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CMV

, | , Beta herpes virus

Virus enveloppe HHVI1 = Herpes simplex type | (HSV-I)

HHV2 = Herpes simplex type 2 (HSV-2)

HHV3 =Varicella Zoster (VZV)

HHV4 = Epstein-Barr (EBV)

HHV5 = Cytomégalovirus (CMYV)
i 2 HHVé

Protéine du tégument

ADN double brin H HV7

HHV8 = Kaposi sarcoma

Nucléocapside

Bicouche lipidique
Enveloppe
Glycoprotéine
Gros génome 250 kb ~165 genes
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UL54, UL89 terminases

) === 5 il _ - Séroprévalence variable selon I'age et le niveau
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?\ I o T socio-économique : 40-90%

- Transmission par toutes les sécrétions
- 2 pics de primo-infection

18 année de vie
début de 'activité sexuelle
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Infection a CMV

* Primo-infection symptomatique de 'immunocompétent :
Pl virale, complications digestives (diarrhée, colite, poussée de MICI), neurologiques
(GB, myélite, méningoencéphalite), cardiaques, thrombotiques, hépatiques, SAM...

* Transmission materno-foetale : 1¢" cause d’embryofoetopathie dans les pays industrialisés
Pl ou réactivation : MFIU, déceés néonataux précoces, RCIU, prématurité, séquelles
neurosensorielles

— 40
 Réactivation (réanimation) 8% 4 |
CZD 30
* Immunodépression cellulaire = 2
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Pourquoi I'infection a CMV reste un enjeu en TOS ?

* Complications infectieuses = 1¢ cause de mortalité la 1° année post-TOS

* Infection a CMV = complication infectieuse opportuniste la plus fréquente

/ sans traitement

D+/R- D+/R+ D-/R+ Méme 3 l'ere
Infection/Maladie 68% 63% 50% des stratégies préventives
[ vecpophyaeasmos
Infection 51% 25% 23%
Maladie 20% 5% 2%

Khoury Am J Transl 2006, Liem Am J Transpl 2008, Atabani Am J Transpl 2012, Kotton 2018

* Conséquences directes et indirectes
—> greve le pronostic et le colt de la greffe

e Séroprévalence en baisse en Europe
Estimation 2050 =~ 50% de D+/R-

Zuhair Rev Med Virol
2019




Des recommandations et avis d’experts

The Fourth International

on the Management of Cytomegalovirus in Solid

Organ Transplantation

Camille N. Kotton, MD,! Deepali Kumar, MD,2 Oriol Manuel, MD,3 Sunwen Chou, MD,* Randall T. Hayden, MD,®
Lara Danziger-Isakov, MD, MPH,® Anders Asberg, PhD,” Helio Tedesco-Silva, MD,® and Atul Humar, MD2; on
behalf of The Transplantation Society International CMV Consensus Group*

Consensus Guidelines

Transplantation m xxx 2025

Raymund R. Razonable! | Atul Humar?®

Cytomegalovirus in solid organ transplant recipients—
Guidelines of the American Society of Transplantation
Infectious Diseases Community of Practice

II Clinical TRANSPLANTATION

2019

International Symposium 2023

Slaying the “Troll of Transplantation”—new frontiers in

cytomegalovirus management. A report from tzl'g%CMV

Camille N. Kotton? | Julian Torre-Cisneros®
The CMV International Symposium Faculty

Consensus Definitions of Cytomegalovirus (CMV)
Infection and Disease in Transplant Patients Including
Resistant and Refractory CMV for Use in Clinical Trials:
2024 Update From the Transplant Associated Virus
Infections Forum CID 2024:79

Per Ljungman,"*° Roy F. Chemaly,’ Fareed Khawaya,® Sophie Alain,* Robin Avery,” Cyrus Badshah,® Michael Boeckh,”® Martha Fournier,”

Aimee Hod: ' Takashi Ki '® Ajit P. Limaye,'" Oriol Manuel," Yoichiro Natori,' David Navarro,'*'® Andreas Pikis,"

Raymund R. Razonable,'®""” Gabriel Westman,'®' Veronica Miller,?’ Paul D. Griffiths,”' and Camille N. Kotton®:; for the CMV Definitions Working Group of
the Transplant Associated Virus Infections Forum




Stratégie « classique » de prise en charge

PREVENTION TRAITEMENT

t VALGANCICLOVIR
GANCICLOVIR
FOSCARNET

Viral replication
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Serologie

Kidney (n = 742)

Heart (n = 85)

Liver (n = 234)

Lung (n = 110)

Kidney - Pancreas (n = 35)

o
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Facteurs de risque :
e Statut donneur/receveur : D+/R- > D+/R+ > D-R+ > D-/R-

* Intensité/type d'immunosuppression :
induction déplétante (ATG-alemtuzumab), rejet aigu... =

’ T4 ' v v v v
° Type d organe tra nspla nte ’ v Time sinﬁ transplantation (dayzso)
Manuel Am J Transplant 2013

e
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Probability of CMV Disease




