N = ({21 - pipa(1 - pa))1/2 +21 — a(p0(1 — p0))1/2}/(pa - pO})’
5 = [NpO -+ (21 — x(NpO(1 — p0})1/2]" + 1

The minimum required sample size was 15 people per arm, but
we aimed at recruiting 20 per arm. We assumed that 25% of pa-
tients would not meet inclusion criteria. Patients with missing
samples were not replaced.

2.5, Efficacy end points

The primary criterion was the percentage of patients with a vir-
al load under 3 loge cgeqfpl. This was quantified 48 h after treat-
ment start using a rt RTqPCR on the influenza A M gene, adjusted to
the GAPDH gene.

Other criteria included the evolution profile of the influenza vir-
al load, the duration of influenza symptoms, the safety of the
bitherapies, and the cccurrence of oseltamivir-resistance.

2.6. Sratistical analysis

The statistical analysis was performed according to the inten-
tion to treat principle, i.e. all patients were analysed in the treat=
ment group they were allocated in. However, missing data were
not replaced.

The percentages of patients with an influenza A viral load under
3 logiocgeq/ul at 48 h were calculated and compared between
oseltamivir=zanamivir bitherapy and the oseltamivir monotherapy
using a chi® test. They were then compared to the 80% theoretical
threshold using an exact test based on the binomial distribution.
The viral load decrease was estimated and compared between
reatment groups using a multilevel linear regression model
accounting for repeated measurements over fime.

The analysis was performed considering the time from the
beginning of treatment or time from the beginning of symptoms
(data not shown) and conducted to similar results,

The median delay for alleviating all symptoms was defined as
the time between drug initiation and symptom alleviation. Symp-
tom alleviation was defined as the first day during which all the
studied symptoms (chills, aches, headache, fatigue, cough, pharyn-
gitis, sore throat or nasal congestion, expectoration, otitis, digestive
disturbance} were absent or mild. It was compared between
groups using a Kruskal-Wallis test. For patients with no symptom
alleviation at the last visit, the delay was considered to be seven
days {corresponding to the last visit).

3. Results
3.1. Patients

Between 1 October 2009 and 18 January 2010, 25 out-patients
were recruited, 20 in the Lyon area and 5 in the Paris area. Out
of these, 12 and 13 patients were randomised into the [0 +Z)
and (0} groups respectively. The virus was not amplified with
the specific M gene RTgPCR in one patient’s nasal sample, even
though he had first a positive diagnosis for influenza A by rapid
testing. A rotal of 24 patients were analysed, 12 in each group of
treatment. All the patients had a proven infection with the
A(HIN1)pdm0?9 influenza virus as the M1 gene specific of
A{HIN1)pdm09 virus was detected positive on the first nasal wash
of each patient. We could not detect any significant differences in
the demographic and clinical characteristics of the patients be-
rween treatment groups before treatment (Table 1). Most patients
presented general constitutional symptoms such as chills, aches,
fatigue, headache and cough. Other symptoms (pharyngitis, sore
throat or nasal congestion, expectoration, otitis, or digestive distur-
bance) were less frequent.

32, Primary criterion

At inclusion, all patients had more than 3 log,q cgeq/pl in their
nasal wash. After two days of treatment, only 1 {8.3%) patient in
each group had a viral load under 3 log,, cgeqfpl (Table 2). The
percentage of patients under the threshold of 3 log,o cgeqful was
far below the B0% rate expected in the (O + Z) group. After using lo-
gistic regression to analyze the proportion of patients under the
threshold, we did not identify any significant differences between
treatment groups. We obtained interpretable cell culture results
for 9 (75%) and 7 (58.3%) patients, in the (O + Z) and (0) treatment
groups, respectively. After two days of treatment 5 (55.6%) and 2
(28.6%) patients had a nezative influenza virus cell culture in the
(0 + Z) and {0} groups respectively (Table 3). We could not detect
any significant difference berween the treatment groups but 8
(88.9%) and 3 (42.9%) patients had a negative influenza virus in cell
culture after 3 days of treatment in the (0+Z) and (D) groups
respectively (Table 3).

Table 1
Demographic and clinical charactenisthcs of the patients at inclusion before trearment.
Oseltamivir + Zanamivir  Oselamivir
Demagrophic characterisrics
N 12 12
Male sex rario (n, ¥} 4(33.3) 6 (50.0)
Age (years)
Mean [50Y) 358 (106) 328 (12.5)
{min-max) {21.9-55.2) {1%.1-51.7)
Defay from the beginning of symproms [(hours)
Mean (50 250({13.5) 23.9(94)
Maderate or severe dinfral sympioms
Highest temperamre {*C)
Mean (50) 189 {0.4) 0.2 (o)
Consrinerionn ympioms
Chills ared/or sweats (o, &) 10 (B3.3) O (75.0)
Aches (n, ¥} 11{21.7) 10 (83.3)
Fatigue (n, %) {913 11 (91.7)
Headache {n, %) 12 (100.0) B (B6.T)
Respiratory symproms
Cough (n. %) 4(75.0) 12 (100.0)
Pharyngitis (n. %) 4(33.3) 5(41.7)
Sore throat or nasal congestion (n, 7 (5B.3) 6 (50.0)
)
Grher symprams
Expectoration (n, %) 3(25.0) 1{%1)
Oitis (n, %) 1(83) ooy
Digestive disturbance (n, %) 1(83) 3(25.00
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Table 2
Mumber of patents with a viral load above 3 log,, cgeqfpl according to meatment
group and time of sampling.

Days of treatment Treatment p Walue"
(O+Z) (ay {0+ 2) versus (0
(n=12) fn=12)

Mumiber of panents with virgl lood above the 3 logro czeq/ul threshold (%)

Day 0 12 (100.0%) 12 (100.0%)
Day 1 11 (91.7%) 11 (91.7E)
Day 2 11 (91.7%) 11 [91.7%) 1.00
Day 3 10 (B3.3%) B (66.7X)
Day 4 & (50.0%) 4(33.3%)
Day 5 0f11" {0.0%) AT1Y [I6.4%)
Day 7 o1t (ook) ot (1sex)
{O+Z) means oseltamivir-zanamivir bitherapy, (0) means oseltamivie

monotherapy.
At days 01 specimens consisted in nasal washes. At days 5 and 7 spedmens were
nasal swabs performed in order o control the negativation of viml excretion

* Sravistical analysis was performed considering the number of patients with viral
load undes the 3 log,, cgeqpl threshold.

" tamples were missing for some patients ar days 5 and 7 and percenrages were
calculated out of 11 patents.

3.3. Mean viral load decrease based on treatment group

At day 0, the mean viral load was between 6.4 and 6.6 logyg c=
geq/ul according to the group. These mean viral loads decreased
regularly in the two groups to reach berween 2.6 and 2.8 log,, c-
geqfpl after four days of treatment, The mean viral load decreased
regularly and similarly between the treatment groups. The mean
viral load decreased 0.96 logy, per day and 0.54 log, per day in
the (O +Z) and (O] groups respectively. There was no significant
difference between the two groups (Table 4).

3.4 Resolurion of symptoms of influenza-like illness during treatment

The median duration of illness before inclusion was of 24 h
whatever the group of treatment. There was no significant differ-
ence in the median delay for symptom alleviation between groups,
with 4 days in the (0 + Z) group versus 5.5 days in the (0] group.

3.5 Adverse evenis

Treatment-related adverse events were reported for 3 and 1 pa-
tents in the (O+Z) and (D) groups, respectively. These adverse

Table 3
MNumber of patients with a positive influenza virus culture according to freatment
group and rime of sampling.

Days of reatment Treatment
(0= Z) (o)
{n=94 [n=79
Mumber of petients with a posirive influenza virus in cell cwlture (2)
Day 0 9 (100.0%) 7 (100.0%)
Day 1 T77.8%) 5 (71.4%)
Day 2 4 [44.4%) 5(71.4%)
Day 3 1(11.1%) 4(57.1%)
Day 4 0 {00y 1(14.3%)
Day 5 0 (0.0) 6" (0.0%)
Day 7 Of8Y [0.0) 6= (0L0%)
(G+Z) means oselfamivir-zanamivir bitherapy, (0) means oseltamivir
monarherapy.

* These results are for a subser of patients with a day 0 sample positive for
influenza and with cell culure results availabie for all the samples received.

" Samples at days 5 and 7 were missing for some patients. We could supposs thas
these missing samples would have been negative as the viral excretion was already
negative for these patients at least one day before,

events were headaches, nausea, vomiting, and gastralgia in the
(0 + Z) group and nightmares in the (0) group.

Two severe adverse events were notified during the study but
only one was judged to be oseltamivir related. It was a post pran-
dial gastralgia successfully treated by lanzoprazole,

3.6, Emergence of resistance to oseltamivir

We tested the presence of the H275Y MA mutation responsible
for oseltamivir-resistance with an allele-specific rt RT-PCR in order
to detect a possible emergence of oseltamivir-resistance. This test
was performed on the nasal wash after 3 days of treatment (or
2 days of treatment when the detection of the M gene was negative
at day 3) for all patients and on all samples for patients presenting
a low viral load decrease. The mean Ct detecting the presence of an
H in position 275 of the NA was 324+ 544 and 34.6 +4.07 for
samples after 3 days of treatment {or 2 days of treatment in three
cases) from patients reated by (0) monotherapy or (0 + Z) combi-
nation therapy respectively. With this approach we did not detect
any H275Y NA mutation in the patients treated by (0 + Z) combi-
nation therapy or {0) monotherapy.

4. Discussion

This clinical trial aimed to study the antiviral efficacy and toler=
ahility of oseltamivir-zanamivir (O + Z) combination therapy com-
pared to oseltamivir monotherapy (0) and was conducted during
the A(HIN1)pdm(9 virus pandemic in 2009-2010. To our knowl-
edge, our study is the first one to evaluate the antiviral efficacy
of this combination therapy in vivo on the A{HIN1)pdm09 virus:

We hypothesised that a combination of antiviral agents may
lead to more rapid viral clearance and to reduction in the emer-
gence of resistant viral strains, Our hypotheses were the extrapola-
tions of previous studies” results (Hayden et al, 1999; Treanor
et al.. 2000) that are briefly described in material and methods sec-
tion. We hypothesised from these studies thar around 15%, 50% and
80% of patients should have a negative viral excretion after 24, 48
and 72 h of treatment by oseltamivir monotherapy. We then ex-
pected that 50% and 80% of the parients would be detected nega-
tive by influenza wvirus cell culture and would have a viral load
under the threshold of 3 log,, cgeqg/pl after 48 h of oseltamivir
monotherapy and oseltamivir-zanamivir bitherapy respectively.
The results we obtained after viral cell culture for a few samples
are similar to those of previous studies albeit the low number of in-
cluded patients prevents extensive interpretation. However, it is
only after 3 days of treatment, and not 2 days as expected, that
nearly 43% and 89% of patients had a negative viral excretion with
oseltamivir monotherapy or oseltamivir=zanamivir bitherapy
respectively.

If we consider the results of the M gene amplication, after 48 h
of treatment, patients with a viral load under 3 logo cgeq/ul were
only 8.3% in both the (O + Z) and {0} groups respectively. In our
study, the detection of viral excretion was performed by real-time
ETqPCR. When samples were collected in patients presenting less
than three days after symptom onset, viral culture and RT-PCR
gave comparable resules for the detection of A[H1MN1 )pdm09 virus
{Cheng et al, 2010). In our hands, there was a probability of 80%
that the A{(HIN1)pdm09 viral culture was negative when the viral
load esrimated by M gene quantification was under the threshold
of 3 logg cgeq/pl. Previous studies estimated viral load by tissue
culture-infective doses and discrepancies between tissue culture-
infective doses and real time RTqPCR could explain differences be=
tween the hypotheses and the observed results. There is a large dif-
ference between the expected and observed percentages of
patients with a viral load under the threshold of 3 log,, cgeq/pl
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Table 4
Mean viral load decrease from day 0 and day after day according to trearment group.
Treament p Value
[O+2) (o) {0+ 2] versus (O)
{n=12) [m=12)
Mo virel Ioad decrease (50)
Decrease from day o Day 0-1 1.30 {0.98) 1,05 (LT0)
Day 0-2 258 {1.05) 2.16 (1.55)
Day -3 3a8{123) 273 (212)
Day 0-4 3.70 (1.56) 3.76 (1.89)
Decrease day after day®™ Diay -1 1.30 {D.98) 105 {0L70)
Day 1-2 128 {0.78) 111 {1.20)
Day 2-3 0685 (051) 058 (1.03)
Day 3-4 0.59° (1.09) 1.02 (1.65)
Estimared slope 0.96 {0.12) 0.4 (0.12) 0.90

{0+ 2) means oseltamivir-zanamivir bitherapy, {0) means eseltamivir monotherapy.
Wiral load is expressed in (M gene adjusted 1o GAPDH) log,, cgeq/ul of nasal wash,

# Mean viral load decrease from day 0 was caboulated by subtracting the viral load at day 1, 2, 3 or 4 to the viral load ar day 0for each patient in
each group. Then a mean and a standard deviation (S0} was caloulated for each day {1 to 4) and for each patient group.

b Mean viral load decrease day after day was calculated by subtracting the viral Inad at day 1, 2, 3, or 4 to the viral load of the day before. Then a
mean anid a S0 was calculated for each day (day 0 to 1 day 1 to 2, etc.) and for each patient group.

® For one patient in the (O + 2} group the nasal wash received ar day 3 had no GADPH gene detected and could not be interpreted. The
calculation of mean viral load decrease berween days 2 and 3 and betwesn days 3 and 4 was then obtained considering 11 instead of 12 parients.

Because of this we think the evolution profile of influenza viral
Ioad and the occurrence of oseltamivir-resistance are better crite=
ria for evaluating antiviral efficacy.

We could not detect any significant difference between treat-
ment groups in the mean viral loads, the evolution of the viral
loads, che delay for symptom alleviation and the occurrence of ad-
verse events. The included population corresponds to the targeted
population (age, sex, free of concomitant disease) as well as the
symptom duration before treatment. However, the absence of sig-
nificant difference could be due to the low number of patients in-
cluded in our study that represents only B0% of the minimum
expected number of patients (a minimum of 15 evaluahle patients
Per group were expected).

Our study was conducted in healthy adults infecred wich influ-
enza A{H1N1)pdm09 virus and we could not find any difference in
treatment efficacy between the oseltamivir-zanamivir combina-
tion and oseltamivir alone. In the randomised placebo-controfled
trial conducted in adults with 2008-2009 seasonal influenza
A[H3N2) virus infection, the oseltamivir-zanamivir combination
appeared less effective than oseltamivir monotherapy (Duval
et al.. 2010). In a study conducted in vitro on the A[HIN1 jpdm09
virus, the combination of zanamivir and OC or peramivir showed
additivity to  moderate antagonism  against  influenza
A[H1N1)pdm03 virus (MNguyen et al., 2010). Due to the low number
of patients we were probably not able to perform analyses of viral
load profiles powerful enough to detect small differences between
treatment groups.

Our study was performed in healthy adults, However, the opti-
mization of the antiviral treatment is important for critically ill pa-
tients. A study was conducted in Denmark in 21 patients admitted
in intensive care unit (ICU), infected with influenza
A[H1N1 )pdmO9 virus and treated with oseltamivir {150 mg twice
a day) via a nasogastric tube and zanamivir (50 mg twice a day)
administered in a soluble form for intravenous administration by
a nebulizer in the inspiratory ventilator tube. The treatment was
started more than 48 h after the first symptoms appeared and
could explain a low efficiency of the antiviral treatment for these
patients: 76% and 47 6% had a positive RT-PCR for A(H1N1 )pdm09
at 7 and 10 days after the treatment start respectively. The mortal-
ity in these patients was high despite the combined antiviral treat-
ment which could not prevent the development of acute lung
injury {Petersen et al., 2011},

One major strength of our study is the close patient monitor-
ing and virological analysis with nasal washes or swabs per-
formed nearly every day for seven days and RTgPCR which
allowed for a good estimation of viral decrease under treatment.
We observed a regular decrease around 1.0 log,qcgeqful every
day in both treatment group. When comparing our results with
those of the previous trial conducted on A{H3N2), we observed a
similar decrease of 2 log.e cgeqfpl in the wiral load after two
days of treatment despite some differences between trials, based
on the type of neuraminidase and the duration of viral load
follow-up (Duval et al., 20010).

‘We did not detect any H275Y NA mutation responsible for osel=
tamivir-resistance in both groups of treatment, The risk of osel-
tamivir-resistance emergence was low. This may be due to the
fact that our population was adult and that influenza symptoms
were mild. Oseltamivir-resistance emergence is preferentially ob-
served in the context of prolonged viral excretion often associated
with a paediatric population {Whitley et al., 2001, Kiso et al., 2004;
Tamura et al. 2011). immunosuppressien {Ison et al, 2006;
Tramontana et al, 2000; Hill-<Cawthorne et al., 2010}, or severe
cases (WHO, 2010; Petersen et al, 2011).

There are some limitations to our study. First, the low number
of enrolled patients prevented us from detecting small differences
between treatment groups, We decided to monitor patients closely
for seven days to detect any possible oseltamivir-resistant influ-
enza viruses. It was very difficult to include more patients with
such a close follow-up. However, if combination therapy had a
marked benefit in term of antiviral efficacy as expected in our first
hypothesis, this could have been shown even with the few enrolled
patients. We decided not to continue the study for a second flu sea-
son because we could not detect any significant difference and pre-
vious studies and in vitro data were unable to detect any advantage
with the combinations therapies tested either. Secondly, our trial
was conducted in adult ourpatients that are at a low risk for osel-
tamivir-resistance. Close patient monitoring allowed us to detect
possible oseltamivir-resistant viruses that occured late in the
course of treatment. However, it was difficult to implement our
clinical trial in children, immunocompromised patients or those
with a severe presentation making them at a higher potential risk
of developing oseltamivir-resistant variants.

Our study could not detect whether the combination therapy
{0 +Z) improves or reduces the effectiveness of oseltamivir in
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clinical practice for the treatment of influenza A{H1MN1)pdm09
virus infection in an out-patient setting.

Alternative antiviral treatments to oseltamivir monotherapy are
still needed against influenza infections mostly in severely ill and/
or immunocompromised patients (Petersen et al., 2011). The triple
combination of oseltamivir carboxylate, amantadine, and ribavirin
was shown to be synergistic in vitro for amantadine- or oseltami-
vir-resistant strains (Nguyen et al., 2010), was superior to double
combinations and single agents at suppressing resistance emer-
gence in vitro (Hoopes er al. 2011). and was synergistic for
A[H5M1) and A(HIM1)pdm09 virus infection in mice {Nguyen
et al., 2012}). Clinical studies are in progress to identify the poten-
tial benefits of this triple combination in humans (Nguyen et al.,
2012). New antiviral agents, like favipiravir or DAS181 are promis-
ing as new influenza antiviral agents with novel mechanisms of ac-
tion {Boltz et al., 2010).

5. Conclusions

Due to the limited sample size we could not detect any thera-
peutic benefit in using oseltamivir-zanamivir bitherapy compared
to oseltamivir monotherapy for ambulatory patients infected with
influenza A(HIN1)pdm09 virus. Other studies are necessary to
confirm this result and to improve the antiviral treatment of pa-
fients infected with influenza, especially for those who are immu-
nocompromised and severely ill.
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4.1.2 Essai Bivir: bithérapie (oseltamivir + zanamivir) comparée a l'oseltamivir ou au

zanamivir seul dans le traitement de la grippe (artle 2)
Dans le contexte décrit préecédemment d’émergencgédistance naturelle a I'oseltamivir (88, 89)
et de préparation au risque pandémique, il estrapppportun de déterminer s'il existait un
bénéfice virologique (durée d’excrétion virale) aihique (durée des symptdomes) a l'utilisation
d’'une bithérapie associant deux INA. Ce travaitelgherche a été réalisé dans le cadre d’'un projet
hospitalier de recherche clinique (PHRC). En palaltle 'essai Combina, un essai plus large a été
mis en place. L'objectif était de comparer I'effité d’'un traitement par une bithérapie oseltamivir

+ zanamivir en comparaison de chaque monothérapie.

Cet essai en double aveugle a été mené en médpanmdzale en France au cours de la saison
hivernale 2008-2009. Les inclusions concernaiest patients adultes vus en consultation et
présentant un syndrome grippal depuis moins dea86hb un test de diagnostic rapide positif pour
la grippe. Les personnes incluses étaient randesidéns I'un des trois bras de I'essai : oseltamivi
+ zanamivir (OZ), oseltamivir + un placebo inhaf#),(ou zanamivir + un placebo par voie orale
(2) pendant 5 jours. L'efficacité du traitementitéévaluée sur un critere de jugement principal
virologique (proportion de patients avec une chatigge négative au deuxieme jour de traitement
(J2)), et un critere de jugement secondaire clmiswr la durée des symptomes. Il était initialement
prévu l'inclusion de 900 patients au cours de dépixiémies de grippe saisonniere (2008/2009 et
2009/2010). Mais en raison de I'émergence de ldémare grippale due au virus A(HIN1)pdmO09
en avril 2009 en Amérique du Nord (12), et sa pgagpian dans le monde entier dans les mois qui
ont suivi, le comité indépendant de I'essai a daigague soit mis fin a I'essai au bout d’'un an et
gue les résultats soient analysés plus tét queupeaayregard de l'impact possible des conclusions

en matiére de gestion de traitement antiviral pehi@apandémie.

Au total, 541 patients ont été inclus. Dans l'agalgn intention de traiter menée chez les 447

patients atteints a JO d’une grippe de type A corde par RT-PCR, respectivement 46%, 59%, et
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34% dans les bras OZ (n = 157), O (n = 141), eh Z (149) avaient une RT-PCR négative, avec
une différence significative pour les comparais0a¢O et OZ/Z (respectivement -13,0% [IC95% :

-23,1 a -2.9] et + 12,3% [IC95% : 2,39 a 22,2]).diaée moyenne de disparition des symptdomes
était de 4, 3 et 4 jours (+1,0 [IC95% : 0,0 a €0} 0,0 [IC95% : -3.0 a 3,0]). Quatre événements
indésirables graves ont été observés. Les naugéesvemissements avaient tendance a étre plus

fréquents dans le bras de la bithérapie (OZ, n;=0131 = 4 et Z, n = 5 patients, respectivement).

Chez les adultes présentant une grippe, majortan¢ de type A(H3NZ2), un traitement en
association oseltamivir + zanamivir semblait maafficace que l'oseltamivir en monothérapie, et
faiblement plus efficace que le zanamivir en moé@ahie. Ce résultat, important pour la prise ne
charge des patients présentant une forme partieaignt grave de grippe saisonniére et pour la
préparation d’'une future pandémie, semblait robasteegard des points suivants : i) il a été obtenu
lors d’'un essai en double aveugle, ii) il existaite concordance entre les résultats cliniques et
virologiques, et iii) il a été retrouvé dans lefféients sous-groupes de I'étude (les 541 patients
inclus, les 447 ayant présenté une grippe confiretdes 382 ayant présenté une grippe confirmée
et ayant bien suivi le traitement prescrit). Conéraent a ce qui avait été évoqué sur la
complémentarité possible de I'oseltamivir et duaraivir, qui interagissent de fagon différente
avec la neuraminidase (1), une études in vitrosaemiavant le peu de synergie qui existait ense ce
deux molécules (97), expliquant probablement lesiltéts retrouvés dans l'essai Bivir. Chez
’homme, en dehors des essais Combina et Bivirlesedeux études non comparatives ont été
réalisées en réanimation lors de la pandémie A(HAth09 sans montrer d’intérét de la bithérapie
oseltamivir-zanamivir (92, 93). Aucun autre essaidomisé n’a été réalisé a ce jour chez 'lhomme
pour tester cette association. Seul un essai camadcent chez la souris est disponible (98). Il
concluait que l'association oseltamivir + zanamigirait une efficacité comparable a celle du
zanamivir seul, mais supérieure a celle de I'os@lta. Des questions étaient toutefois poséesesur |

dosage de zanamivir utilisé dans cette étude rapOssibilité de dire qu'’il pouvait étre considéré

VAE - Utilisation des antiviraux dans le traitemeletla grippe 35



comme identique a celui utilisé chez 'lhomme. Learaivir était de plus utilisé en intranasal et non

en aérosol. Un tableau de synthése sur les étudiesny évalué l'association oseltamivir —

zanamivir est présenté

ci-dessous. Ainsi, malgrépdeéentiel théorique de la réduction de

I'émergence de la résistance aux antiviraux, laldafficacité de cette combinaison observée a ce

jour n"appelle pas a son utilisation en pratigueigle.

Tableau de synthése des études réalisées sucd@f® de l'association de deux INA dans le

traitement de la grippe

Etude Contexte Type Bras de traitement Virus grippa Nombre
étudié de sujets
Nguyen JT | In vitro Etude Différentes associations : | A(HIN1)pdmQ09 | -
etal (97) comparative oseltamivir, zanamivir,
peramivir, amantadine,
ribavirine
Pizzorno A | Souris Essai oseltamivir-zanamivir vs. A(HIN1)pdm09 | 48
et al (98) randomisé | oseltamivir ou zanamivir seulet A(H3N2)
Chan KKC | Homme en| Etude oseltamivir-zanamivir et A(H1IN1)pdm09 7
et al (93) réanimation| descriptive | oseltamivir seul
Petersen E | Homme en| Etude oseltamivir-zanamivir A(HIN1)pdmO09 21
et al (92) réanimation| descriptive
EscuretV | Homme en| Essai oseltamivir-zanamivir vs. A(HIN1)pdm09 24
et al (35) médecine | randomisé | oseltamivir seul
générale
Duval X et | Homme en| Essai oseltamivir-zanamivir vs. A(H3N2) 541
al (36) médecine | randomisé | oseltamivir ou zanamivir seul
générale

Les résultats de cette étude ont été publiés dank®S Medicine (36) :

- Duval X, van der Werf SBlanchon T, Mosnier A, Bouscambert-Duchamp M, Tibi A, Enouf V
Charlois-Ou C, Vincent C, Andreoletti L, Tubach IlEpa B, Mentre F, Leport C. Efficacy of

oseltamivir-zanamivir combination compared to eawobnotherapy for seasonal influenza: a
randomized placebo-controlled trial. PLoS Med. 20(11):e1000362.
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Abstract

Background: Neuraminidase inhibitors are thought to be efficacious in reducing the time to alleviation of symptoms in
outpatients with seasonal influenza. The objective of this study was to compare the short-term virological efficacy of
oseltamivir-zanamivir combination versus each monothermpy plus placebo.

Methods and Findings: We conducted a randomized placebo-controlled trial with 145 general practitioners throughout
France during the 2008-2009 seasonal influenza epidemic. Patients, general practitioners, and outcome assessors were all
blinded to treatment assignment. Adult outpatients presenting influenza-like illness for less than 36 hours and a positive
influenza A rapid test diagnosis were randomized to oseltamivir 75 mg orally twice daily plus zanamivir 10 mg by inhalation
twice daily (OZ), oseltamivir plus inhaled placebo (0), or zanamivir plus oral placebo (Z). Treatment efficacy was assessed
virologically according to the proportion of patients with nasal influenza reverse transcription (RT}-PCR below 200 copies
genome equivalent (cgeq)/ul at day 2 (primary outcome), and clinically to the time to alleviation of symptoms until day 14.
Overall 541 patients {of the 900 planned) were included (OZ, n=192; 0, n=176; Z, n= 173}, 45% male, mean age 39 years. In
the intention-to-treat analysis conducted in the 447 patients with RT-PCR-confirmed influenza A, 46%, 59%, and 34% in OZ
(n=157), O {n=141), and Z (n= 149) arms had RT-PCR<_200 cgeq/pl (—13.0%, 95% confidence interval [(] —23.1 to —2.9,
p=0.025; +12.3%, 95% (1 2.39-22 2, p=0.028 for OZ/0 and OZ/¥ comparisons). Mean day 0 to day 2 viral load decrease was
2.14, 249, and 1.68 log,, cgeg/pl {p=0.060, p=0.016 for OZ/0 and OZ/Z). Median time to alleviation of symptoms was 4.0,
3.0, and 4.0 days (+1.0, 95% C1 0.0-4.0, p=0.018; +0.0, 95% Cl —3.0 to 3.0, p=0.960 for OZ/0 and OZ/Z). Four severe adverse
events were ocbserved. Nausea and/or vomiting tended to be more frequent in the combination arm (OZ, n=13; O, n=4;
and Z, n=5 patients, respactively).

Conclusions: In adults with seasonal influenza A mainly H3N2 vires infection, the oseltamivir-zanamivir combination
appeared less effective than oseltamivir monotherapy, and not significantly more effective than zanamivir monotherapy.
Despite the theoretical potential for the reduction of the emergence of antiviral resistance, the lower effectiveness of this
combination calls for caution in its use in clinical practice.

Trial registration: http:/fwww.ClinicalTrials.gov NCTOO799760
Please see later in the article for the Editors’ Summary.

(E). PLOS Medicine | www.plosmedicine.org 1 November 2010 | Volume 7 | lssue 11 | 21000362
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Introduction

Newraminidase inhibitors {oseltamivic [0, zanamivir [£]} are
thought to be cificacious as compared o placcho in outpatients
with uncomplicated seasonal influenza [1=6], both climcally n
terms of reduction in duration of symptoms, as well s in terms of a
reduction in viral shedding. In 2008, they were considered an
mmportant strategy to limit the mpact of an influenza pandemic
both individually,. by reducing morbidity and morality, and
collectively, by slowing spread of the virus to allow time for vaccine
production, the comemstone of influenza control [2=4.7]. It was
hypothesized that the widespread use of a single antiviral mighe
result in the emergence of resistant strains whose subsequent
spread could dramatically reduce the effectiveness of antiviral
therapy. The combination of two antiviral agents, ifwell wlerated,
and 1If producing at least addiove antiviral activity, theoretically
offers several advantages: reducing disease severity, viral sheddmg,
and viral excretion period, thereby also lowering the attack rate
and risk of selection of resistant virnses, specifically in individuals
with prolonged viral shedding, swch as  immunocompromised
patients [8.9]. Indeed, mathematical modelling showed a reduc-
tion in risk of emergence of resistant strains during early phases of
a pandemic, associated with use of two antivirals as compared o
single antiviral therapy [9]. Finally, another theoretical advantage
of combining two drugs would be to ensure optimal treatment of
all circulating influenzs virus types, subtypes. or vananis, as
susceptibility of influenza viruses has been shown to vary, and
seasonal HIND viruses natorally resistant o oseltamiar, which
remain susceptible o zanamivir, emerged o 2008 [10]. Among
antivirals active against infloenza vimus, the combination of
neuraminidase inhibitors is attractive, because both compounds
are licensed for seasonal mfluenza, they are delvered to the
respiratory tract by distinet means {directly through a diskhaler for
zanamivir, after gastrointestinal absorption and hepatec metabo-
fism for oseltamivir). and key mutations associated with resistance
are different for each drug. However, negative interactions canniot
not be ruled out owing to the possible competition between these
wo drugs, which target the same hinding pocket in the
neuraminidase.

In 2006, in the context of pandemic planning, we designed a
double-placcha randomized controlled trial in patients presenting
with seasomal influenza-like illness to compare the oseltamiar-
zanamivir comhbination o each of the monotherapies plus placebo.,
The trial was conducted in France, durnng the winter of 2004-
2004, Because of the emergence of the pandemic 2009 (HINT)
virus in humansz, in April 2009 in North America, and its
subsequent worldwide spread, the independent data-monitoring
committee requested that we terminate the trial early and anabze
the results carlier than planned, given the possible impact of the
results on antiviral treamment management during the pandemic

[11].
Methods

Patients

From January 7th o March 15th 2009 (period of the winter
2008=200% influenza epidermic in France), we enrolled throughout
France adults |8 v old and alder who consulted their general
pracitoner within 36 h of influenza sympioms onset (following
the first influenza symptoms reported by the patient), with a
temperature greater than or equal o 38°C {reported or ohserved
by the practitioner), one or more respiratory symptoms. (cough,
sore throat), one or more general symptoms (headache, dizzness,
myalgia, sweats and or chills, fatigue), and a positive nasal rapid
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test for influenza A {Clearview Exact Influenea A & B) performed
by the practitioner. Enrolment of women required a negative urine
pregnancy  fest. Exclusion  criteria were  vaccination  against
influenza during the 2008=2009 season, recent exacerbations of
chronic obstructive pulmonary disease (COPD), asthma or severe
chronic disease, previous history of depression, and prior inclusion
in this mal, Prior o inclusion, patients gave informed written
consent. The protocol was approved by the Ethics Commitiee of
He de France 1 (Texts 51 and 532).

Study Procedures

At enrolment {day 0), a nasal swab for virological analysis was
perormed using a standard operating procedure (sample ki plhas
mstructional video). Patients were allocated to treatment by a
randomization list, with an arm rato of 11, balanced by
practitioner. A computer random number generator was used to
select random permuted blocks of size 3. This mndomisation code
was given 1o the central hospital pharmacy that prepared blinded
treartment units in conformity with good manufacturing practices
(GMP). Each general practiioner received six treatment units and
was told to distribute them by order of inclusion of his patients in
the mrial. Allocation was concealed through the similarity of all the
containers and the impossibility for the GP o denofy the
treatment arm when opening the container. The three treatments
were (1) oscltamivir capsule for oral use plus inhaled sanamiar, (2)
oseltamivir plus inhaled placeba, {3) zanambar plus oral placebo.
Oseltamivir dosage was 75 mg orally twice daiby; zanamivie
dosage was 10 mg by oral inhalation using the commercialized
GilaxoimithKine Diskhaler, twice daily. Actove drugs and placeho
were kindly provided by Roche and Glaxo-SmithKline laboraio-
ries. A wvisiting nurse performed a nasal swab for virological
analysis on day 2. Panents returned to their general practitioner at
day 7 for a follow-up examination, and were contacted by phone
on day 14, Patents, general practifioners assigning the patients,
and outcome assessors (practtioners, virologists, patients), were
blinded to treamment assignment  throughout the study  and
statisiicians uniil the end of the analysis.

Viralogical Analysis

Nasal swahs placed into a transport mediom (Viroeult, Elitech)
were transported at 4°C by special courier to the nearest National
Influenza Centre (NIC) (Hospices Civils de Lyon, Lyon, or Pasteur
Inspitute, Paris, France). Upon arrival, the swab samples were
cluted into 2 ml of ransport medium, processed for real-time
reverse transcripiion (RT)R-PCR analyses and  inoculated  onto
MDCEK cells for virus isolation and subsequent subtyping using a
standard hemagglutination mbibition assay. For RT-PCR anaby-
ses, RNA extracton from MK pl of specimen was performed using
the QLAmp virus RNA mini kit (Qiagen) with RNA elution into a
final volume of 60 pl Al real-tme RT-PCR assays were
perdormed o a final volume of 153 pLl with 5 pl RNA, 0. pbl of
cach primer, (0.2 pM probe, and 08 pl enzyme mix {(Super-
Scaptll platinum one-step quanttative RT-PCR system, Invitro-
gen). Type A influenza virus BNA was detected by a real-ume
RT-PCR targeting the conserved matrix gene using GRAMS TFw
(3-CTTCTAACCGAGGTCGAAACGTA-3)  and GRAMY/
I61 Ry (3'-GGTGACAGGATTG GTCTTGTCTTTA-3") prim-
ers and GRAM probe/52/+ (3 [Fam]-TCAGGOC COTCANA-
AGCCGAG-[BHQ-113") probe. The quality of the specimens was
assessed by real-time RT-PCR wargeting the GAPDH cellular gene
[12]. Amplification was performed on a LightCyeler 480 [Roche
Diagnosacs) (N1C, FPastenr Institute, Pars) or oan ABL 7500
(Applied Biosysiems) (NIC, Lyon). Cyeling conditions are available
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upon recuest. Cluantified syothetc RNA transcrpts corresponding
o the M and GAPDH genes were used as controls in parallel [13].
To take into account the variahility in the quantity of cells
collected by nasal swah, we calculated a normalized influenza viral
load for cach specimen; this normalized viral load was defined as the
ratio of the M RT-PCR and GAPDH RT-PCR multplied by the
average GAPDH RT-PCR at day (¢ to express results in copics of
grnome equivalem/pl (cgeg/pl). The virological response was
defined as a normalized viral load below 200 cgeq/ul at day 2. This
threshald was determined aceording to resilis on specimens from
paticnts with a positive mifluemea A rapid test from winter 200d-
2009 included i the French influenza surveillance network
(GROWG), and analysed by the 2NICs, and because it resulted in
3% false positive and 5% false negative resulis with respect 1o vires
isolation (Table SI). It was validated by the mdependent data-
monitonng committes prior to any analysis. Sensitivity of the gRT-
PCR was assessed wsing serial dilutions of quantified synthetic
ranscripts corresponding w the target genes (Tea 53) To assess
comparability of the data between the two NICs: spocimens were
exchanged showing excellent concordance. The threshold of the
gRT-MCR used was set well above the imit of detection.

Clinical Response

Oiral temperature was recorded and severity of seven symptoms
(nasal smiffiness, sore throat, cough, muscle aches, tiredness or
fatigue, headache, and feverishness) was rated by the patient twice
daily (moming and evening) up to day 5 and then once daily on a
four-point scale {0, nome; 1, mild; 2, moderate; 5, severe) [2=4,14].
The time to resolution of illness was defined as tdme from study
drug mitation o tume of sympiom  alleviagon.  Sympiom
alleviation was defined as the firse 24-h period during which the
above seven symptoms were absent or only mild as previoushy
described [3.4]. Influenza-related clinical events were defined as
incidence of a secondary complication (such as preumonins or omois)
mdeprondently of any antibiotc initiation, and/or ocourrenee of
exacerbation of a preexisting chronic disease, Patients reported
treatment compliance wsing a self-administered questionnaire; full
compliance during the day ) to day 2 penod was considered when
100% of planned drug intakes had been completed.

Endpoints, Analyzed Populations

The primary efficacy endpoint was the proportion of parients
with RT-PCE<200 cgeq/pl on day 2 of treatment. Given the
viral shedding kinetics in patients with seasonal mfluenza recening
neuraminidase mhibitors, the day 2 virological endpoine was
considered o be hest suited 0 measurement of virological effeces
[2.4]. Oiher endpoants were (1) the decrease of logyg viral boad
between days 0 and 2 in the patients with confirmed influenza A
on day ) and available samples both at dayvs 0 and 2; (2) the dme o
resofution of llness; (3} the number of patients with alleviation of
symiptoms at the end of treatment (dayv 3); (4) the ssmptoms score
at the end of weatment; (3) the iocidence of secondary
complications of influrnza such as odis. bronchitis, sinusitis,
prcumonia, and the wse of antbiotes: (6) the ocomrence of
arverse events in all partcipants having recerved at least one dose.

According to the protocol, the imention-to-treat (TTT) anabysis
was periormed on two populatons: (1) all enrolled  patienis
(primary ohjective), and {2} enrolled patients with an influenza A
virus infection confirmed by RT-PCR on day 0 (influenza A-
infected population).

Sample Size and Statistical Analysis
Sample size evaluaton assumed that virological response was
obtained in 70% of patients in the oscltamivir-zanamivir arm,
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compared to 33% in cach of monotherapy arms on the basis of the
extrapolation of the results of previous trials [2,4]. Samples of 500
subjects per arm had 90% power to detect this difference, with a
two-siched test and a type 1 ermor of (L0253 becawse of the two ieats
{factormg 20% lack of follow-up). Proportions of response at day 2
were compared between the combination therapy arm ((JZ) and
earh monotherapy arm () or ¥) separately using two tests with a
tvpe | ermor of (025 because of the two tests. Fatents without 2 day
2 sample were considered treatment fatures. Mean decreases af
logyy viral lnad were compared using a f-test in patients who had
both day (fand day 2 samples assuming a value of U5 cgeq/ul when
RT-PCR was neganve, For clinical endpoints nonparametric tests
were used. Times to resolution of illness and symptoms score at the
end of meatment were compared using Wilcoxon wesis. I time 10
symptom alleviation was missing it was imputed 1o be 14 d, Le, the
end of the mial; 95% confidence mtervals (95% Cls) of median
differences were estimated by bootstrap. Probability of symptoms
alleviaton versus day of reatment was estimated wsing the Kaplan
Meier method and was compared between groups with the log-rank
test. Proportions of clinical events and of patients with alleviation of
symptoms  were compared using  Fisher's exact tests. As an
exploratory analysis, 95% Cls for differences of response between
the two monotherapies were also estmated. Al analyses were
perdormed using SAS software, version 9.1 (SAS Institute).

Early Study Termination

Recruitment was interrupted on March 15th 2008 at the end of
the epidemic period in France afier the enmolment of the frse 541
patients and prior o the emergence of the 2009 HIN] pandemic
later in 2009. A second recruitment pericd was planned for the
next winter (e, 20005=2110) 1o reach the number of 900 patients
required. However, due to the emergence of the 2009 HINI
pandemic virus, the independent data-monitoring committee,
without anv prior knowledge of the results, recommended
terminating the tfal and conducting an carly analvsis on May
fith 200, This decision was based firstlv on the need to rapidly
provide results on efficacy and tolerance of combined oseltamivir-
zanamivir therapy, and secondly, on the inadvisahility of pooling
the results of the tbwo winters, one with a seasonal virus {winter
2008=2009, mamby H3NZ) and the other one with a novel
pandemic virus of a different subtype (winter 2005=2010).

Results

Patients

Ot of the SH patients imally planned. a otal of 541 patients
were enrolled by 145 general practiioners. They were mndomby
assigned o oscltamivir plus zanamivir (OF. 7= 192), oselamivir plus
inhaled placebn (0, n= 176), zanammar plus oral placcho (£, 0= 173)
(Figure 1), Mean age was 539 v (standard deviaton [SI] = 13, 49%
were male, [4% had preexisting chronic diseases. mean fever was
35.2°C (SD=0.8). The mean duration of illness before enralment
was 25 h (SD= 10}, Other characteristics of paticnis appeared well
halanced in the three arms (Tahle 1), The rate of fully comphant
patients was not simificantly different among the three amms (54% for
the OF arm, % for the O arm, and 85% for the £ arm).

Virological Samples

Out of the 541 enrolled paticnts, 447 (83%) had a RT-PCR
laboratory confirmation of influenza A virus infection on the day 0
specimen, with a mean wviral load of 4.38 logy, cgeqQpul
(interquartile range [IOR] 3.75=3.30). All the day 0 specimens
were GAPDH RT-PCR positive with a mean valoe of 3.88 log),
copies/jl.
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301 patients did not

I
v

undergo randomization

| 541 patients enrolled [

v

)

v

192 assigned 176 assigned 173 assigned
oseltamivir-zanamivir oseltamivir—zanamivir oseltamivir—zanamivir N=541
and included in and included in and included in
intention to treat analysis| |intention to treat analysis| |intention to treat analysis|
3day0 | 4 day 0 3day0
nasal swabs |[< nasal swabs |< nasal swabs |<
missing missing missing
32 with 31 with 21 with
ne?]ative day 0 - ne:qat'rve day 0 - negative day 0 .
influenza influenza influenza
157 patients with day 0 141 patients with day 0 149 patients with day 0
positive influenza A positive influenza A positive influenza A
detection by RT-PCR detection by RT-PCR detection by RT-PCR N=447
included in influenza A included in influenza A included in influenza A
infected intention to treat| |infected intention to treat| |infected intention to treat
analysis analysis analysis
1 withdrawal | | 1 withdrawal | | 1 withdrawal | |
before day 2 before day 2 before day 2
15day 2 6 day 2 9 day 2
nasal swabs |< nasal swabs |< nasal swabs [
missing N missing W missing W
141 patients with both 134 patients with both 139 patients with both
day 0 and day 2 day 0 and day 2 day 0 and day 2 N=414
nasal swabs nasal swabs nasal swabs
Figure 1. Trial flow chart.
doi: 10137 Vfjoumal pmed. 1000362.g001
Virological Endpoints O comparison, treatment effect comparison: =99%, [95% C1

Primary eadpoint. In the ITT analyss, considering the 541
eorolled  patients with  positive  influenza A rapid west, the
proporton of patients with a KT-PCR-<200 cgeg/ul on day 2
of treatment was 52.6% in the oseltamivir-zanamivir armm, 62.5%
in the oseltamivir monotherapy arm (6= 00535, for the OF versus
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=199 1o 0.2]), and 40.5% mn the zanamivic monotherapy arm
(p=0.020, for the OF versus £ companson; reatment cffect
comparison: +12.1%, [95% CI 2.02-22.5]) (Table 2).

In the ITT analysis, considering the 447 influenza RT-PCR-
confirmed patienis. the proportions were 43.9% i the oseliamivie-
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wanamivir arm, 58.9% in the oseltamivir monotherapy arm
(p=0.025 for the OF versus O compartson; teament effect
comparison: = [3.0%, [95% CI =231 1o =249]), and 35.6% in
the zanamivir monotherapy arm (p=0028 for the OF versus £
comparison; treatment effect comparison: +12.3%, [95% CI 2,50=
22.2)) (Table 2). The same trends were observed inthe 382 fully
comphiant influenzs A-infected patients (Table 53), and in the 5395
patients with HANZ infection with proportions of 42.4% in the
oseltamivir-zanamivir arm, 38.6% in the osehamiir monotherapy
arm, and 30.3% in the zanamivir monotherapy arm.

Other virological endpoints.  In the 414 mfluema RT-PCR
confirmed patients with both day 0 and day 2 available specimens,
the day 2 tw day 0 decrease was 2,014 logyy cgeqful m the
oseliamivir-zanamivir arm, 2.49 log cgeg/pl i the oscliamar
monotherapy arm, (H=0.060 for the OF versus O comparison;
treatment effeet companson —0.35, [95% CI —0.8 o 0.07]). and
1.68 logyy cgeq/ul in the zanamivir monotherapy arm (p=10.016
for the OF versus £ comparison; treatment effect comparison:
HLA6, [C1 895% 0.05-0.9]) (Table 2).

'_:®: PLaS Medicine | www.plosmedicine.org

Table 1. Characteristics of the 541 patients enrolled in the study and of the 447 influenza A-infected patients according to
treatment anmms.
Combined Oseltambvir and
Patients Characteristics Zanarmivir Oseltamivir Plus Placebo  Zanamivir Plus Placebo
All patients Included In #=192 (35.5%) =176 (32.5%) A=173 (32.0%:)
the study #=541 (%]
Age (y): mean (500 387 (13.2) 39.5(13.1) 39.9 {13.B]
[Age range] [1B3-733] [18.1-76.3] [18.0-B4.3}
n rale (%) 91 (AT.6%) 92 [52.3%) 86 [49.7%)
1 smioker (k) 34 (17.8%) 25 (14.7%) 26 (15.0%)
n comorbidities (%) 27 (119 27 [15.3%) 23 [133%)
n fever at enrolment=38°C (%) 123 (59.9%) 1B (7T33%) 117 [75.5%)
n Initiation of reatment=24 h after 92 (47.9%) B3 (48.3%) 101 (SB.4%)
onset of symptoms (%)
SYIMpTOms score per patient™
Mean (500 15.2 [2.B) 14.2 {3.7] 157 {(3.2)
% of maximal score: mean (501 T2A% (13.4) T1.0% (152} T2.1% (15.4)
Influenza A-infected A=157 (35.1%) =141 [31.6%) A=149 (33.3%)
patients a=447 (%)
Age (¥): mean (501 387 (13.3 305130 407 (140
lAge range] [183-7332] [18.1-76.3] [18.0-B4.2]
n rmale (%) 76 (48.7%) 73 (51.5%) 77 [51.7%)
n smoker (%) 22 (14.71%) 15 [10.7%) 20 [13.4%)
i comorbidities (%) 21 (13.4%) 20 [14.2%) 20 [13.4%)
n fewer=38°C at enrolment (%) 107 [(67.6%G) 95 [70.99%) 104 [75.5%)
n initiation of weatment=24 h after 72 (45.9%) 68 [48.2%) BA [57.7%)
anset of symptoms (%)
Symiploms scofe per pathent®
Maan [50) 156 [2.7) 153 1{3.3) 155 (3.1
% of maximal score: mean (S0} T4.2% (12.8) 71.7% (152} T3.6% (150)
Influenza virus subtype
HIM1 G {5.7%} 5 (3.5%] 7 {4.7%)
H3NZ 136 (B6.6%) 130 (92.3%) 129 (B6.6%)
Mot determined 12 {7.5%] & (4.3%] 13 [B.7%)
“surn of the severlty of the seven day 0 influenza symptoms (feverishness, nasal siuffiness, sore theoar, cough, muscle aches, tirednessfatigue, and headache) wsing a
four-point scale [2,14)
BThe score Is expressed as a percentage of the maximal scose of 21,
dok:10.137 1 joumal prmed. 1000352.1001

Clinical Endpoints

The median tme o resolution of ilness in the 541 enrolled
patients was 3.5 d in the oseltamivir-zanamivir arm, 3.0 d in the
oseliamivir monotherapy arm (p=0.015 for the OZ versus O
comparison; treamment effect comparison: +H0.5%, [95% CI (0.0=
1.3]), and 4.0 d in the zanamivir monotherapy arm (= 0.78 for
the (07 versus Z comparison; treatment effect compartson: =003,
[#5% CI =10 0.3]) (Tahle 3L In the 447 influenza A-<infected
patients, this fgure was 40 d m the oseliamvirzanamvir arm,
3.0 d i the oseltampniar monotherapy arm (p=0.018 for the OF
versus O comparison; treatment effect comparnson: +140, [95% C1
0.0=4.0]), anc 4.0 d in the zanamivir monotherapy armo (@= 0,96
for the OF versus & comparson; treatment effect comparison:
+.0, [95% CI =50 w 3.0]. Figure 2 presents the time to
resolution of illness i the 447 padents, also showing by the log-
rank test a significanty shoner time in the oseltamivir monother-
apy arm. The time 1o resolution of illness was significantly shorter
in patients with day 2 viral load below 200 cgeg/1 (3.5 d) than i
patients with viral load above 200 cgeq/1 (7 d; p=04014L The
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median symptoms score at day 3 (end of treatment) was 3 in the
ostliamivir-zanamivir arm, 2 in the oseltamivic monotherapy arm
p=0013 for the OF versus ) comparison; treatment effect
comparison: +1, [95% O 0.0=L0]), and 3 in the zanamivir
monstherapy arm (=095 for the (X versus £ comparson;
treatment effect comparison: HL0, [95% C1 = 10 w (L) (Tables 2
and 3). Other clinical outcomes showed similar trends (Tables 2, 3,
and 53}

Tolerance

Four serious adverse events occurred during the study, one of
which was considered unrelated o swody drugs (acue bacierial
pnewmonia al day 5 in a patient receiving oseltamivir-zanamivir
combination). Two adverse events also ocourred  in patients
receving the osellamivir-zanamiar combination; severe head-
aches leading to micrruption of therapy and facial ocdema
following the first administration, disappearing within 24 h
postdrug intermuption. The remaining patient experienced repeat-
ed vomiting afier oscltamnir monotherapy drug admmnistration,
All four patients completely recovered.

hher nensenious adverse events reported in more than 1% of
the total population were in the OF, O, and £ arms, respectively,
nausea and/or vomiting (in 13, 4, and 3 patents), diarrhoea (in 2,
1, and 5 patients), and rash {in 1, 2, and 2 patents).

Discussion

This large publicly funded clinical trial examined the effect of
combination neuraminicdase mhibitor antiviral therapy o influ-
ena, as compared oo each monotherapy plus placebo. It showed
that, during the prepandemic winter of 2009 with a predomi-
nance of H3N2 wviruses [more than 85%) in France, the
nseltamivir-zanamivir combination seemed less effective than
oseltamivir monotherapy, and not sigmficantly more  effective

@ PLOS Medicine | www.plosmedicine.org

Table 2. Virclogical and clinical response according to treatment arms in the 541 enrolled patients, between day 0 and day 2 (ITT
analysis).
Combined
Oseltamivir  Oseltamiwvir Zanamivir
Type of Virological and Clinical and Plus Plus
Resp Resp Variabl Zanamivir  Placebo D42 wersus O Placebo O4Z versus T O wersus I
Difference S Difference Difference
Value [95% CI] Value [95% 1) [95% C1]*
n patients 192 176 173
Virological Primary virological endpoint
Day 2 influenza AT-PCA-<200 526% 5% 0055 =9.9% 40.5% 0020 +12,1% +22.00
cgeg/ul (% patients) [=159 ta 0.2] [202-22.3) [12.1-32.00
Clinical Tieme to resoluthen of llmess 35 [25-14) 30 (2-7 oMs +05 0015 40 25-14] 078 =05 =10
in days (median, O/} [=1.0 to 05) [=1.5 1o =0.5]
n (W) of patients with alleviation 111 {57.8%] 122 {69.3%] 0023  =11.5% 00 (37.8%) 100 +0.0% +11.5%
af symptoms at end of treatment [=213 10 =17] [=101 o 10.Y]  [1.7-21.3]
Symproms score at end of 3 {2-5] 2 14| L0006 =10 j0.0-1.0] 3 [1-6] a7Fe o -0
treatment {median, I0/) [= 1.0 to 0.0} [=2.0 to =1.0]
n (%] of patients with clinical 26 {13.5%) 15 {B.5%) o4 +5.0% 23 {13.3%) 1.00 +0.3% = 8%
avent during treatment [=1.3 10 11.4] [=67 1o 7.2) [=11.2 to 1.6]
Initiathon of antbiatics 17 (B.9%) 10 {5.7%) — 13 (7.5%) — —
Preumaonia 2 {1.0%) 1 (6% —_ 0 (0.0%) — —
Other 21 (1099} T4 (B.0%) S= 22 {127%]) = =
*Exploratory analysis.
dol: 1001 371 journal. prmed. 10003621002

than zanamivir monotherapy in adulis with seasonal influenza A
virus infeceon.

Analysis of the different antiviral regimens’ efficacy was hascd
on a primary virological endpoint, which we hypothesized could
b a sensitive and a more specific indicator than a primary
clinical endpoint. Clinical endpoints, wsed as primary endpoints
in previous studies, were wsed as secondary endpoings i the
present study [1,5]. Clinical endpoinis, which are based on a
giobal assessment of both general (mainky  immunologically
Iinked) and respiratory (mainly virologically Imked) symptoms,
are probably not the best way o monitor the virological effect of
treatment, because chinical symptoms are not  exclusive o
influenza. We thus considered that a difference in viral shedding
rate would he the best indicator of the virological effects of
combined therapy, and consequently a valuable surrogare. Our
initial hypothesis was that the combination of two antivirals may
reduce the rate of resistant svirus emergence (for a oaturally
susceptible pandemic virus and a nonimmuone population). In
addimion, we hypothesized that for cases of infection with
susceptible seasonal influenza viruses, this could not be easily
shemm, owing first to the ranty of this phenomenon in aduls, and
second, to the necessity of monnoring virus exeretion for several
days, whereas for cases of influenza due o HINI viruses, which
are naturally resistant fo oseltamivir, the question was not
relevant. Given the viral shedding kinetics in patients with
seasonal influenza recerving newraminidase inhibitors, the day 2
virological endpoint was considered to be best suited to quantify
virological elfects. The 200 cgeq/1 threshold was chosen, as it was
the best compromise in terms of specificity and sensiovity as
compared to standard colture. OF note, the same trends were
observed when a 100 cgeg/] or a L0 cgeq/pl cut-off was used
to define virological success (Table 52). Funhermore, the study
was designed to be statistically two-sided to take into account the
possthility that the combination would perform worse than either
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drug alone because of the theorencal concern of antagonism at
the receptor bevel

The oschamivir-zanamivir combination seemed, both virolog-
wcally and climically, significantly less effective than the oscliamivir
monotherapy. This result seems robust because (1) it was found
using & double-blind placebo methodology, (Z) there was overall
concordance both among virological endpomnts, and between
virological and clinical endpomnts, (3) it was confirmed over the
three  differemt subgroups of subjects included in the global
population (341 enrolled patients, 447 influenza  A-infected
patients, 352 mfluenza A-mfected and fully compliant patients).
This bower clinical and virological response to the combination
may suggrst a negative effect of zranamivir on oseltamivir, as in the
ahsence of miteractions the effect of the combimation should ar lease
be additive [15]. A neganve interaction at the level of hinding at
the catalytic pocket of the neuraminidase i an explanation that
should be further investigated in vitro for both seasonal H3N2 and
HINI wiruses. Becent in vitro data showing the lack of synengy
between  oscltamvir and smnammir, and some antagonism at
higher concentrations of zanamivir on pandemic HINT 2009
virus, are in agreement with this hypothesis [16]. Furthermore,
contrary to oschamivir, which upon digesitve absorption needs o

'_'.@:. PLo5 Medicine | www.plosmedicine.org

Table 3. Virological and clinical response according to treatment arms in the 447 influenza A-infected patients between day 0 and
day 2 (ITT analysis).
Combined
Oseltamivir Oseltamivie Zanamivir
Type of Virological and Clinical and Plus Plus
Response Response Varables Zanamivir Placebo C4Z versus O Placebs O4-Z wersus Z O wersus 2
-3 Difference Difference
Value [95% CI] Value [95% Ci] [o5% CI]*
n patients 157 T4 148
Virological  Primary virological endpoint
Day 2 Influenza RT-PCR-<200 459% 5E9% D025 -T13.09%% I3 6% o0Z8 +123% +25.3%
coegiul (%) [=237 to =29} [239-223] [15.5-35.2]
n patients 141 134 139
Other virologheal endpoints
In patients with available
day 0 and day 2 nasal
swabs (n=414)
Mean (509 viral hoad at day 0 4.36 {1.35) 457 (133 434 [1.37)
g 1o cgeg/ul)
Maan (S0 viral load ar day 2 21113 208 (117 166 (1.35)
flog .5 cgegiul)
Mean [SD) viral load decreass 214 (1.54)  249(i53) 0060 =035 1668 (1.68] @018  +046 +0.B1 [0:4-1.38
between day 0 and 2 [ =08 o 0.07] {0.03-05]
flog 4o cgeqiul)
n pathents 157 147 149
Clinical Tire 1o resolution of liness a0 [25-14] 30 (2-7] nma +1.0 {00408 40 [25-14] 096 +0ul =T
In days (median, WOR) (=301 30 [=4.0tw 00
n (%) of padents with aleviation BT (55.4%) 95 (67 4%) D043 -110% B4 (56.4%) 0.9 =-.0% +11.0%
of symptorrs at end of treatrment [=218ta =21} (=101 a2l [10 e 2009
Symipioms soore at end of 3[z-5 2 [1-4] 0013 =10foo-10f 3 D1-5] 093 +00 =110
treatment (median, KR} =10 to 0 [=2.00 1o =0L5]
n (%) of patients with clinical 19 [12.7%) 10 (7.1%) oz +5.0M 18 (12.19%) 1.00 +OU0EN =5.0%
event during reatment [=1.0to 11.0] =66 1o 67] [=110010 1.0]
Initiation of antibiotics 14 [B.9%) 7 [5.0%) — 10 (6.7%) — — —
Preumonia 2 (13%) T {079 _ 0 {0.0%a) —_ —_ —_
Other 15 [9.6%;) O [5.4%) i 17 (11.4%) =3 — =
"Exploratory analysis.
dok 101371 journal. prred. 10003621003

b metabolized, thus delaving armval of the active drug at the
infection site (4., = 4 h), inhaled zanamivir is delivered directly 1o
the pomary site of influenza virus replication. The bypothesis that
zanamivir s more likehy to occupy the catalytiic pocker first, thus
preventing the action of oscltamivir, must be tested. According 1o
this hypathesis, the combination would he largely reduced w a
zanamivir monotherapy.

Whereas the results of the primary virological endpoints
indicated a superiority of the oseltamivir-zanamivir combination
to zanamivir monotherapy, clinical results were not significantly
different, suggesting that oseltamivir adds essentially nothing 1o
zanamivir monotherapy. This view 15 concordant wath the above
hypaothesis of the predominant cataletic site  occopation by
zanamivir when the combination is administered.

As an exploratory analvsis, oscltamnir showed a significantly
higher clinical and virological efficacy as compared 10 zanamivir.
This finding could be the consequence of a suboptimal trearment
regimen in the zanamivir arm, since the 1050 values for the
AHAINE) viruses of the 2008=200%9 season were 2- (o 3-fold higher
for zanamivir as compared to oseltamivir, but remained within the
range for susceptible strains (GROG surveillance; NICs, unpub-
lished data). The virological result s confirmed by the longer time
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Proportion of population
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Figure 2. Proportion of the 447 influenza A-infected patients with alleviation of symptoms when treated with combined
oseltamivir-zanamivir (plain line), oseltamivir plus placebo (dotted line), or zanamivir plus placebo (dashed line). Log-rank test for
oseltamivirzanamivir versus oseltamivir-placebo: p=0025 and for oseltamivir-zanamivir versus mnamivir-placebo: p=0036). Alleviation of
symptoms defined by the presence of no symptoms of nasal stuffiness, sore throat, cough, muscle aches, tiredness-fatigue, fevershness, and

headache or anly mild ones, for at least 24 h.
doi 101371 fjpumal prmed,1000262.9002

i alleviation of the influenza symptoms in patients receiving
ZANAMIVIE.

As the present study was conducted before the 2009 HINI
pandemic during an influenza season where A[HINZ) viruses
predominated, the impact of prepandemic seasonal AHIND
oscltamivic-resistant virmses on the results = expected o be
negligible. We observed the same mmends afier excluding patients
mfected with scasonal HIND from our populanon. OF note.
A[HINZ) viruses are to date sensitve to both drugs. It remains to
be determined io what extent the presemt resulis can be
extrapolated to susceptible viruses of other subtvpes, e.g.. HINI.
and in particular o the pandemic HIND 2009 virus, which
displays sygnificant differences in the catalytic pocket of the
neuraminidase [17], or 1o a mived viral season with HANZ and
HINI cocireulating virnses.

We must acknowledge several limitations 1o our study. First, this
preliminary analvsis was conducted on a partial set of data after
enrolment of 541 patients instead of the B initally planned.
However, it 15 highlv unhkely that the lower response of the
comthination as compared 1o oseltampdr would have been reversed
if all originally planned W patents had been enrolled. Second, as
previous randomized clinical trhaks had shown the superiority of
cach monotherapy as compared to placcho 0 terms of tme o
svmptom alleviation and viral shedding, it was decided, on the
hasis of cthical reasons, that the study would not comprise a
double placebo arm. Third, the proportion of patients with
mnavailable viral swab on dav 2 was higher n the combmation
arm. As the missing value equals failure, this may have biased the
results in the combination arm towards reduced performance.
Indeed, in the analysis of the 414 patents with available day 0 and
day 2 nasal swabs, the same trends were ohserved. Fourth, the
virological response was assessed only in one site (nose) and at one
fme {day ), which prevents extrapolation of the results to the
entire  virological response over ume and throughout the
respiratory  tract. However, clinical endpoints completed  the

prcture, giving mformation on the overall response. Fifth, as
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mentioned above, day 2 sampling was chosen 1o show the
virological effect. However, this s probably not the best moment
to look for resistance emergence induced by drug selective
pressure, as it has been shown to occur later in the course af
treatment [18=20]. Nevertheless, we looked for nesraminidase
inhibitor resistance using a standard  fuormetric west e the 63
patients with day 2 pogitive viral culture; none of them carmed a
resistant virus, except for one patient infected with an HIN virus
resistant o oseltamivir but susceptible (o zanamivir, as were all
HIN1 viruses cioculating during the siudy penod. However, the
absence of resistance at day 2 does not rule out any further {posi—
day ?) resistance selection. Finally, this mial was conducted in adult
outpaticnts, which prevents any extrapolation of the resulis o
adult= with severe presentation necessitating hospitalisation, and o
children, who wsually have more prolonged viral shedding. We
chose the outpatient adule population because it seemed o be the
most homogenous and the casiest in which to test our hypothesis.

Diespite  the theoretical potential for the reduction of the
emergence of antiviral resistance, the lower efficiency of the
oseltamivirsmnamivir combination found in this study calls [or
caution in it use in clinical practice. Thus, also considering the
superiority of oseltamvir monotherapy over zanamivir monother-
apy observed in this trial, sseltamivir should be the recommended
primary anti-influenza treatment during influenza scasons with
predominant H3N2 viruses naturally susceprible o oseltamivir.
These results would necd to be confirmed for the 2009 HINI
pandemic virus and in the coming vears, for future circulatng
fluenza viruses,
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Editors’ Summary

Background. In the last few years, use of the
neuraminidase inhibitors, oseltamivir and zanamivir, has
been considered a key strategy for limiting the impact of
influenza both in individuals (by reducing morbidity and
mortality) and collectively (by slowing the virus’ spread to
buy time for wvaccine production, the comerstone of
influenza control). However, there are concerns that
widespread use of a single antiviral drug may lead to
resistant  strains, which could dramatically reduce its
effectiveness in future. Theoretically, if well tolerated, and if
producing at least additive antiviral activity, the combination
of two antiviral agents could offer several advantages such
as reducing disease severity and reducing the viral shedding
peried, which in turn could lead to lower infection rates and
reduced resistance especially in  immunocompromised
patients. Importantly, combining two drugs could ensure
optimal treatment of all types of circulating influenza virus
and subtypes or variants. The combination of two
neuraminidase inhibitors is feasible as both oseltamivir and
zanamivir are licensed for seasonal influenza and have
different key mutations associated with resistance to each
drug.

Why Was This Study Done? As yet, there have been no
robust randomized controlled trials that compare the
effectiveness of monotherapy with either oseltamivir or
zanamivir with the effectiveness of a oseltamivir-zanamivir
combination. Such a study would be important for influenza
pandemic planning.

What Did the Researchers Do and Find? The researchers
conducted a randomized, placebo-controlled trial within 145
general practitioners throughout France during the seasonal
influenza epidemic in 2008-2009. Adults who visited their
general practitioner with symptoms of an influenza-like
illness for less than 36 hours and who had a positive
influenza A rapid test were randomized to one of three arms:
(1) oral oseltamivir 75 mg twice daily plus zanamivir 10 mg
by inhalation twice daily, (2) oral oseltamivir 75 mg twice
daily plus inhaled placebo, or (3) zanamivir 10 mg by
inhalation twice daily plus oral placebo. The effects of the
drugs or combination of drugs was assessed virologically, by
looking at the proportion of patients with nasal influenza
reverse transcription (RT)-PCR below a particular level on day
2 of treatment. Clinical measures of effectiveness included
the time to resolution of illness, the number of patients with
alleviation of symptoms at the end of treatment, and the
incidence of secondary complications of influenza such as

'_'.@:. PLoS Medicine | www.plosmedicine.org

12

VAE - Utilisation des antiviraux dans le traitemeletla grippe

Combined Oseltamivir-Zanamivir in Influenza

otitis, bronchitis, sinusitis, and pneumonia. In the study,
patients, general practitioners, and outcOme 3sSesSOMs were
all blinded to treatrment assignments. Due to the emergence
of the HIN1 pandemic in 2009, the study’'s independent
data-monitoring committee requested that the researchers
terminate the trial early and analyze the results earlier than
planned.

541 patients {of the 900 planned) were enrolled in the study
(192 in group 1; 176 in group 2; and 173 in group 3) of whom
447 were infected with influenza A. Overall the oseltamivir-
zanamivir combination was both virologically and clinically
significantly less effective than the oseltamivir monotherapy.
In addition, the clinical effects of the oseltarnivir-zanamivir
combination on time to resolution of symptoms were not
significantly different from that of zanamivir monotherapy,
suggesting that oseltamivir does not add dinical benefit to
zanamivir monotherapy.

What Do These Findings Mean? The results of this study
essentially show that in France during the Winter of 2009
prepandemic (of which 85% was due to of H3N2 virus), in
adults with seasonal influenza A virus infection, the
combination of oseltamivir and zanamivir was less effective
than oseltamivir monotherapy and not significantly more
effective than zanamivir monotherapy. These results call for
caution in the use of the oseltamivir-zanamivir combination
in treatment of adult outpatients. In addition, as the clinical
and virolegical effects of oseltamivir monotherapy over
zanamivir monotherapy were superior in this trial,
oseltamivir should be the recommended treatment during
influenza seasons with predominant H3M2 viruses. Howewver,
the results of this study should be confirmed in the coming
years on future circulating influenza viruses.

Additional Information. Please access these Web sites via
the online version of this summary at hittps//dx.doiorg/10.
1371 fjournal pmed.1000362.

* Wikipedia has information on H3N3 influenza A virus (note
that Wikipedia is a free online encyclopedia that anyone
can edit; available in several languages)

# The World Health Organization has a global alert and
response site on seasonal influenza

# Patient UK provides information about antivirals for
influenza

o Answers.com has information about oseltamivir and about
Fanamivir
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4.2 Facteurs associés a la réponse clinique et virologie chez les patients grippés lors
d’un traitement par INA en monothérapie (article 3)

Dans le cadre de I'essai Bivir, une étude ancdlaiété réalisée pour analyser les facteurs assicié
la réponse clinique et virologique chez les pasigrdités par oseltamivir ou zanamivir pour une
grippe de type A. L’association oseltamivir-zanaimivayant pas démontré son intérét, il n’a pas
été étudié les déterminants de la réponse clingquérologique a cette bithérapie. Connaitre ces
facteurs pourrait permettre aux cliniciens d’idgeti les patients les plus a risque de ne pas
répondre correctement au traitement et donc ndaessin suivi plus attentif. Chez les patients
traités par oseltamivir, les facteurs associés aéfmnse clinique identifiés dans des études
précédentes étaient un age plus important, uneéeiyse élevée, un délai allongé entre le début
des symptdmes et la mise en route du traitemetd,tgpe de virus grippal (99-103). Aucune étude

n‘avait été menée jusque-la pour évaluer les fectpui influencent la réponse au zanamivir.

La réponse a l'oseltamivir et au zanamivir a étéliée respectivement chez 141 et 149 patients
porteurs d’une grippe A inclus dans l'essai Biegdqai décrit précédemment comparant I'association
oseltamivir- zanamivir a l'oseltamivir et au zangimen monothérapie dans le traitement de la
grippe (36)). Les réponses clinique et virologiaque: été évaluées respectivement sur le temps de
disparition des symptomes et sur le taux de patienec une charge virale J2 <200 cgkq/
(déterminée par RT-PCR a partir de prélevementauxas Les déterminants de la réponse au

traitement ont été identifiés par une analyse watige (modéle de Cox et régression logistique).

Le temps moyen de disparition des symptomes étaR {P-7] et 4 [2,5-14] jours respectivement
pour l'oseltamivir et le zanamivir. A J2, 59% et/34les patients avaient une charge virale <200
cgeqliL. Pour l'oseltamivir, la réponse clinique étais@see au sexe féminin (HR : 0,53 (IC95%
0,36-0,79)), a une charge virale 4 3® log cgeaiL (HR : 0,63 (0,43-0,93)), a un score de
symptémes a JO >14 (HR: 0,47 (0,32-0,70)), etritikition d’'une antibiothérapie a JO (HR : 0,30

(0,12-0,76)) ; la réponse virologique était assm@é sexe féminin (OR : 0,45 (0,21-0,96), a une
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charge virale 4 J8 5 log cgeqgiL (OR : 0,40 (0,20-0,84)) et a une mauvaise obsewa J2 (OR :
0,31 (0,10-0,98)). Pour le zanamivir, la répongelegique était associée a un agé0 ans et a
l'initiation d’une antibiothérapie (respectivemedR : 0,29 (0,10 — 0,85) et OR : 4,24 (1,07 a

17,50)).

Les liens entre la réponse au traitement par INPobservance, le sexe et l'intensité de la maladie
n'avaient jamais été montrés jusqu’ici. Le fait\a utilisé des données recueillies lors d’'un essa
clinique, avec une collecte trés organisée et maigue, a sans doute facilité leur détection. Le
lien entre le sexe et la réponse clinique et vgmjoe a l'oseltamivir pourrait étre dd aux
caractéristiques pharmacologiqgues de ce médicanfentinverse du zanamivir, qui est un
composant directement actif, I'oseltamivir est ypre-drogue qui nécessite d’étre convertie en
oseltamivir caboxylate par une estérase hépatigue ge devenir un métabolite actif (104). Une
hypothése pour expliquer cette moindre efficacig I'dseltamivir chez la femme serait une
moindre efficacité de ce processus hépatique (1DB)était pas noté de différence significative
d’'observance entre les hommes et les femmes qusiteour l'oseltamivir ou le zanamivir.
L’'observance en cas de traitement par INA fait jeold’'une étude en cours. Ce travail, réalisé a
partir des données Bivir, est décrit dans la slit€e manuscrit dans la partie « Projets en caours »
Le sexe, comme les autres facteurs associés pdase au traitement retrouvés dans cette étude,
paraissent facilement identifiables par le cliniciers de sa consultation et la mise en route du
traitement. L'utilisation de ces résultats poumdipermettre une identification des patients les pl

a risque de répondre moins bien au traitement,sséaat une attention particuliére de la part du

médecin.

Les résultats de cette étude ont été publiés dandirical Microbiology and Infection (37) :

- Blanchon T, Mentré F, Charlois-Ou C, Dornic Q, Mosnier A, Boambert M, Carrat F, Duval X,
Enouf V, Leport C; Bivir Study Group. Factors agated with clinical and virological response in
patients treated with oseltamivir or zanamivir fofluenza A during the 2008-2009 winter. Clin
Microbiol Infect. 2013 Feb;19(2):196-203.
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ORIGINAL ARTICLE VIROLOGY

Factors associated with clinical and virological response in patients
treated with oseltamivir or zanamivir for influenza A during the
2008-2009 winter

T. Blanchon'?, F. Mentré®** C. Charlois-Ou’*, Q. Domic®®, A. Mosnier®, M. Bouscambert™, F. Carrat'?, 3. Duval* 4%,

V. Enouf'’, €. Leport™*'? and the Bivir Study Group*

1) INSERM, U707, Paris, 2) LIPMC Univ Paris 06, UMR_S 707, Paris, 1) Univ Paris Diderot, Sorbonne Paris Cité, LUMR 738, Poris, 4) INSERM, UIMR 738,
Paris, 5) APHP, Hipiral Bichaz, Uinité de Biosraristigues, Paris, 6) Réseou des Groupes Régionawy d'Observation de la Grippe (GROG), Coordingtion Mationale,
Paris, 7) Hospices Civils de Lyon, Centre Notional de Référence des Virus Influenzoe (Région-Sud), GHE. Bron, 8) UCBL. Liniversité Lyan |, VirPatH, CHRS
FRE 301 I, Lyon, 9) Assistance Publique, Hipitoux de Paris, Hopital Saint-Antoine, Unité de Santé Publique, Paris, |0) INSERA CIC 007, APHP, Hapital Bi-
chat, Paris, |1} Institut Pasteur, Centre Mational de Référence des Virus Influenzoe (Région-MNoed), Unité de Génétique Maoléculoire des Virus d ARN, Paris
ond 12) APHP, Uinité de Coordination des Risques Epidémiques e Biologiques, Paris, France

Abstract

Oseltamivir or zanamivir are effective in outpatients with seasonal influenza; however, factors associated with response have been
incompletely described. During the 20082009 epidemic, in a randomized trial for influenza A-infected outpatients, clinical {tme to alle-
viation of flu-related symproms) and virological (rate of patients with day 2 nasal viral load <200 cgeqful) responses to oseltamivir or
zanamivir were assessed and associated factors were determined using multivariate analysis. For oselamivir (141 patients) and zanamivir
(149 patients) median tmes to alleviation of symptoms were 3 and 4 days, respectively; 59% and 34% had virological response. For osel-
mmmivir, a lower clinical response was associated with female gender (HR. 0.53; 95% Cl, 0.36-0.7%), baseline symproms score >[4 (HR,
0.47; 0.32-0.70), viral load =5 log cgegful (HR, 0.63; 0.43-0.93), and initation of antbiotics (HR, 0.30; 0.12-0.76); a lower virological
response was associated with female gender (OR, 0.45; 0.21=0.96), baseline viral load 25 log cgeq/pl (OR, 0.40; 0.20-0.84) and days 0=
2 incomplete compliance (OR, 0.31; 0.10-0.98). For zanamivir, virological response was associated with age 250 years (OR, 0.2% 0.10-
0.85) and initiation of antibiotics at baseline (OR, 4.24; 1.07-17.50). Factors associated with lower response to neuraminidase inhibitors
in outpatients appeared to be easily identifiable during routine clinical evamination and, when appropriate, by nasal sampling at baseline.

The unknown association between gender and response to oseltamivir was not explained by compliance.
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of symptom alleviation in adults and children by approsd-

Srarcapondie sutior: T Mirchon BEMS LB = mately 05 day [I-3]. Beyond reducing the duration of the

707, Universisd Plerre et Marie Curle, site Ssint-Antaing, 27 rue

Chaligny, 75012 Paris, France disease, antivirals have a variable impact on reducing the viral
E-mall: blanehon@uT07 jussieu.fr nasal shedding [4=7].
*The Bivir Study Group members are in Appendix |. In 2009 for pandemic A[HINI) influenza, the World

Health Organization recommended the use of neuraminidase
inhibitors, oseltamivic or zanamivir, for the treatment of
patients with confirmed or strongly suspected [nfluenza
infection, when clinical presentation was severe or for
In influenza-infected patients, recent systematic reviews have patients In higher risk groups [B]. However, factors influenc-
shown that neuraminidase inhibitors reduce the median time ing the clinical and virological responses, which may help

Introduction
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physicians to detect patients who will ger the lowest benefic
from treatment and have to be particularly followed-up, have
been incompletely analysed. Several factors associared with
the clinical response in patients receiving oseltamivir were
identified in a few studies as: age, high bedy temperature,
delay from onset to treatment start, influenza virus type and
infection with an oseltamivir-resistant A(HIM1) virus [9=13].
Mo specific study has been conducted to evaluate factors
influencing the response 1o zanamivir.

To address these questions, we amalysed the data from a
double-blind randomized controlled trial performed during
seasonal influenza. This trial (Bivir) conducted in France during
the A{H3INZ) 2008/2009 epidemic, compared the effectiveness
of an osehamivir-zanamivic combinatdon with each of the
monatherapies plus placebo. As this trial found an esshamivie-
zanamivic combination to be less effective than oseltamivir
monotherapy [14], we chose to analyse data collected only
from patients treated with a WHO recommended regimen
(i.e. oseltamivir or zanamivir monotherapy). A better under-
standing of these factors influencing response to neuramini-
dase inhibitors would provide important insights into the use
of antivirals in future seasonal epidemics or pandemics.

Methods

Recruitment and follow-up of participants

The present study is a secondary analysis of dat collected in
the Bivir trial. a community-based randomized trial, con-
ducted between 7 January and 15 March 2009 (period of the
influenza epidemic in France during the winter 2008-2009),
reported in detall elsewhere [14]. Briefly, patients were
adults over |B years old who consulted their general pracu-
tioner within 36 h of onset of influenza symproms and had a
positive nasal rapid test for influenza A Exclusion criterta
were: vaccination against influenza during the 2008-2009 sea-
son; recent exacerbation of COPD; previous history of
depression; and known hypersensitivity to neuraminidase
inhibitors. Patients gave informed written consent to partici-
pate in the study. The protocol was approved by the Ethics
Committee of lle de France |.

At enrollment (day 0), a nasal swab for virological analysis
was performed by the general practitioner before initiation
of treatment. In the present study, only day 0 PCR docu-
mented influenza A-infected patients, allocated to one of the
two oseltamivir or zanamivir monotherapy arms out of three
arms of the Bivir trial, were analysed. Oselmmivir (Roche,
Bale, Switzerfand) dosage was 75 mg orally owice daily; za-
namivir dosage was 10 mg by oral inhalation using the com-
mercialized GlaxoSmithKline Diskhaler™ (Glaxo5mithKline,

Philadelphia, PN, USA), twice daily. The first drug administra-
tion was performed in the presence of the general practi-
tioner after the patent had been given instructions on
capsule intake and diskhaler use. Treatments were thereafter
self-administered twice daily for 5 days. A self-administered
questionnaire was given to the patlent for self-evaluation of
symptoms and notification of drug intake twice daily. A nurse
visited the patients on day 2. performed a nasal swab for
virological analysis between the 4th and 5th drug intake, and
collected data on any adverse event. Patients returned to
their general practiioner 2 days (day 7) after completion of
treatment for follow-up examination and to report any
adverse event Patients were also contacted by phone on
day |4 vo collect dara on any further adverse events.

Statistical analysis
As in the main analysis of the Bivir trial [14], clinical
response was assessed as the time to alleviation of influenza-
related symptoms and virological response as the rate of
patients with, at day 2, a normalized nasal viral load deter-
mined by RT-PCR below 200 cgeqful [14].

Factors associated with clinical or virological response
ware studied separately for oselamivir and zanamivir by per-
forming univariate and then multvariate analysis, using Cox
regression for the clinical response and logistic regression
for virological response. The following explanatory variables
were studied: gender, age, smoking status, delay from onset
of any symptom and start of treatment, baseline symptoms
score, baseline fever, baseline physical signs (defined as con-
junctival hyperaemia, erythematous throat, congestive ear-
drum, abnormal chest auscultation, or other), presence at
baseline of at least one co-morbidity, or one clinical eamplhi-
cation, or initiaton of antibiotics, type of influenza wvirus,
bazeline normalized viral load, and full compliance between
day 0 and day 2 (defined as having perfectly taken up the
prescribed treatment during the first 2 days of the trial).

From the univariate analyses results, a multhariate model
was built with all variables with p-values <0.10 and then a back-
ward selection approach was used. Then, for each clinical or vi-
rological response outcome, a model with all variables
remaining in the model either for oseltamivir or for zanamivir,
was constructed In order to compare the results of the twa
drugs with similar adjustments. All analyses were performed
using 5A5 software, version 9.2 (SAS Institute, Cary, MNC, USA).

Results

Clinical and virological responses were assessed, respectively,
in the 141 and 149 influenza A-infected outpatients random-
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ized to the oseltamivir and zanamivir monotherapy arms. At
baseline, for oseltamivir and zanamivir, respectively, mean
age was 39.5 and 40.1 years, 52% and 32% were male, and
92% and B7% had H3INZ wirus (Table 1}. Median times to
alleviation of symptoms were 3 days (interquartile range
(IQR). 2=7) and 4 days (IOR. 25=14). respectively. At day 2.
59% and 34% of patients had a viral load <200 cgeg/ul, and
B8% and B5% of the patients had full compliance for days O=
2. A complete description of the patlent’s characteristics is
detalled in the main articde of the trial [14].

Clinical response

For oseltamivir, in univariate analysis, explanatory variables
with p-values <0.10 were gender, baseline symptoms score
=14, baseline normalized viral load =5 log cgeqful. initaton
of antibiotics at baseline, and days 0=2 compliance (Table 2).
In the multivariate analysis, a less favourable clinical response
was associated with female gender (HR, 0.53; 5% CI, 0.36~
0.79), baseline symptoms score >14 (HR. 047, 0.32-0.70),
baseline normalized viral load =5 log cgeg/ul (HR. 0.63;
0.43-0.93), and initiation of antiblotics at baseline (HR. 0.30;
0.12=0.76) (Table 2). Figure | presents the time to alleviation
of symptoms in the |41 patients treated with oseltamivir
according to sex and days 0=2 compliance.

For zamamivir, in univariate analysis, excplanatory variables
with p-values <0.10 were baseline symptoms score >14 and
prasence of physical signs (Table 2). In the multivariate anaky-
sis, the clinical response was not associated with any explan-
atory variable (Table 2).

Virological response

For oseltamivir, in univariate analysis, explanatory variables
with p-values <0.10 were gender, baseline normalized viral
load =5 log cgeq/ul and compliance between day O and day

1 (Table 3). In the multivariate analysis, a less favourable
virological response was associated with fermale gender (OR,
0.45; 0.21=0.96), baseline normalized viral load =5 log cgeqg/
pl (OR, 0.40; 0.20=0.84) and days 0=2 incomplete compli-
ance (OR, 0.31; 0.10-0.98) (Table 3).

For zanamivir, in univariate analysis. explanatory variables
with p-values <0.10 were age =50, baseline normalized viral
load =5 log cgeqful. initation of antibiotics at baseline and
days 0=2 compliance (Table 3). In the multivariate analysis, a
less favourable virological response was assoclated with age
250 years (OR, 0.29; 0.10=0.85), while a more favourable
virological response was associated with an initiation of anti-
biotics at baseline (OR, 4.24: 1.07=17.50) (Table 3).

Discussion

In the present study, various factors appeared to be assodi-
ated with the dinical andfor virological responses to neur-
aminidase inhibitors in the context of the 200871009
seasonal influenza, mainly due to H3M2 viruses. Most were
clinically relevant data such as: gender, age, baseline score of
symptoms, prescription of antibiotics, and compliance. One
item of virologically relevant information, nasal viral load ar
bazeline, appears to be independendy associated with the
response. Different associations of these factors were found
depending on the antiviral drug and on whether the cinical
or virological response was considered.

Three types of factors were associated with either the
clinical or the virological response to oseltamivir; compliance,
gender and intensity of the disease, none of these having
been previously reported in the literature, possibly because
they were not tested. It is a hypothesis that the particular
context of a therapeutic trial, with systematic recording of

TABLE |. Baseline characteristics of the 290 influenza A-infected patients enrclled in the study aﬂ:urding to treatment arms

Cueltamivir, o = 141 Zanamivir, n® |49

Age (years), mean {30
[Age range]
Female, m (%)
Smoloer, n (%)
Comorbidicies, n (%}
Fever 238°C at enrollment, m {K)
Iniriation of <34 b afrer onset of symproms (%]
Time of inftation of meamment after onset of symproms (hours), mean (30
Symptoms score per patent’,
mean
ln{'m:mtt‘.m{mj
Influenza virus subcype, n (%}
HIMI
HINZ
Mot determined

Wiral load ({log cgegipl), mean (30

5 (130 401 (141}
[HE.E; 76.3] [18.0; B4.2]
6B (482) 71 (4B.3}
15 {107} 20 (13.4)
20 (142} 20 (13.4)
95 (709} 104 {75.5%)
BB (42.7) 8L [57.7)
154 { 10.7) 244 (10.E}
15.343.2) 155 (313
TIN5 FLE (15.0)
5{35) T 4T
130 {%2.7) 129 (BL.&)
& {43} 13 &7
45 (133 43 (143}

“Sum of the severity of the seven day 0 influenza spmpeoms (feverishness. nasl sadffiness, sore throat, coogh. musde aches, dredness-facigue, and headiche) using a four-pain:

=cale [3]
bﬂum‘nmﬂx:mddﬂnﬂﬂnﬂmd’ll_
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FIG. I. Proportion of the 141 influenza A-infected parients with alle-
viation of symproms when treated with oselamivir plus placebo
according to sex (female dark fines, male grey lines) and days 0-2
compliance {full compliance continuous lines, incomplete compliance
dozead lines). Alleviation of symptoms defined by the presence of no
symptoms of nasal stuffiness, sore throar, cough, muscle aches, tired-
ness-fatigue, feverishness, and headache or only mild ones, for at
least 24 b,

detailed clinical and virological data, may have favoured their
detection, The lower response in less compliant patients is
expected, as previously reported in chronic diseases [15=17],
although less frequently assessed in acute situations of infec-
tion. It confirms, if necessary, the clear efficiency of oselami-
vir. In contrast. the less favourable both clinical and
virological responses in women are not usually described. In
contrast 1o what has been suggested in some other studies
[18.19], the effect of gender in the present study was not
found to be associated with comphance (no interaction with
compliance in the model and no significant difference
between men and women for compliance, data not shown)
(Fig. 1}. Similar results were obtined in another study, which
found that male gender and low adherence to treatment
were negatively and independently associated with hyperten-
sion control [20]. The roke of endocrinclogical characteristics
has been advocated to influence the immune response
[21.22]; it cannot be here investigated due to the lack of
such information available in the database of the trial, The
fact that gender was not associated with the response to 2a-
namivir may suggest that its impact on the response to ozel-
tamivir is specific to some pharmacological characteristics
that differ between the two drugs. Indeed, unlike zanamivir,
which is delivered as the active compound, oseltamivir is
delivered as an inactive prodrug. After oral administration,
osaltamivir is readily absorbed from the gastrointestinal tract
and extensively converted in the liver to the active metabo-
lite, oseltamivir carboxyiate, by an esterase [13]. One
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Zanamivir (n = 149)

Osalramdvir (o= 141)

TABLE 1. Assoclation of various factors® with less favourable virological response to cseltamivir or to zanamivir in 290 influenza A-infected patients (unlvarate and

multivariate analysis)
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hypothesis could thus be a gender difference during the
hepatic process of oseltamivir transformation into the active
compound, which seems to be more active in men compared
with women, as suggested in one previous publication [24].
In an animal model, with another drug, indinavir, such an
influence of the differental status of an enzyme involved in
the metabolism of the drug has been described between
men and women [25]. Another hypothesis for the lower clin-
ical response to oselamivir might be that women would
declare a higher intensity of symptoms in the course of the
disease [26]. However, such a hypothesis would not explain
the influence of gender on the virological component of the
respaonse. Whether the severity of the symptom at baseline
was different in men and women was assessed in the study
and found not to be different (data not shown). If this associ-
ation Is confirmed by other studies, it might lead to the
proposition that dosage of oseltamivir should be adjusted in
women, to achieve similar efficacy as in men. This could
prove of importance in patients with complicated or severe
influenza, ncluding when Lv. administration is needed. This
study also found that the more severe the disease, as sug-
gested by symptom score and wiral load at baseline, the
lower the clinical and virological responses in patients trea-
ted with oseltamivir. This corroborates previous results
showing that higher fever was assocated with a lower
response rate [9.27]. Even if it seems logical, this had not
been clearly demonstrated for virological determinants,
maybe also because quantitative assessment of viral load by
real-time RT-PCR has been introduced only recently and has
not been used extensively in such a trial design.

It i noteworthy that a limited number of studies have
assessed specifically which factors were associated with the
response to ranamivir. In the present study, no variables
were found to influence significantly the clinical response to
zanamivir. The only factor associated with a poor virological
responsa to ranamivir was older age. The effect of age has
already been reported for clinical response to oseltamivir in
two previous studies, bur not for zanamivir. In one study,
oseltamivir appeared dinically less effective in young children,
between O and & years, compared with patients aged [6&=
64 years [1B]. In the other study, which included children
between | and 12 years, a similar effect was observed [27].
Because patients younger than |8 were not included in the
Bivir trial, this association with younger age cannot be
assessed in our study, VYWhether older people in the Bivir wrial
would have had more difficulties in using the Diskhaler
device required for delivery of zanamivir remains a question.

Initiation of antibiotics at baseline was the only factor for
which the association was in the opposite direction for osel-
tamivir and zanamivir. Such a factor has not been studied in
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previous publications, and the limited number of patients
given antbiotics in our study makes interpretation of these
data hazardous. One could suggest that for oselamivir
responge it might be considered as a proxy for the intensity
of the disease at baseline, as were symptom scores and viral
load. It is less easy to explain the pasitive effect of antibiotics
at baseline on the response to znamivir. k& may be more
directly related to the antibacterial effect; a hypothesis would
be that, in reducing the possible bacterial co-infection, antibi-
otic treatment would allow more efficient local diffusion and
action of the antiviral drug.

We must recognize several fimitations to this study. The
presence of a control placebo group might have been help-
ful to distinguizh factors associated with the natural history
of the influenza infection and those truly linked to the
response to antivical treatment This choice of a no pla-
cebo-placebo group in the Bivir trial was based on the fol-
lowing reasans: (1) it is proved that neuraminidase inhibitors
reduce the median time of symptom alleviation in adults
and children by approximately 0.5 days, and have a variable
impact on reducing the wviral nasal shedding. and (il) neur-
aminidase inhibitors are recommended in France o wrear
patients with risk factors. Another limitation is the sample
size of our study, which was relatively small, and could be
responsible for a lack of detection of some associations.
The present study was a secondary analysis of dama col-
lected in a community-based randomized trial, and the num-
ber of patients included corresponds to the number of
patients included in the oseltamivir or ranamivir arms of the
Bivir therapeutic trial. The counterpart Is that it allowed a
parallel assessment of the same factors, which were
recorded prospectively for the two drugs in exactly similar
condiions. It could explain why some factors already
known as influencing the response of oseltamivir have not
been found in our study. For instance Time from the onset
of any symptoms to the start of treatment’, demonstraced
in several studies [9,29.30], has been tested as variable fac-
tor in our study, but was not associated with the response
for oseltamivir or zanamivir. The limitation is that subjects
in the Bivir trial were adults older than |8 years who con-
sulted their general practiioner and were included quickly
after the onset of the disease, within 36 h of influenza
Symptoms onset.

Factors associated with a lower response to oseltamivir
or mmnamivir appeared to be easily identifable during routine
clinical examination and, when appropriate, by nasal sampling
at baseline. The association berween gender and response to
oseltamivir, unknown untdl now, was not linked to the effect
of compliance. If it is confirmed, other hypotheses remain o
be investigated.
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4.3 Transmission de la grippe par les sujets grippés &ités par INA (article 4)

S’il a été montré que la durée du portage viralidi@it chez les patients traités par oseltamivir
(28), l'efficacité des INA pour réduire la transsimn de la grippe lorsqu'ils sont utilisés comme
traitement chez les patients grippés reste déebébbie106-108). Dans le cadre de I'essai Bivir
(essai contrélé randomisé en double aveugle étubéficacité de la combinaison oseltamivir +

zanamivir par rapport a l'oseltamivir et au zanamew monothérapie, décrit ci-dessus (36)), une
étude ancillaire a été réalisée pour analysereftetie la bithérapie oseltamivir + zanamivir sur la
transmission de la grippe dans les foyers, parad@pune monothérapie oseltamivir ou zanamivir

seul.

Dans cette étude, les taux de syndromes grippawndaires survenus dans les trois bras de 'essai,
chez les contacts familiaux des patients inclussdiéessai (cas index) et ayant une grippe
confirmée, ont été comparés. Les foyers dans lés@uemoins un cas de syndrome grippal avait
été rapporté dans les 15 jours précédant l'inclugho cas index ont été exclus. Un cas secondaire
était défini par la survenue chez une personneacbfun syndrome grippal (fievre accompagnée
d’'une toux) dans les 7 jours suivant l'inclusionahs index. Les caractéristiques du foyer, comme
la taille du ménage et la survenue d’'un syndromppgt, ont été enregistrées par le médecin

investigateur & l'inclusion et ad™jour de traitement (J7) du cas index lors d'uséevide suivi.

Au total, 543 contacts familiaux de 267 patientde ont été inclus dans I'étude, dont 466 avaient
un formulaire de suivi rempli. Un syndrome grippaété rapporté chez 58 contacts (12,5%) sans
différence significative entre les trois groupes(p,07). Lors de I'analyse limitée aux 232 cordact
des 136 patients index dont la premiere prise alteement (INA) était survenue dans les 24 heures
suivant l'apparition des symptémes, 14 cas secmylant été observés chez les 81 patients du bras
oseltamivir (15%), 14 chez les 95 patients du easamivir (15%) et 2 chez les 56 patients du bras

oseltamivir + zanamivir (4%) (p = 0,05).
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Le fait d’avoir observé une différence lorsque #bise a été limitée aux cas index pour lesquels
leur syndrome grippal avait débuté moins de 24 faleur inclusion dans I'essai, alors qu’elle
n'était pas observée pour 'ensemble de patientesggai Bivir, est en adéquation avec les données
de la littérature. Des résultats précédemment @silsluggéerent que, pour limiter la transmission de
la grippe au sein du foyer, le traitement antivtalt étre initié dans les 24 premieres heuresade |
maladie (65, 106-108). Par contre la plus granfieagfté de la bithérapie oseltamivir + zanamivir
pour réduire la transmission de la grippe sembleagrradiction avec les résultats de I'essai Bivir,
qui montraient que le traitement par oseltamivirl gait plus efficace que la bithérapie oseltamivi

+ zanamivir (36). L'une des explications avancéasis que la bithérapie pourrait avoir, dans les
premiéeres heures, une cinétique de décroissanate \pius rapide que les deux monothérapies.
Cette hypothese, qui n'a pas pu étre vérifiee p@umoment, nécessiterait d’étre évaluée dans des

études ultérieures.

La principale limite des résultats présentés estlguliagnostic de grippe des cas secondaires n'a
pas pu étre confirmé virologiguement. L'effet sugér de la bithérapie, contradictoire avec les
résultats princeps de I'essai et obtenu a partivadanalyse en sous-groupe, doit ainsi étre irée¥pr

avec prudence.

Les résultats de cette étude ont été publiés danstiviral Therapy (38) :

- Carrat F, Duval X, Tubach F, Mosnier A, Van der W&y Tibi A, Blanchon T, Leport C, Flahault
A, Mentré F; BIVIR study group. .Effect of oseltaninj zanamivir or oseltamivir-zanamivir
combination treatments on transmission of influemzhouseholds. Antivir Ther. 2012;17(6):1085-
90.
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Background: The effectiveness of ncuraminidase inhibi-
tors to reduce transmission when uvsed as treatment in
influenza-infected patients remains debated.

Methods: In a prespecified analysis of a blinded rand-
omized controlled trial on the efficacy of oseltamivir-
zanamivir combination therapy versus oseltamivir and
zanamivir monotherapy conducted during the 2008-
2009 seasonal influenza epidemic, we compared the rate
of secondary illness in household contacts of influenza-
positive index patients between arms. Secondary illness
was defined as oceurrence in contacts of fever plus cough
within 7 days from randomization of index patients.
Analyses were conducted according to the delay between
patients’ onset of symptoms and intervention.

Results: A total of 543 household contacts of 267
index  patients  were  included, of which 466 had

follow-up assessment. A secondary illness was reported
in 58 (12.5%) contacts with no significant difference
between arms overall (P=0.07). When the analysis was
limited to the 232 contacts of 136 index patients with
first treatment intake within 24 h of onset of symptoms, a
lower rate of secondary illness was reported in the combi-
nation therapy arm (2 of 56 [4%)]) than in the oseltamivir
arm (14 of 81 [17%]; P=0.014) and the zanamivir arm (14
of 95 [150]; P=0.031). Multivariate analysis accounting
for intra-household correlation confirmed these findings.
Conclusions: Our analysis suggests a greater effective-
ness of the combination therapy to reduce transmissibility
when given to the index patient within 24 h of onset of
symptoms. As the finding was obtained from a subgroup
analysis, it should be interpreted with caution,

2012 International Medical Press 1:358-6535 |print) 2040-2058 [onling)
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Introduction

Prevention of mfluenza transmission in households
1s recognized as a means of reducing spread of influ-
enza. MNeuraminidase inhibitors (nebolized  zanami-
vir [Relenza™; Glaxo Wellcome] and oral oseleamivie
[Tamitlu®; Hoffmann-La Roche]) demonstrated clear
efficacy on susceptibility when used as postexposure
prophylaxis in household contacts [1]. By contrase,
the effectiveness of neuraminidase hibitors to reduce
infectivity and subsequent onward transmission when
used as treatment in symptomatic infected patients
remains debated [2-5].

During winter 2008-2009, a large blinded rand-
omized trial comparing the efficacy of oseltamivir-
ranamivir combination therapy to oseltamivir mono-
therapy and zanamivir monotherapy was conducred n
France [6]. The trial showed that oseltamivir—zanamivir
combination therapy was less effective than oseleamivir
monotherapy and not more effective than zanamivir
monotherapy for achieving virological and clinical end
points. In a prespecified secondary analysis, we com-
pared the rate of secondary illness in household con-
tacts of influenza-positive patients berween arms and
assessed facrors associated with secondary illness,

Methods

A complete description of the trial is described by Duval
ct al. |6]. Briefly, the trial was conducted in 47 centres
in France and included parients 18 vears or older who
sought medical advice within 36 h of the onset of influ-
enza symptoms and who were tested positive with a
rapid influenza test [Clearview® Exact Influenza A
& B; Inverness Medical, Cologne, Germany) between 7
January to 15 March 2009, The predominant epidemic
strain was A/Brisbane/10/2007 (H3N2)-like influenza
virus. At enrelment, a nasal swab was collecred and
the patient was allocated to one of the three trearment
arms: oseltamivir orally 75 mg twice daily plus inhaled
placebo (O}, zanamivir 10 mg inhaled daily plus oral
placebo (£} and oseltamivir 75 mg orally twice daily
plus zanamivir 10 mg inhaled {OZ). The primary end
point in the trial was the proportion of patients with
reverse transeription (RT)-PCR wviral load =200 cop-
ies of genome equivalent {cgeqfpl on a nasal sample
collecred at day 2 during a nurse visit. Symptroms and
other characteristics, including size of the houschold
and presence of any flu-like illness in houschold mem-
bers were recorded by the practitioner from the patient
at inclusion and ar day 7 during a follow-up visit,
Patients with negarive or missing baseline mfluenza RT-
PCR measurement were excluded from the analyses. A
household contact was defined as a subject living in the
same house as the randomized patient. Households in

2 Poge numbers nof for citotion purpeses

which =1 contact reported mfluenza symptoms during
the previous 15 days before inclusion of the patient in
the rrial were excluded. A secondary illness was defined
as fever plus cough occurring between inclusion and the
tollow-up visit in a household contact.

Statistics

The comparison of secondary illness rates between arms
was a prespecified analysis, Post boc subgroup analyses
were conducted by raking into account the time berween
onset of symptoms in the patient and allocation to inter-
vention or by considering only secondary illness that
occurred after a minimum time lag afrer allocation to
intervention, as these factors were shown to influence the
effectiveness of preventive measures [7,8]. Household
contacts with missing follow-up data were discarded
from the analvses. The %* test or the Kruskal=Wallis test
was used for global comparisons across the three arms.
In case of a significant test, pairwise comparisons were
performed. We used an alternating logistic regression
model with an exchangeable log odds ratio to rest the
association between the treatment arm and secondary ill-
ness and to identify other factors associated with second-
ary illness in houwsehold contacts [9]. Potential factors
were included based on a P-value <0.20 in univariate
analysis and were then selecred in a multivariate analysis
using a backward procedure. For all analyses, a P-value
of 0.05 was considered as statistically significant. Analy-
ses were performed using SAS™ version 9.2 {SAS Institute
Inc., Cary, NC, USA).

Results

The analysis set included 267 index patients and 543
household contacts (Figure 1). Characteristics of index
patients or household contacts at inclusion (day 0) were
well balanced across arms (Table 1), At day 2, the pro-
portion of index patients with a viral load <200 cgeg/ul
was lower in the £ arm compared with the OZ arm
133% versus 54%; P=0.007) but did not differ berween
the O arm and the OZ arm {59% versus 54%; P=0.51).

Follow-up status was available in 466 houschold
contacts, of whom 232 were contacts of 136 index
paticnts with first treatment intake within 24 h of onset
of symproms, A secondary illness was reported in 58
i12.5% ) contacts with no significant difference berween
arms overall (Table 2). When the allocation to interven-
tion occurred within 24 h of the onset of symproms in
the index patient, the rate of secondary illness differed
between the three arms (P=0.0499) and pairwisc com-
parisons showed a lower rate i the OZ arm (2 of 56
[4%:]) than in the O arm (14 of 81 [17%]; P=0.014)
and the £ arm (14 of 95 [15%]; P=0.031). The median
time berween melusion and secondary illness onser
was 3 days (range 0-7), In toral, 14 (25%) secondary

22012 International Medical Press
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Figure 1. Participant flow chart

Influenza transmission and antivirals

541 Randomized patients
|
¥ v v
Oseltamivir + Zanamivir + Oseltamivir +
placebo placabo zanamivir
Patients: 176 Patients: 173 Patients: 192
Contacts: 330 Contacts: 306 Contacts: 359
Patients with nagative RT-PCR
o missing measurement orno | | patients: 89 Patients: 83 Patients: 102
haouseholds with =1 non-gligible Contacts: 142 Contacts: 129 Contacts: 181
household contact v
’ Patients: 87 Patients: 80 Patients: S0
Analysis set Contacts: 188 Contacts: 177 Contacts: 178
) ] )
Follow-up data Index patients: 78 Index patients: 54 Index patients: 77
atday 7 Contacts: 161 Contacts: 164 Contacts: 141

RT, reverse transcription.

Table 1. Characteristics of 267 treated index patients and their 543 household contacts

Charactenistic Oseltamivir Zanamivir Oseltamivic + zanamivir Pvalue
Patients, m a7 90 ] -
Age - - - .56
18-44 years, n [%] 63 [72) 57 (B3] &0 [67) -
A5-64 years, n (%) 15 (22 29 [32) 246 (#9) -
266 years, n (%) 5 (&) 4(4) 303 -
Unknown, n (%) o (o) 0 (o} 1] -
Male gender, n (%) 47 [48) 48 (53] 43 (48)° 074
Smakers, 1 () 10 (1) 101z a (a)* 07
Timeframe =24 b, n ()" 43 [49] 54 [60] 39 (43) ]
Mean symptom score at day 0 (s)° 153 (2.9) 1653 (3.2) 153 (2.8) 099
Severe cough at day 0, n (3o} 27 [31) 23 [26] 28 (1) 06D
Mean log, wral load at day 0, cgeglpl {so] 4.61(1.33) 441 [1.47) 406 (1.43) 1z
Mean number of contacts (so) 2.6 (1.04) 147 (1.00] 140 (1.03) 034
Mean log, viral load at day 2, cgeqipl (so] 2.15(1.25) 2.72(1.31) 247 (1.13) 0002
Viral load <200 cgeq/ul at day 2, o %) 48 [59] 29 [33) 45 [54) n.002
Observance (100%) at day 2, m (%) 76 [B7) 75 [B3) 75 (83) (69
Eligible howsehold contacts, n 188 177 178 -
Age of eligible household contacts - - - AT
-4 years, n (Yo} 18 [10) 19 (1) 25 (14) -
5-17 years, n (%) 50 [27) LS [31) 411(23) -
18=44 years, 1 [%] 53 (28] &0 [34) 65 [37) -
A5—Ed vears, n (%) 50 [27) 36 (200 T (21) -
=66 years, n (%) 3 (5) 714) 704 -
Unknown, o (%) g4 111) 3102) -
Vaccinated eligible household contacts, m (%) 18 [B) 11 (8) 14 (7) (45

*One missing. ‘Timeframe between onset of symptoms to intervention. Fatient self-report at day 0, defined as the ratio of the sum of the severity (0= none, 1= mild,
2= maderate and 3= sewere] of seven influenza symploms o a maximum of 21, Cough with patient sell-report severity of 3. The number of participants missing data
in asEltamivir: B, ranamivir: 6 and awltamivir-zanamivir combination: 7, The number of participants miMinu data in awsEltamivie: 8, ranamivir: 16 and sseltamivir

zanamivir cambination: &
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Table 2, Comparison of secondary illness rates in 466 household contacts with follow-up data across arms

Household Oseltamivir, Fanamivir, Oseltamivir plus Povalue
Subgroups contacts, m nftotal (o] nftotal @) zanamivar, nftotal (U] [owerall)
Al subigroups 456 23161 (14) 25164 (15) 100141 (7) 00576
Time to intervention <24 h 32 1481 (17) 14/95 [15) 2156 (4] 0,049
Ewcluding secondary illness the day of inclusion® 78 13{80 (18] 1192 (12) 2/56 (4] 0071
Excluding secondary illness the day of inclusion 226 1273 (15]) 1091 (1] 256 (4] 0.0962
and the day after inclusion®
Time to intervention =24 h 34 /B0 [11) 11j83 (16) gfas (9] 04491
Excluding secondary illness the day of inclusion 233 &35 (10} 11159 (16) alas (a] 10,3996
Excluding secondary illncss the day of inclusion 325 7176 [9) Gl (4] 683 (7] 0,8787

and the day after inclusion

*Alsa excludes one secondary illness in the assltamivie arm withowt information on the delay between inclusion and anset of symptoms,

illnesses occurred the day of or the day after inclusion.
Mo difference berween the treatment arms was revealed
when these illnesses were excluded.

In the multivariate analysis of the 466 contacts, sec-
ondary illness was associated with severe cough in the
index patient {OR versus not severe 2.08 [95% CI 1.06,
4.08]; P=0.03) and no other covariate was significant.
When the analysis was restricted to the 232 household
contacts of index parients allocated to intervention
within 24 h of onset of symptoms, secondary illness was
associated with younger age in the index patient (OR
per vear increase L95 [95% CI 0.91, 0.98]; P=0.005),
and was increased in case of monotherapy by compari-
son with combination therapy (O arm versus OZ arm
OR 5.29 [95% CI 1.08, 25.9]; P=0.04 and Z arm ver-
sus OF arm OR 4,60 [95% CI 0.97, 21.7]; P=0.05),

Discussion

When the index patient was treated within 36 h of
onset of symproms, no significant difference was shown
berween oseltamivir, zanamivir or oseltamivir plus zan-
amivir concerning the secondary illness rates in patients’
houschold contacts. However, when the analysis was
restricted to treatment initiated <24 h from the onset of
symptoms, the combination of oseltamivir plus zanami-
vir was found to be associated with a lower secondary
illness rate than oseltamivir or zanamivir monotherapy.
This finding was surprising, as the wial found superior
virological and clinical effectiveness with oseltamivir [6]
—and, consequently, a decrease of secondary illness in the
O arm compared to the two other arms was expecred, A
selection bias was unlikely since we did not find any dif-
ference regarding variows virological end points between
influenza-positive patients selected in the hovsehold con-
tact analysis and those not selected {Addinonal file 2),
Among other explanations for our findings, a false-
positive finding by inflation of statistical tvpe | error
in a post boc subgroup analysis cannot be eliminated,

4 Foge numbers Aot for oitotien purposes
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However, the fact that we observed significant differ-
ences when the intervention could be applied quickly
in the presumably first influenza-infected patient is in
favour of a lack of a false-positive result. Indeed, stud-
ies of antiviral treatment to limit influenza transmission
within the household suggested that effectiveness could
be obtained only when the intervention was applied
within 1 day of first symproms in the index patient [4].
Based on these findings, we hvpothesize that the com-
bination therapy might have a different kinetic partern
with faster antiviral activity than each standalone mon-
otherapy, leading to a more rapid decline in viral load
and acring on transmission when it can be prevented,
that is, during the first 24 h of symptoms. This hvpothe-
sis does not contradict with the trial findings, burt is not
supported by direct data, thus highlighting the need for
pharmacodynamic studies of combined neuraminidase
inhibitor therapy.

Owr secondary analysis has other limitations. Firse,
secondary illness in household contacts was not virologi-
cally confirmed and was simply reported without any
objective measurement of fever by the patient during a
medical follow-up visit, and therefore may have been
subject to lack of specificity and recall bias. Second, our
study did not capture non-febrile respiratory illnesses or
asymptomartic influenza infecrions, Therefore, the rate of
febrile sccondary illness underestimated the rate of sce-
ondary influenza infections. However, assuming thar the
proportion of febrile illnesses among all influenza infec-
tions was comparable across the study arms, the differ-
ences in secondary influenza infection rares berween the
combination and monotherapy arms would be higher
than those reported for febrile illnesses, Third, some
howschold contacts with febrile illnesses may have been
mfected from sources outside the household; this propor-
tion has been estimared ar 23% during the HIN1-2009
pandemic [10]. Fourth, 77 {14%) houwsehold contacrs
were lost o follow-up and a bias cavsed by unequal
distribution of unmeasured confounders between arms
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cannot be excluded. Fifth, the trial did not melude an
untreated placebo-placebo arm, therefore does not allow
assessment of the absolute decrease of secondary illness
rates using newraminidase mhibitors,

It 15 worthy of note, however, that the rates of febrile
secondary illnesses reported in the O or Z monotherapy
arms [9-17% ) were similar to those reported in a non-
pharmaceutical intervention study conducted in the same
setting and during the same influenza season (16%) [11].
Secondary, febrile illness rates were also in the range of
values reported in the literature during seasonal epidem-
ics [3,4] and the risk reduction of household transmission
was of similar magnitude to the reduction reported with
early zanamivir treatment in a rerrospective survey dur-
ing the HIN1-2009 pandemic [5]. Finally, the strength of
our analysis was that dara was collecred during a blinded
randomized trial, and was therefore less subject to dif-
ferential bias across arms.

Considering all household contacts, we found that
the severity of cough in the index patient was associated
with an increased risk of secondary illness in house-
hold contacts, which may be associated with a greater
amount of infectious droplets generated during intense
coughing [12]. We also found that younger age in the
index patient was associated with more transmission,
which is consistent wich findings from other household
studies [5,13,14].

Our analysis suggests a greater effectiveness of the
combination therapy to reduce transmissibilicy when
given to the index patient within 24 h of onset of symp-
toms. As the finding was obtained from a subgroup
analysis, it should be interpreted with caution and war-
rants furcher study on the topic.

Acknowledgements

We are grateful ro the members of the independent dara
monitoring commirtee for their helpful advice, to Marc
Guerrier for his fruitful support in the ethical aspects of
the research, to Philippe Ravaud for stimulating discus-
sion and o Roche and GSK laboratories for providing
oseltamivir, zanamivir and corresponding placebos,

We thank all members of the different teams and con-
tributors who collaborated in the trial for their excel-
lent support and all investigators and patients for their
acrive participation in the study,

Disclosure statement

FC is member of the French Ministry of Health advi-
sory board on influenza and the National Public Health
Council, and participated in scientific boards for Novarris
and GSK. XD has received funds for travel for scientific
conference from GSK and Roche, and lecture fees from

Roche and Gilead. AM has membership in the French

Antiviral Therapy

Influenza transmission and antivirals

Ministry of Health advisory board on influenza, mvolve-
ment in some epidemiological studies partially or fully
funded by Roche and GSK, has received funds for travel
for participation in scientific meetings from Roche and
15 member of the scientific committee of the Groupe
d’Expertise et d'Information sur la Grppe (GEIG). Th
has received funds for travel for a scientific conference
from Roche, and 15 a member of the scientific committee
of the GEIG. FM received funds from Roche, Preclinical
Pharmacokinetic Department, for a course on MONO-
LIX in December 2008, CL 15 an associated expert to the
Mational Public Health Council. All other authors declare
no COMpPELing interests.

Additional files

Additional file 1: A list of the members of the BIVIR
study group can be found at hipfwww.intmedpress.
comfuploads/docoments/AVT-11-5C-2282_Carrar_
Add_filel.pdf

Additional file 2: Supplementary rable 1, which displays
a comparison of baseline characteristics berween the
267 index patients selected in the study and 274 patients
not selected bur included in the trial, can be found at
hepsfwww.inemedpress.comfuploads/documents/ AV T-
11-5C-2282_Carrar_Add_fle2. pdf

References

1. Jefferson T, Jones M, Doshi [, Del Mar C. Meoraminidase
inhibitors for preventing and creating influenza in healthy
adults: systemarnic review and meta-analysis. BMJ 2009,

339bi 106,

2. Hayward A. Does trearment wich osclramivir prevent
transmission of influenza o houschold contaces? Clin Tnfect

Dus 2010; 30:715-71a.

3. Halloran ME, Hayden FG, Yang Y, Longini IM, |r.,
Monto AS. Antiviral effects on influenza viral eransmission
and pn[hnﬁcnjciw: observarions from houschold-based

trials. Ams | Epidentiol 2007; 165:212-221.

4. Mz S, Cowling BJ, Fang V), er al. Effects of oseltamivir
wrearment on duration of clinical illness and viral shedding
and houschold rransmission of influcnza virws, Clin Infecr
s 010 50:707-714.

5. Mishiora H, Oshitani H, Household wransmission of
influenza (HIN1-200%} in Japan: age-specificity and
reduction of houschold rransmission risk by zanamivir
trearment. | Inf Med Res 20115 3%:619-428,

6. Duval X, van der Werf 5, Blanchon T, ef al. Efficacy of
oseltamivir-zanamivir combination compared o each
monotherapy for scasonal influenza: a randomized placebo-

controlled rial. PLoS Med 2010; Tl 000362,

Cowling BJ, Chan KH, Fang V], et al. Facemasks and
hand hygiene 1o prevent influenza transmission in
houschaolds: a cluster randomized crial. Ann Tntern Med
2009, 151437446,

8. Maclnryre CR, Cauchemez 5, Dvwver DE, er al. Face
mask use and control of respiratory virus ransmission in
houscholds. Eneerg Tnfect Dhis 2005, 15:233-241.

%, Carev ¥, Zeger 51, Diggle I Modelling multivariate binary
data with alternating logistic regressions. Biomeetrika 1993;
H:517-526.

Fage numbers mat for citadion purposes 5

VAE - Utilisation des antiviraux dans le traitemeletla grippe 66



F Carrat et ol

10, Donnelly CA, Finelli L, Cauchemez 5, et al. Serial intervals 13, Cauchemez 5, Donnelly CA, Reed C et al. Houschold

and the tempaoral distribution of secondary infections transmission of 2009 pandemic mfluenza A (H1N1) virus in
within houscholds of 2009 pandemic influcnza A (HIN1): the United States. N Engl | Med 2009; 361:2619-2627.
implications for influenza control recommendations, Clin
Infect Dis 2011; 32 Suppl 1:5123-5130. 14, Viboud C, Boclle PY, Cauchemez 5, er al. Risk factors of
L . . . influenza transmission in houscholds, Br [ Ges Prace 2004;
11. Canini L, Andreolerti L, Ferrari P, et al. Surgical mask to Sdi6R4—ERD,

prevent mfluenza ransmission in houwscholds: a cluster

randomized trial. PLoS ONE 20110; 51213998,

12. Brankston G, Girterman L, Hirji £, Lemieux ©, Gardam M.
Transmission of mfluenza A in homan beings, Lancet Infece

Dis 2007; 7:257-265.

Accepted 10 December 2011; published online 7 June 2012

B Foge numbers not for oitation purposes 2012 Intzrnatianal Medical Press

VAE - Utilisation des antiviraux dans le traitemeletla grippe 67



4.4 Prescription et délivrance des INA lors de la pandaie grippale survenue en 2009
et lors des trois épidémies de grippe saisonniératee 2010 et 2013 (article 5)

Dans un contexte de forte controverse autour ddidation des antiviraux antigrippaux, cette étude

avait pour objectif d’évaluer la prescription edi@ivrance des INA et d'étudier les déterminaets d

leur prescription, en médecine de ville entre 2602013.

Ce travail a été entrepris grace aux collaboratides de I'essai Bivir. Il a été effectué a patér

'analyse de deux bases de données de médecindlajessues des réseaux Sentinelles et Grog
avec respectivement 38 024 et 1854 patients inelud,une base de données d'officines de ville,
issue du panel IMS-Health rapportant I'activité 68% des pharmacies de ville de France

métropolitaine.

Le taux de prescription d’'INA a été estimé a 61d8éz les patients grippés présentant un facteur
de risque vus en consultation de médecine géndraiant la pandémie A(HL1N1)pdmO09, et en
moyenne a 25,9% durant les trois épidémies de grgpp ont suivi. Les facteurs associés a la
prescription d’INA étaient I'existence d’'une patbgie chronique chez les sujets de moins de 65
ans (OR=14,85; 1C95%=13,00-16,97) et chez ceux Ilar® et plus (OR=7,54; 5,86-9,70), la
grossesse (OR=10,63; 7,67-15,76), I'obésité (ORE4%50-6,22), le fait d’avoir consulté durant
la pandémie A(H1N1)pdm2009 (OR=3,19; 2,93-3,48)awir 65 ans ou plus sans pathologie
chronique (OR=1,35; 1,04-1,74). Le nombre de baltastiviraux délivrées en pharmacie durant la
pandémie A(H1IN1)pdmO09 a été de 835 pour 100 00Qdmb, et en moyenne de 275 pour 100 000

habitants durant les trois épidémies de grippeoqusuivi.

Bien que la recommandation de traiter les patientsque présentant un syndrome grippal soit
consensuelle au niveau international (29, 30)ecagtitlde montre une baisse progressive du taux de
prescription des INA chez ces patients, atteigmanins de 20% durant I'épidémie de grippe
2012/2013. Cette réticence des médecins a applsystématiquement ces recommandations a
également été montrée récemment aux Etats-Unis (@Y. Plusieurs raisons peuvent expliquer
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ces résultats : les interrogations persistantesedticacité des antiviraux antigrippaux (20, 213,

34), la possibilité d’effets indésirables graved)(de manque de transparence des laboratoires
pharmaceutiques (86, 87) ou encore les suspiciern®uwflits d’intérét des experts de la grippe (78).
La chute impressionnante entre le taux de presmnipturant la pandémie de 2009 et les trois
épidémies qui ont suivi reflete peut-étre égalenesentiment chez les professionnels de santé que
la grippe saisonniere est moins grave que les épsspandémiques. Cette impression est contredite
des données récentes montrant que la mortalité& dagrippe a été inférieure lors de la pandémie
gue lors des épidémies ultérieures (données daitlihde Veille Sanitaire en cours de publication)
Ces résultats montent la nécessiter d’adapter kEssages de santé publique, si I'on veut qu'ils
soient écoutés par les professionnels de santéA%'Explique ainsi que "les inhibiteurs de la
neuraminidase pourraient avoir un intérét de spotdlique tout particulier lorsque la couverture
vaccinale n'est pas assurée ou non optimale (Etugtandémique et indisponibilité précoce des
vaccins, situation épidémique de non adéquatiommeesbuche virale vaccinale et souche
circulante)" (69). C'est ce message qu'a désirésgragdcemment la DGS en France, suite aux

suspicions d’une efficacité limitée du vaccin arifigal lors de I'épidémie de grippe (111).

Les résultats de cette étude ont été publiés danstiviral Therapy (39) :

- Blanchon T, Geffrier F, Turbelin C, Daviaud I, Laouénan C,vauX, Lambert B, Hanslik T,
Mosnier A, Leport C. Use of neuraminidase inhikstor primary health care during pandemic and
seasonal influenza between 2009 and 2013. Antivir 72015 Feb 17.
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Abstract

Background: In a context of controversy about influenza antiviral treatments,
this study assessed primary health care physicians’ prescription of
neuraminidase inhibitors (NIs) in France during pandemic and seasonal
influenza between 2009 and 2013.

Methods: This observational study, using data recorded in three national
databases, estimated the rate of NIs’ prescription among influenza like-illness
(ILI) patients seen in GPs’ and paediatricians’ consultations, and determined
factors associated with this prescription according to a multivariate analysis.
NiIs’ delivery by pharmacists was also evaluated.

Results: Rates of NiIs' prescription were estimated to 61.1% among ILI patients
with a severe influenza risk factor seen in GPs’ consultation during the
A(H1N1)pdm2009 pandemic versus an average rate of 25.9% during the three
following seasonal influenza epidemics. Factors associated with NIs’
prescription were a chronic disease in patients under 65 years (OR, 14.85;
95%CI, 13.00-16.97) and in those aged 65 and older (OR, 7.54; 5.86-9.70), an age
2 65 years in patients without chronic disease (OR, 1.35; 1.04-1.74), a
pregnancy (OR, 10.63; 7.67-15.76), obesity (OR, 4.67, 3.50-6.22), and a
consultation during the pandemic A(H1N1)pdm2009 (OR, 3.19; 2.93-3.48). The
number of antiviral treatments delivered by pharmacists during the
A(H1N1)pdm2009 pandemic was 835 per 100 000 inhabitants, and an average of
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275 per 100 000 inhabitants during the three following seasonal influenza
epidemics.

Conclusions: Although physicians seem to follow the recommended
indications for Nls in primary health care practice, this study confirms the low
rate of NIs prescription to ILI patients with a severe influenza risk factor,
especially during seasonal epidemics.

Accepted 9 February 2015, published online 17 February 2015
Running head: Outpatient influenza antiviral treatment

Introduction

Influenza is an acute infectious respiratory disease, which can lead to serious and life-threatening
complications, especially in specific populations such as the elderly and patients with a chronic
dizsease. In France, seasonal epidemics are associated with 700,000 to 4,800,000 consultations for
influenza like-illness (ILI) {1-8% of the general population) [1,2], and with 0 to 24 deaths per 100,000
inhabitants [3]. Although vaccination remains the most effective prophylactic intervention for influenza
infection in the population at risk of complications [4,5], its effectiveness is estimated only around 60%
in adults between 18 and 65 years old, and less certain in the other age groups including the elderly
[6-8].

Antiviral treatments thus constitute a complementary prophylactic and therapeutic approach.
Nls are recommended by French public health authorities [9), as in most other countries [10], to treat,
as soon as possible, ILI patients i) at risk of influenza complications, defined by patients with at least
one of the following characteristics: age = 65 years old, chronic underlying disease, obesity defined as
BMI = 40, or pregnancy, ii) who is hospitalized; i) or has severe, complicated, or progressive illness.
Currently only neuraminidase inhibitors (MIs) (oseltamivir and zanamivir) may be prescribed,
amandatanes are no longer recommended because of viral resistance [11]. They reduce the time for
alleviation of symptoms in patients with a virologically confirmed influenza infection by one day [12,13
14,15]. They decrease the occurrence of respiratory complications related to influenza in healthy
patients and those at risk, the occurrence of pneumonia, and generally the prescription of antibiotics
[12,13,14-16]. Finally, they reduce nasal shedding which could limit the spread of the disease [17].

Despite the results of these studies and the recommendations, the effectiveness of Nis to
reduce infectivity and transmission, when used as treatment for symptomatic infected patients,
remains questioned. The latest reviews and meta-analysis challenge the literature [13]. They highlight
the fact that the populations studied did not specifically include patients with a severe influenza risk
factor, as the elderly, and that the level of evidence regarding the effect of Nis on mortality and
hospitalization was low, There might be a publication bias, suggesting that studies showing no impact
of antivirals have not been published [12,15,18]. To better understand how physicians apply
recommendations in this debated context, the present study was designed to describe NIs
prescriptions by GPs and paediatricians in France during the last pandemic A(H1N1 )pdm2009 and the
three seasonal epidemics that followed.
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Methods

In the follow-up to the BIVIR clinical trial [19,20], an observational study of NIs’ prescriptions has been
conducted using three French national databases: i) French GPs’ Sentinel network database to study
NIs" prescription in ILI patients seen in general practitioners (GPs)' consultations, ii) GROG network
database to study MIs' prescription in ILI patients seen in GPs’ and paediatricians’ consultations = 48h

after onset of symptoms, iii) and IMS Health database to study NlIs' delivery in pharmacies.

French GPs’ Sentinel network database

French GPs' Sentinels network [21], focused on infectious diseases, consists of 1,208 general
practitioners (GPs), 2.1% of all GPs with a liberal or mixed activity in France. Sentinels GPs'
characteristics are comparable to those of all French GPs regarding regional distribution, proportion in
rural practice, type of praclice and distribution of main clinical skills [22]. Sentinel physicians transmit
every week by Internet the number of patients seen in consultation for ILI. ILI was defined as a sudden
onset of fever over 39°C with myalgia and respiratory symptoms (cough, sore throat). For each case,
data collected by GPs were age, sex, influenza vaccination for the current season, prescription of
antiviral treatment, chronic underlying disease without any specification, obesity, pregnancy and if a
hospitalisation was requested. The date of onset of symptoms was not reported.

GROG network database

GROG network [23], focused on influenza and respiratory virus, consists of 526 representative
physicians (391 GPs and 114 paediatricians) distributed over the French territory. Physicians transmit
every week by Internet the number of patients seen in consultation for ILI, with the same definition as
Sentinel physicians. They are asked to perform, every week, a clinical questionnaire only for the first
ILl case seen in consultation = 48h after onset of symptom, reporting the same data than Sentinel
physicians.

Inclusion criteria for Sentinel and Grog databases

All cases reported by Sentinel physicians from July 1, 2009 to June 30, 2013 were included in this
study, corresponding to four influenza epidemic seasons, 2009/2010, 2010/2011, 2011/2012,
2012/2013. From January 1, 2009 to June 30, 2013, influenza epidemic periods were determined by
applying a periodic regression model on weekly ILI incidence rates below a cut-off value [1]. All cases

reported by Grog physicians during these four epidemics periods were included in this study

Pharmacists’ database

Private IMS-Pharmastat network consists of 14,000 representative pharmacies distributed over the
French territory (60% of pharmacies), excluding hospital pharmacies. All medication sales are
collected weekly. Data are aggregated into therapeutic classes from the Anatomical Classification of
the European Pharmaceutical Marketing Research Association (EphMRA) [24] and an estimation of
medication sales in France, out of hospital, is calculated each week. From January 1, 2009 to June
30, 2013, sales of influenza antivirals agents (class J05B4=oseltamivir and zanamivir), measured in

boxes (10 pills per box), were included in the study.

VAE - Utilisation des antiviraux dans le traitemeletla grippe

73



Statistical analysis

For the two physicians' databases, a descriptive analysis was performed on all variables collected for
included cases. A new variable named "Presence of at least one severe influenza risk factor” was
created, defined by patients with at least one of the following characteristics: age = 65 years old,
chronic underlying disease, obesity defined as BMI| = 40, or pregnancy. To prevent a misinterpretation
of our resulis, the rate of Mis' prescription was analysed for the whole study population, but particularly

for cases with the presence of at least one severe influenza risk factor.

Factors associated with MIs' prescription were studied by performing univariate and then
multivariate logistic regression. The following explanatory variables were analysed: age, sex, influenza
vaccination, chronic underlying disease, obesity, pregnancy, pandemic vs. influenza season,
hospitalisation requested at the end of the consultation, and seen in consultation by a GP or a
paediatrician. A composite variable was created from “age” and "chronic underlying disease” due to a
strong interaction (data not shown) between these two variables. From the univariate analyses results,
a multivariate model was built with all variables with p-values <0.20 and then a backward selection
approach was used. Analysis were performed in three populations: i) all ILI cases, ii) IL| cases seen in

consultation =48h after onset of symptoms, iii) women between 15 and 50 years old.

Medication sales as influenza antivirals agents were analysed weekly during the study period.
A reference period of July (year n) to June (year n +1) was chosen to estimate the rate of boxes

delivered during the influenza epidemic period.

All analyses were performed with the R software (version 2.13.2; R Development Core Team
2011).

Results

Ower the four influenza epidemics analysed herein, Sentinel GPs reported 35,188 IL| cases distributed
in 11,067 ILI cases during the A(H1N1)pdm2009 pandemic, 7,809 during the seasonal influenza
epidemic in 2010-2011, 4,984 in 2011-2012 and 11,328 in 2012-2013. Mean age of patients was 26
years and 48.9% (n=16,923) of them were men. Patients having at |east one severe influenza risk
factor represent 8.9% (n=2,866) of the population. Detailed characteristics of cases are given in Table
1. Over the same influenza epidemic periods, GROG physicians reported 1,854 ILI cases seen in
consultation =48h after onset of symptoms. Among them, 48.2% (n=894) were included by a GP, and
51.8% (960) by a paediatrician. Mean age was 12 years (22.7 years for GPs' patients and 2.4 years

for paediatricians' patients) and 51.7% (n=950) were men (Table 1).

NlIs’ prescription

For the whole study period, rate of MNIs' prescription among ILI patients seen in Sentinel GPs'
consultation during influenza epidemics was 8.8% (n=2845) (Table 2). The rate of NIs' prescription
among ILI patients with at least one severe influenza risk factor was 33.4% (n=919) (Table 2); 61.1%
during the A(HIN1)pdm2009 pandemic (n=410), 34.5% during the seasonal influenza in 2010-2011
(n=1786), 23.6% in 2011-2012 (n=1486) and 19.6% in 2012-2013 (n=187). The rate of Nis' prescription
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among ILI patients without any severe influenza risk factor was 6.4% (n=1863) (Table 2); between
12.3% during the A{H1N1)pdm2009 pandemic (n=991) and 3.2% in 2012-2013 (n=314). During
influenza epidemics, 66.7% of NIs' prescriptions were to patients without any severe influenza risk

factor. Oseltamivir represented 99.9% of Nis prescription (n=2793), zanamivir 0.1% (n=4).

Rate of NIs' prescription among ILI patients seen in GROG GPs' consultation =48h after onset
of symptom during influenza epidemics was 12.8% (n=114), and 32% (n=32) among IL| patients with
at least one severe influenza risk factor (Table 2). These data are respectively of 11.1% (n=108) and
40% (n=14) among IL| patients seen in GROG paediatricians’ consultation =48h after onset of
symptom.,

During the study period, 6670 ILI cases were declared by Sentinel GPs outside of the
epidemic periods. Among these cases, 487 (7.5%) had a NIs’ prescription. Patients receiving NI
outside of the epidemic periods were older (mean age 34.8 vs 29.5, p<0.001) and had more frequently
abesity (22.6% vs 12.5%, p=0.003) than those during the epidemic periods. There was no difference
for the other characteristics (sex, seasonal influenza vaccination, presence of at least one severe
influenza risk factor, chronic underlying disease and pregnancy) (data not shown).

Factors associated with Nis’ prescription

In multivariate analysis, factors associated with Nls' prescription during influenza epidemics were a
chronic disease in patients under 65 years (OR, 14.85; 95% CI, 13.00-16.97) and in those aged 65
and older (OR, 7.54; 5.86-9.70), an age = 65 years in patients without chronic disease (OR, 1.35;
1.04-1.74), obesity (OR, 4.67; 3.50-6.22), and a consultation during the pandemic A(H1M1)pdm2009
{OR, 3.19; 2.93-3.48) versus the other three seasons (Table 3). Pregnancy was also associated with
MIs" prescription in women population aged between 15 and 50 years old (OR, 10.63; 7.17-15.76)
{Table 4). Among ILI patients seen in consultation =48h after onset of symptoms, same factors were
associated with Nis' prescription (data not shown). The medical speciality of the physician (GP or
paediatrician) was not associated with Nis' prescription,

Nis' delivery by pharmacists

Between January 2009 and June 2013, the weekly number of Nis boxes delivered in France by
pharmacists followed strictly the dynamics of influenza epidemics (Figure 1a), and the GPs Nis
prescription (figure 1b). This volume delivered fluctuated according to epidemics with a maximum
during the pandemic A(HIN1)pdm2009 (n=524,773 or 835.5M100 000 inhabitants), and a lower level
during seasonal epidemics in 2010-2011 (n=181,005 or 286.6/100 000), 2011-2012 (n=104 624 or
164, 7100 Q00), and 2012-2013 (n=238,777 or 373.9M100 000). Zanamivir represanted only 157 boxes
in 2009-2010, 72 in 2010-2011, 10 in 2011-2012 and 35 in 2012-2013, other boxes deliverad were
oseltamivir.

Over a reference period of July (year n) to June (year n +1), the rate of boxes delivered
outside the epidemic periods was 4.8% in 2008-2010, 14.3% in 2010-2011, 23.1% in 2011-2012 and
8.9% in 2012-2013 (Figure 3), corresponding respectively to 26649 Nis' boxes in 2009-2010, 30266 in
2010-2011, 31393 in 2011-2012 and 23186 in 2012-2013. Considering a margin of 3 weeks before
and 3 weeks after the official dates of influenza epidemics, the rate of NIs’ prescription outside this
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“large epidemic period” was 2.4% in 2009-2010, 4.7% in 2010-2011, 12.4% in 2011-2012 and 3.8% in
2012-2013, corresponding respectively to 13282, 9869, 16825 and 10040 boxes.

Discussion

In a context of controversy about prescription of influenza antiviral treatments [25,26], this study
astablished in France an inventory of NIs' prescription and delivery in primary health care practice
during seasonal epidemics and pandemic between 2009 and 2013,

As previously reported [27-29], the population which consult a GP or a paediatrician for an
influenza like-iliness, included in our study, was relatively young and healthy. A minority of patients
included in our study received influenza vaccination. One of the reasons is that influenza vaccination,
as Nls' prescription, is recommended in France only for patients at risk of severe influenza, who
represent a minority of ILI cases seen in GPs consultation during influenza epidemics. Our results are
consistent with those (5-14.5%) reported in European countries [27,28].

Recommendations regarding MIs' prescription in the treatment of ILI patients at risk of
influenza complication are consensual, both at the national and international level [9,10]. However,
this study showed a low and decreasing NIs' prescription rate in targeted patients. This reluctance of
physicians to prescribe Nls to all ILI patients with a severe influenza risk factor and follow strictly Nis'
recommendation in primary health care practice has been studied recently in United States [30,31]. In
this study, only 195 of 1021 (19%]) of ILI participants who met high-risk criteria received an antiviral
prescription. These low Nls' prescription rates can be explained by different factors. Concerns remain
about the Nis' effectiveness [12,13,15,18], serious side effects are evocated [32], and pharmaceutical
companies are suspected of a lack of transparency [33,34]. Moreover, some doubts about public
influenza expertise have been mentioned with a perception of conflicts of interest between experts and
pharmaceutical industry [35]. At last, French primary care practitioners are very concemed in advices
coming from independent educational medical reviews, which during the whole study pericod
expressed doubts about oseltamivir effectiveness and interest [36]. The gap between the rate of Nis'
prescription among high risk ILI cases seen in consultation by GPs in France during the 2009
pandemic and the following seasonal epidemics could reflect the physicians’ perception that seasonal
epidemic are less severe, that an unknown influenza virus which emerge during a pandemic could
have a higher morbidity and mortality, and that a Nis’ treatment has to be prescribed more frequently

during influenza pandemic.

However, in the present study when Nls were prescribed, there was a good concordance
between physicians’ practices and the recommendations. A clear association between Nis'
prescription and the presence of at least one severe influenza risk factor which reflects the
recommendation of the public health authorities [9,10]. The delivery of Nis by pharmacists strictly
followed the dynamics of influenza epidemics. Respiratory specimens are not collected routinely in
GPs' or pediatricians’ offices for influenza testing in France. Furthermore, influenza laboratory
confirmations were not available for ILI cases included in the present study. Although shown in a
recent article [30], the association between Nis' prescription and influenza confirmation could not be
tested,
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Another important point is that 6.4% of ILI patients without any severe influenza risk factor but
seeking physician consultation received Nis. It is difficult to know whether these prescriptions adhera
to the recommendations or not; these latter specify that Nis have to be prescribed for ILI patients with
savere symptoms or according to the discretion of the physician [9,10]. Regardless, these
prescriptions for patients without severe influenza risk factors represented a high proportion (66.7%) of
all Nis" prescriptions during influenza epidemic periods since 2009, and should be explored. Another
intriguing result found in this study is the existence of NIs' prescription outside the epidemic periods.
The recommendations stipulate that Nis are to be prescribed only during the circulation period of
influenza virus. French official epidemic periods, used in our study, are defined by a statistical method
[1], which does not forcibly reflect the circulation of influenza virus. It is possible that the perception of
the influenza epidemic periods was quite different for the physicians. However, even if we take a
margin of 3 weeks before and 3 weeks after the official dates, NIs' prescriptions outside this “large
epidemnic period” were still found, These results are difficult to explain, and the reasons for such
prescription should be explored in subsequent studies,

We must recognize several limitations to this study. The fact that we use pre-existent
physicians’ database did not permit the collection of more precise biomedical, psychosocial and socio-
demographic data about ILI patients, which could be associated to NIs” prescription. In the same way,
we did not have data about physicians’ characteristics., As expected [29], the rate of hospitalizations
requested by GPs among ILI cases seen in primary healith care consultations was low. The fact that it
is an infrequent event could explain the lack of power to show an association between hospitalization
and Nis' prescription, although it is a specific factor in the French NIs' recommendations. Pharmacist’s
database was limited to the number of boxes delivery without any clinical or social information about
patients who received Nls. Conversely this study presented the advantage of the large number of
subjects included in the physicians’ databases. Inclusion of the whole ILI patients seen in Sentinel
GPs' consultations during the epidemic period avoided a risk of a selection bias. The use of two
different and complementary physicians' databases, showing close results, reinforces our conclusions.
Another advantage of the study’s design is the use of physicians' and pharmacists' databases, which

permit to present data about prescription and delivery.

Although physicians seem to follow recommended indications for Mis' antiviral use in primary
health care practice, this study confirms their hesitation to prescribe Nls to all ILI patients with a
severe influenza risk factor. It would be useful to try to understand the reasons of the gap between
experts’ recommendations and physicians’ practices. A prospective study would better assess
biomedical, psychosocial and socio-demographic factors associated with NlIs'  prescription.
Considering this reluctance from GPs to prescribe NI systematically to ILI patients with a severe
influenza risk factor, it could be interesting to modulate our public health messages. Improvement of
adherence to Mis' prescription might be focused among those for whom influenza vaccination is less
effactive. For example, when the early estimate suggests that the influenza vaccine has low

effectiveness against circulating influenza, as against the (H3N2) viruses circulating this year [37].
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Figures

Figure 1a: Mumber of boxes of oseltamivir delivered per 100 000 inhabitants per week in France
between 2009 and 2013, weekly incidence of IL| cases seen in general practice.

*Shaded periods represent influenza epidemic periods determined by applying a periodic regression model on
weekly ILI incidence rates below a cut-off value [1]

Figure 1b: Number of cases included in the study who received a NIs' prescription in and outside of
the influenza epidemic periods in the Sentinel GPs database.

* Shaded periods represent influenza epidemic periods determined by applying a pericdic regression model on
weekly ILI incidence rates below a cut-off value [1)
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Table 1: Description of ILI cases included between 2009 and 2013, 35188 cases seen in GPs’
consultation (French GPs' Sentinels database) and 1854 seen in GPs' and paediatricians’ consultation
<4 8h after onset of symptoms (GROG network database)

French GPs’ GROG network
Sentinels database database
Included by
Included by GPs Included by GPs Paediatricians
N=35188 N=894 N=960

Age, Median [Quartile] 21[9;40) 1516 ,37] 2[1.3]
<15 yo, n (%) 14003 (39.8) 438 (49.0) 960 (100)
Male, n (%) 16923 (48.9) 451 (50.7) 499 (52.6)
I[Sﬂ:?jlscarwll influenza vaccinated, n 1413 (4.1) 49 (5.5) 16 (1.7)
Presence of at least one severe
influenza risk factor®, n (%) 2666 (8.9) 101 (13.7) 35 (4.3)

> 65 yo, n (%) 1413 (4.0) 34 (3.8) 0

E?';E;IC underlying disease, 1487 (4.2) 75 (8.4) 35 (3.6)

Obesity, n (%) 309 (0.9) 7(0.8) 0

Pregnancy, n (%) 121 (0.3) 2(0.2) 0

* Presence of a severe influenza risk factor was defined by patients with at least one of the following
characteristics: age = 65 years old, chronic underlying disease, obesity defined as BMI = 40, and pregnancy

VAE - Utilisation des antiviraux dans le traitemeletla grippe 81



Table 2: NIs' prescription among ILI cases included between 2009 and 2013, 35188 cases seen in

GPs' consultation (French GPs' Sentinels database) and 1854 seen in GPs' and paediatricians’

consultation =48h after onset of symptoms (GROG network database)

2009/2010 | 2010/201 | 2011/201 | 2012/2013 Total
1 2
Nis’ prescription, n (%) 1440 (16.1) | 493 (6.5) | 402 (8.2) | 510(4.8) 2845 (8.8)
among IL| patients with 410 (81.1) | 176 (34.5) | 146 (23.6) | 187 (19.6) 919 (33.4)
Sentinelles GPs’ at least one influenza
database * risk factor***, n (%)
N=35188 among IL| patients 991 (12.3) | 309(4.4) | 249(5.9) 314 (3.2) 1863 (6.4)
without any influenza
risk factor"™, n (%)
Nis’ prescription, n (%) 61 (16.8) 15 (8.3) 14 (11.5) | 24 (10.7) 114 (12.8)
among IL| patients with 17 (43.8) 3(21.4) 6 (26.1) 6 (25) 32 (32)
Grog GPs at least one influenza
database ** risk factor™*, n (%)
N=894 among ILI patients 27 (15.3) 11 (6.8) 8(8.1) 18 (9.3) 64 (10.1)
without any influenza
risk factor***, n (%)
Nis’ prescription, n (%) 57 (15.7) 18 (9.2) 16 (9.8) 15 (6.4) 106 (11.1)
Grog among ILI patients with 9 (50) 5 (55.6) 0(0) 0(0) 14 (40)
paediatricians’ at least one influenza
database ** risk factor***, n (%)
N=960 among IL| patients 35 (17.2) 13 (7.0) 16 (10.1) 14 (6.2) 78 (10.1)
without any influenza
risk factor***, n (%)
* All ILI cases seen in consultation
**|LI cases seen in consultation = 48h after onset of symptoms
*** Presence of a severe influenza risk factor was defined by patients with at least one of the following
characteristics: age = 65 years old, chronic underlying disease, obesity defined as BMI = 40, and pregnancy
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5 Etudes en cours

5.1 Etudes des facteurs associés a la participation desédecins a un essai clinique
lors d’une épidémie de grippe

Les travaux a partir des données recueillies dutesgai Bivir se poursuivent. Une étude, en cours
de finalisation, vise a mieux comprendre les fast@ofluencant la participation des médecins a un
essai clinique au cours d’'une épidémie grippalelittérature rapporte plusieurs facteurs limitant
l'inclusion dans les essais menés en médecine atolvel comme I'age, le mode d’exercice, le
type de mise en place de I'étude, le manque dedeetpa peur que I'enquéteur s'immisce dans la
relation médecin-patient (112-116). Toutefois akcéatude de ce type n’a été menée au cours d’'une
épidémie comme la grippe, occasionnant un afflux miients et donc des difficultés
supplémentaires pour les médecins d’inclure descgents dans un essai. Afin d’y répondre, un
guestionnaire complémentaire a été envoyé aux rm&dée I'essai Bivir, pour mieux connaitre
leurs caractéristiques socio-démographiques, nggileent leurs pratiques professionnelles, leurs
formations médicales et scientifiques, et leursivatibns. L'étude a été proposée a I'ensemble des
médecins qui avaient donné leur accord pour ppetica I'essai Bivir, qu’ils aient ou non inclus
finalement au moins un patient. Au total 276 méuecint été contactés et 160 (58%) ont rempli le
guestionnaire. Des analyses sont en cours poureétled facteurs associés a une participation

active ou non a I'essai. Ce travail est en cournddisation.

5.2 Observance de la prescription d’'un INA chez les p#&tnts grippés

Une seconde étude, toujours issue des donnéessiailBivir, est également en cours concernant
le respect par les patients de la prescription dNA dans le traitement de la grippe. Jusqu’a
présent les travaux menés sur ce theme ont posEntaslement sur la prise d’'un INA en
prophylaxie durant la pandémie A(H1INI)pdmO09 (11D 2Pour répondre a cette question, ont été

étudiés dans les trois bras de I'essai (oselta@gimamivir, oseltmivir+placebo et
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zanamivir+placebo) les facteurs de non observandeagement antiviral prescrit par les médecins

généralistes chez des patients présentant un syedgoippal et un test rapide de grippe positif.

L'observance était mesurée a partir des auto-cqurasires remplis par les patients a chaque prise
de traitement, complétée par I'information sur mmbre de gélules rendues a la fin de I'essai
lorsqu’elle était disponible. En référence aux dmspubliées dans les traitements antibiotiques
pour des infections aigués, ont été classés confreervants les patients ayant pris au moins 80%
du traitement prescrit. Ce travail a fait I'objétite présentation a la RICAI en novembre 2014 et la

soumission d’une publication est prévue prochaimgme

Les résultats de cette étude ont été présentés loda dernier congres de la RICAI en
novembre 2014 a Paris (121) :

- Flicoteaux R, Protopopescu C, Tibi A, Duval X, LiBavan der Werf SBlanchon T, Mosnier A,
Chevret S, Leport C. Facteurs de non observance ditthérapie anti-grippale : études des données
d’un essai randomisé dans le cadre de la gripgers@iere. RICAI; Paris. 2014.
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Facteurs de non observance a une bi-thérapie antrigpale : études des données d'un essai
randomisé dans le cadre de la grippe saisonnierel®Al 2014. Présentation orale 192.

Flicoteaux R? Protopopescu G Tibi A%, Duval X!, Lina B®, van der Werf 8", Blanchon °,
Mosnier A, Chevret 8, Leport C.

1 JAME (Infection, Antimicrobien, Modélisation, Evdiion), UMR 1137, Université Paris Diderot,
Sorbonne Paris Cité, Paris, France

2Département de Biostatistique et Information Méldicd MR-S717, Hopital Saint Louis, APHP, Paris,
France

3 Aix Marseille Université (Aix Marseille School ofdenomics - SESSTIM UMR 912, INSERM, IRD),
Marseille, France

4 Université Paris Descartes, Paris 5, Faculté denRdcie Paris, France
®Université Lyon 1, VirPatH, CNRS FRE 3011, Lydfrance

®Institut Pasteur, Centre National de Référencevilas influenzae (Région-Nord), Unité de Génétique
Moléculaire des Virus a ARN, Paris, France

"CNRS URA3015, Paris, France
8nserm UPMC UMR-S 707, Faculté de médecine Pidrhdagie Curie, Paris, France
°Université Pierre et Mrie Curie, Paris 6, UFR de Mgkine, U707, Paris, France

19 Réseau des Groupes Régionaux d’Observation deif@es(GROG), Coordination nationale, Paris,
France

En ambulatoire, I'inobservance est I'un des obstd l'efficacité des traitements prescrits. Nous
avons étudié les facteurs de non observance aambimaison oseltamivir (O) et zanamivir (Z)
prescrite par des médecins généralistes a dentzapeésentant un syndrome grippal et un test
rapide de grippe positif. Les patients ont été oamdés dans 3 bras : oseltamivir 75 mg deux fois
par jour plus zanamivir deux fois par jour pendanjours (OZ), oseltamivir et placebo de
zanamivir (Opz), placebo d’oseltamivir et zanami@goZ). L’'observance était mesurée par auto-
guestionnaires remplis a chaque occasion de traiteet analyse des retours pharmacie lorsqu’ils
étaient disponibles. En références aux donnéeséaghilans les traitements antibiotiques pour des
infections aigués, nous avons classés les patientsne observants si au moins 80% du traitement
prescrit était pris. Les déterminants de I'obseceaont été étudiés apres imputation multiple afin
de tenir compte du biais liés aux données mangslahts meédecins généralistes participants a
I'étude ont inclus 541 patients; parmi eux 32 (5 ¥¥ient non-observant au traitement oral et 42
(7,8%) avait des données manquantes ne permettartodclure sur I'observance ; pour le
traitement inhalé les résultats étaient respectareande 44 (8,1%) et 50 (9,2%). La différence de
I'observance suivant le mode d’administration é&ggnificative (p = 0,0009). La non-observance, a
la fois au traitement oral et au traitement inha&it associée a une durée d’évolution des
symptomes élevée avant traitement, une chargeeviagible au moment de la mise en route du
traitement, et I'appartenance au bras de traiten@nt Outre le profil clinico-virologique de
l'infection grippale, I'observance au traitementaurs d’'un essai thérapeutique en double aveugle
peut-étre influencée par la prise de 2 principesifsaddans l'un des bras de traitement
comparativement aux bras n’en comprenant qu’un seul
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6 Perspectives

6.1 Etudes des déterminants de la prescription d’'un amiral dans le traitement de la
grippe saisonniére en médecine ambulatoire

Comme il a été montré dans le cadre de cette teetes INA sont recommandés dans la prise en

charge de la grippe saisonniére chez les persanmisgue (29, 30), il existe des réticences de la

part des médecins a appliquer systématiquementecesnmandations (39). Cette premiére étude

s’est toutefois appuyée sur trois bases de doneéstantes, dont les informations avaient été

collectées dans un but difféerent de ce travaildlainsi pas été possible de disposer d’infornmatio

biomédicales, psychosociales et socio-démographiquécises sur les patients inclus. De méme,

peu d’'informations sur les caractéristiques desani@d participants étaient disponibles.

Une seconde étude est en cours de réflexion afinnmdeux comprendre les facteurs
multidimensionnels associés a la prescription damtiviral dans le traitement de la grippe. Ce
travail se déroulerait en deux étapes. Une pren@tirde qualitative serait menée auprés d’un petit
nombre de médecins et de patients grippés (enZByrafin de faire ressortir les facteurs mis en
avant par les uns et les autres pour expliquerdacpption ou non d’un antiviral antigrippal. La
seconde étude, quantitative, s’appuierait sur uestipnnaire élaboré a partir des résultats de
'enquéte qualitative. Cette derniére sera menéeoaus d’'une épidémie de grippe saisonniére sur

un échantillon représentatif de médecins généealigt de leurs patients grippés.

Un groupe de plusieurs partenaires a déja étéinahsivec des compétences dans les domaines de
I'anthropologie, de la sociologie, de I'épidémiaiegde la thérapeutique et de la recherche clinique
pour mener a bien cette étude (Département desic@sieHumaines et Sociales de la Faculté de
médecine de Brest, EHESP, UMR 1337 Université Haidgrot Inserm et UMR-S 1136 UPMC
Inserm). Ce travail a été proposé une premieredais appel d’offre de 'ANSM il y a deux ans
sans succes pour le moment. Suite a la publicaior2015 de la premiere étude, le protocole

devrait étre revu prochainement et soumis dansitgs a venir a un nouvel appel d'offre.
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7 Discussion générale

Ce travail de these a été entrepris dans le cantxtla préparation a une potentielle pandémie
grippale, juste avant celle survenue en 2009 duaraa A(H1N1)pdmO09. A ce moment se posait
les questions de I'évolution de la prise en chatgela grippe suite a I'’émergence de souches

résistantes aux INA (88), et de I'intérét d’assogi@sieurs antiviraux (90, 91).

7.1 Infériorité de la bithérapie oseltamivir-zanamivir : recommandation de non
utilisation

La premiere conclusion majeure a été de montreavérts deux essais cliniques, Combina et Bivir,
la moindre efficacité de I'association de I'oseltaimet du zanamivir dans le traitement des pasient
grippés, comparée a une monothérapie par oseltan@éd résultat, constaté en utilisant une
meéthodologie en double aveugle contre placebo, cesicordant en fonction des critéres
virologiques et cliniques étudiés, et confirmé dhissdifférents sous-groupes de patients (inclus,
grippés, et grippés et compliants). Au regard éssltats de I'essai Bivir, diffusés aux autorités d
santé des le printemps 2009, il a été vivementrkmbé durant la pandémie A(HIN1)pdmQ9 de

prescrire I'oseltamivir en association avec le raina.

Dans les suites de I'essai Bivir, peu d’études®# sitéressées a I'association des INA dans le
traitement de la grippe (synthese des travauxséadi dans le tableau page 37). Deux études ont été
effectuées en laboratoire, 'une in vitro montg@@u de synergie entre I'oseltamivir et le zanamivir
(97), et I'autre chez la souris ne montrait pasliffiérence d’efficacité entre le zanamivir seulaet
bithérapie oseltamivir-zanamivir, I'oseltamivir $egtant moins efficace que la bithérapie (98).
Chez 'homme trois études cliniques ont été publ&dgte a la pandémie A(H1N1)pdmO09 avec un
nombre trés limité de sujets, 'une en médecineegda (35) et les deux autres en réanimation (92,
93). Leurs résultats n'ont apporté aucun elémertivanat |'utilisation de I'association oseltamivir-

zanamivir dans le traitement de la grippe. L'ingfiité de cette association mériterait d’étre
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intégrée en France aux recommandations officielle$AiCSP sur I'utilisation des antiviraux chez
les patients grippés. Ce d’autant que les résufiggBminaires d’'une étude en cours tendent a
monter que l'observance serait diminuée en cas réscpption de l'association oseltamivir-
zanamivir par rapport a une monothérapie de I'us dieux antiviraux (121), et que les risques
d’effets secondaires pourraient étre augmentésdersette bithérapie (36). Si on peut se poser la
guestion de l'intérét d'études supplémentaires poomfirmer ou infirmer lintérét de cette
association, il est important de noter que depQ@92es souches H1N1 circulantes ne présentent

gu’exceptionnellement une résistance a I'oseltan(®4-96).

Bien que l'oseltamivir et le zanamivir interagisseiifféeremment vis-a-vis du site d’action de la
neuraminidase (1), l'inefficacité de leur assooiatest le signe d’'un antagonisme entre ces deux
molécules. Ceci confirme l'urgence du développemdmtnouveaux antiviraux avec un mode
d’action différent des INA. Plusieurs antivirauxnscactuellement en cours de développement
ciblant différentes étapes du cycle viral (photalessous). Un tableau de synthése des antiviraux

commercialisés et en cours de développement estiiééci-dessous.

Packaging
and budding

Ad=orption

Receptor
containing
o sialic acid

Lo mRNA

.
AR A

Uncoating RNA [+/-)

Endocytosis \ W
and fusion

RMA polymerase
inhibitors

IMP dehydrogenase

inhibitors

Figure 2 | Inhibition of the influenza-virus replication cycle by antiviral agents.
After binding to sialic-acid receptors. influenza virions are internalized by receptor-
mediated endocytosis. The low pH in the endosome triggers the fusion of viral and
endosomal membranes. and the influx of H* ions through the M2 channel releases the
viral RNA genes in the cytoplasm. Adamantan({amin)e derivatives block this uncoating
step. RNA replication and transcription occur in the nucleus. This process can be blocked
by inhibitors of inosine 5-monophosphate (IMP) dehydrogenase {a cellular enzyme) or
viral RMA polymerase. The stability of the viral mRMA and its translation to viral protein
might be prevented by small interfering RMAs (siRMNAs). Packaging and budding of virions
occur at the cytoplasmic membrane. Meuraminidase (N) inhibitors block the release of
the newly formed virions from the infected cells. Figure adapted with permission from
REF. 8@ (2004) Macmillan Magazines Ltd. H, haemagglutinin.

d’apres De Clercq, Nature 2006 (14)
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Tableau : synthese des antiviraux antigrippaux ceroialisés ou en développement (phases 2 et 3)

o

Molécule Classe Voie Stade de Commentaires
thérapeutique | d’administration | développement
rimantadine inhibiteur de laper os AMM abrogée
protéine de
canal a proton
M2
amantadine inhibiteur de laper os AMM en France non recommandée suite aux
protéine de résistances du virus A(H3N2) et
canal a proton A(H1IN1)pdmO09
M2 Pas d'activité sur le virus grippal B
oseltamivir INA per os AMM en Francerecommandé (30)
oseltamivir INA A développement
arréte
zanamivir INA inhalé AMM en France recommandé (30)
zanamivir INA v ATU en France | réservé a l'usage hospitalier
peramivir INA v en cours de ATU aux USA entre 2009 et 2010
deéveloppement | AMM au Japon et en Corée du su
laninamivir INA inhalé en cours de AMM au Japon
développement
TCAD inhibiteur de la| per os développement
(combinaison | protéine de arrété
amantadine + | canal & proton
ribavirine + M2
nucléosidique
+ INA
T-705 ou inhibiteur de | per os en cours de
favipiravir '’ARN développement
polymérase
DAS181 ou Inhibiteur de | inhalé en cours de protéine recombinante permettant
fludase I'attachement développement | clivage a la surface de I'épithélium
et de la fusion respiratoire des acides sialiques,
inhibant I'attachement du virus a la
cellule
nitazoxanide thiazolides per os en cours de | bloque la maturation de

développement

I’lhémagglutinine virale
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7.2 INA en monothérapie : I'oseltamivir en premiére inention

Bien que l'essai Bivir ne possédait pas de brasebla sans traitement antiviral, il a permis de
confirmé I'efficacité de I'oseltamivir en montranh portage viral plus faible a J2 et une durée plus
courte de la maladie dans le bras oseltamivir paulrapport aux bras oseltamivir-zanamivir et
zanamivir seul (36). C’est également le premieniedscomparer en double aveugle avec placebo
I'efficacité de I'oseltamivir par rapport au zanami démontrant la supériorité du premier dans la
pratique clinique. Malgré des données controverdaas la communauté scientifique, ces résultats
renforcent les recommandations que l'oseltamivstede traitement de premier intention chez les

patients grippés présentant un facteur de risqugidpe compliquée (30).

Le lien entre la réponse au traitement par oseltaret le sexe n’avait jamais été montré jusqu’ici
(37). Cette relation possible mériterait d’étredéde de facon plus approfondie, car pourrait
nécessiter une adaptation de la posologie cheentank si elle était confirmée. Il est toutefois
important de noter que des essais récents n‘onhpasé d’efficacité supérieure d’'une double dose
d’oseltamivir par rapport a la dose actuellemenonmemandée (75 mg deux fois par jour pendant 5
jours) (122, 123). Ces resultats appuient le bedeimévelopper des antiviraux n’utilisant pas la
méme voie métabolique que l'oseltamivir qui nédesdiétre converti en oseltamivir caboxylate
par une estérase hépatique pour de devenir un atigeadctif (104). Cette étape pourrait expliquer

cette moindre efficacité de I'oseltamivir chezéanime (105).

La deuxieme partie de cette thése, qui Ss’est gt aux pratiques meédicales, a confirmeé les
réticences des médecins de ville a prescrire deltamivir chez tous les patients grippés avec un
facteur de risque gqu’ils voient en consultationtt€eéticence a également été montrée récemment
aux Etats-Unis (110). Plusieurs facteurs peuvepligaxer ce phénomene, tels que les interrogations
toujours en cours sur l'efficacité réelle des INM,(21, 23, 34), la possibilité d'effets secondaire

graves (31), les soupcons du manque de transpadasesociétés pharmaceutiques et de non-
publication d'études ne montrant pas d’impact &8 (86, 87), ou encore la perception par la
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population générale de conflits d'intérét possildate les experts et l'industrie pharmaceutique
(78). Ce qui a conduit des chercheurs a évoqutaitlgue la prise en charge des patients pourrait

étre améliorée (109).

Ces travaux sur la prescription et la délivrance agtiviraux ont été I'occasion en France de mettre
en place des collaborations entre différents réseallectant des données de fagon continue et
I'écriture de programmes d’analyse capables d’étuén temps réel I'évolution des pratiques
médicales vis a vis des INA et leur délivrance.t€etcherche appliguée a permis de répondre fin
février 2015, au cours de la derniere épidémiergmpeg, aux interrogations du Haut Conseil de la
santé publigue (HCSP) suite a la saisine de lacbine générale de la santé relative a la prioosati
de l'utilisation des antiviraux. Cette saisine ®m&it dans un contexte de tensions notables dans
I'approvisionnement du marché en oseltamivir quin@at évoluer vers une rupture de stock. Il a
ainsi pu étre constaté que le taux de prescripgt@s INA en médecine générale restait proche de
ceux des années passées (7,5% des patients guppésn consultation depuis le début de
I'épidémie 2014-2015), mais que, cette épidémiehant un nombre important de personnes, les
volumes délivrés par les officines de ville étaigitis élevés que lors des quatre derniéres
épidémies saisonniéres (figure ci-dessous). klestmage que de telles informations n’aient pas pu
étre disponibles pour le versant hospitalier, fmarticulierement lors d’'une épidémie comme celle-
ci ou les hospitalisations ont été plus nombregsésabituellement. Seule la société IMS-health a
pu fournir des informations sur la délivrance htaire d’oseltamivir. Ces données étant mises a
jour mensuellement, il n’était toutefois pas polsifavoir une bonne visibilité de la situation, ce

qui aurait pu aider la prise de décision des agd®e santé.
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Figure : Evolution hebdomadaire des délivrancesealtamivir par les officines de villes en France

métropolitaine depuis 2008

Délivrance antiviraux grippe (J05B4)

Source : données IMS-Health
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7.3 La recherche sur la grippe un modeéle pour la prépaation de la recherche
concernant de nouvelles maladies infectieuses émerges ?
Les différents travaux présentés dans le cadrette these démontrent la possibilité de développer
la recherche clinique en médecine de ville et dgnar des essais thérapeutiques randomisés. Ceci
parait particulierement intéressant pour des patfies comme la grippe prises en charge dans la
trés grande majorité des cas en dehors de I'hdpiairavail en cours sur les facteurs associgs a |
participation des médecins généralistes a dessedg@igues durant une épidémie de grippe devrait
permettre d’améliorer I'organisation de ce typeuties dans les années a venir. L'implication de la
médecine générale dans une approche pluridiscmdimaec différents groupes de travail mis en
place lors de ces projets de recherche (médecinwillde et hospitaliers, épidémiologistes,
microbiologistes, Centres nationaux de référenbarrpaciens, chercheurs en sciences humaines et
sociales ....) a permis une vision globale de la lgrobtique posée par les antiviraux antigrippaux.
La constitution de partenariats solides avec descbleurs ayant appris a travailler ensemble a

rendu possible I'apport en temps réel de certamdg®nses aux autorités de santé lors de la
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pandémie grippale A(HLN1)pdmO09 et la réalisatiomdaveaux projets de recherche durant cette
pandémie (124). Il pourrait étre intéressant decéfr a la transposition d’'une organisation de ce
type a la préparation a de nouvelles maladies tiefeses émergentes dans les années a venir. C’est
ce qu'essaye de développer le groupe de Coordm&ijeérationnelle du Risque Epidémique et
Biologique infectieux (COREB) dans le cadre d'urrtpaariat entre la Société de Pathologie

Infectieuse de Langue Francaise (SPILF) et la DGS.

7.4 Conclusion

Si de nouveaux antiviraux antigrippaux sont en sodtevaluation (14), seuls les INA sont
actuellement commercialisés et recommandés paduaitement des patients grippés présentant un
facteur de risque. Il apparait donc nécessaireéeager dans les recommandations officielles de ne
pas utiliser l'association oseltamivir-zanamivir etppeler les résultats des dernieres études
démontrant I'efficacité des INA en monothérapiesdirait également important de continuer le
travail entrepris afin de confirmer ou d’infirmex possible diminution de I'efficacité des INA chez

la femme. Enfin mieux comprendre les freins a laspription des INA, aussi bien du c6té du
meédecin que du coté du patient permettra d’addgsemessages de santé publique dans les années
a venir. Les études en préparation dans la suitetie these, que ce soit celle sur I'observance ou

celle sur les déterminants a la prescription, demtgpermettre d’avancer dans cette voie.
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RESUME

Malgré les nombreuses études menées et les recatatiars consensuelles au niveau
international, la prescription des inhibiteurs deneuraminidase (INA) en cas de syndrome grippal
reste controversée. Cette these avait pour obpbetmhieux comprendre la place qui devrait leur étre
réservée dans le traitement de la grippe saisansiggandémique.

Afin de répondre a cette question, plusieurs trawmi été menés et ont montreé :

- la moindre efficacité de I'association oseltamivizanamivir par rapport a I'oseltamivir seul
dans le traitement des patients grippés pour rédaidurée de la maladie et le portage viral
naso-pharyngé, alors qu’un effet inverse a étergbsur la transmission de la grippe lorsque
la bithérapie était administrée dans les 24 hesussnt I'apparition des symptomes ;

- Il'association de facteurs liés aux caractéristigdespatient et de l'infection virale avec la
réponse clinique et virologique lors d'un traitem@ar oseltamivir ou zanamivir, avec en
particulier une possible efficacité de I'oseltamigdiminuée chez la femme ;

- les hésitations des médecins a appliguer systénaatignt les recommandations concernant la
prescription des INA en cas de syndrome grippalzcles patients a risque de grippe
compliquée, en particulier lors des épidémies saigves.

Au vu de ces résultats et dans l'attente de nowéaitements en cours d’évaluation, il apparait
particulierement important de continuer le traeatrepris, afin de mieux comprendre les freins a la

prescription des INA et d’améliorer leur utilisatidans les années a venir.