Malis :

* Nouvelles molécules antivirales (letermovir, maribavir) et a action antivirale
* Nouvelles stratégies pour évaluer 'immunité anti-CMV
* Variabilité en fonction de I'organe transplanté, inter-centres voire intra-centre

Cytomegalovirus management in solid organ transplant recipients:

A survey from the Working Group of the European Society for Organ Transplantation

Promoted via w & =
v — | Online Survey E ¢
W g 5 « ESOT congress app 1
= | 30-40-minute + ESOT social media posting g
From 19 Jul to 31%0ct 2019 _ "*‘
T RESULTS FUTURE PERSPECTIVE

R Harmonize management approaches

N 3au Amence

METHODS

i Europeannational transplantsocieties

micia

Horte Amercs

* Optimizing immunosuppressive protocols’ ‘ @
* Long term impact of CMV on graft

dysfunction and comaorbidities
= Personalized anti-CMV strategies based on

B AuLY i

a5
Ha:zr:ﬁ;“; is a:i;:?:ch monitoring of CMV-specific T cell response
£ ey * Vaccination

Management i ‘
Responses | and Managementin SOT « New drug discovery

160 Centers
esor 41 Countries PADLO A. GROSSI, et al, Transpl. Int, 2022 'E Irmlnspl.lunt
. - RLSrFNatiomna

doi: 10.3389/ti.2022,10332




1. Traitement



Infection a CMV

EFFETS DIRECTS EFFETS INDIRECTS

Moelle Encéphalite « Majore le risque de rejet

Cohorte suisse
917 rein, 237 foie, 163 poumons, 897 cosur

& 4.’3:5
E \ : . B _—
R S B Heart
"""""""""""""""""" B Kidney
Rétinite R| | " ing
~ f =k —
\ — Asymptomatic, untreated
S AV E S
Tube digestif ‘ T
colite,
hépatite, / | =
oesophagite,
cholécystite, (
pancréatite Pneumonie * Majore le risque d’infections
[+ opportunistes : pneumocystose,
\ aspergillose, lymphome EBV-induits...

 Complications inflammatoires : sténoses
artérielles, bronchiolite oblitérante,
coronarite, maladie veino-occlusive...

+ AEG, fébricule...

Ljiungman CID 2017 Stern Transpl 2014, Kotton Transpl 2013



Diagnostic

Beta herpes virus

HHVI1 = Herpes simplex type | (HSV-1)

HHV2 = Herpes simplex type 2 (HSV-2)

HHV3 =Varicella Zoster (VZV)

i HHV4 = Epstein-Barr (EBV)

s HHYV5 = Cytomégalovirus (CMYV)
e a7

HHV7 I e
HHVS TRL uL27 UL97 kinase IRL IRS RS

i H i
01412 e virion. jpg.

UL54 polymerase —™> —>
UL56, UL8Y terminases

c CMV

Glycoprotéine

e Définitions
- Infection a CMV = réplication virale détectable (sang ou organe)
- Maladie a CMV = réplication symptomatique
syndrome viral = fievre, AEG, leucopénie et/ou thrombopénie

+/- atteinte d’un ou de plusieurs organes ]
Traitement

« PCRCMV - Primo-infection

- Seuil de détection : 350 Ul, variabilité +/- 500 Ul/ml
CV faible si < 1000 Ul/ml (3 log)
CV modérée si compris entre 1000 et 10 000 Ul/ml (3 a 4 log)
CV élevée si > 10 000 Ul/ml (> 4 log)

- Primo-infection : CV + ou séroconversion chez un patient séronégatif

- SeuilCV?




1. Traitement

Antiviraux 2 GENERATIONS

1. Attachment and penetration

Valganciclovir § - G
Ganciclovir = B

> S \_, &

1. INHIBITEURS ADN POLYMERASE W

4. Maturation,
encapsidation and
protein synthesis

5. Nuclear egress of
viral capsids

DNA polymerase 6. Cellular egress

Foscarnet
Valganciclovir
Ganciclovir

DNA terminase complex

DIESEL

2. INHIBITEURS TARDIFS

1. Prichard MN. Rev Med Virol. 2009; 2. Wolf DG, et al. Proc Natl Acad Sci USA. 2001 3. Ligat G, et al. FEMS Microbiol Rev. 2018; 4. El Chaer F, et al. Blood. 2016 5. Crough T, Khanna R. Clin Microbiol Rev. 2009 6. van Damme E, et al. Front
Microbiol. 2014. Mettenleiter TC, et al. Virus Res. 2009; 8. Fishman JA. Am J Transplant. 2013.



Antiviraux

_ GANCICLOVIR VALGANCICLOVIR FOSCARNET MARIBAVIR LETERMOVIR
Cible virale UL97, UL54 UL54 uL97 UL56, UL89

Indication et Posologie Wdte)sls\IEYAK Prophylaxie : Prophylaxie : Curatif : Prophylaxie :
5 mg/kg/j 900 mg/j 90 mg/kg/j 400 mg x2/j 480 mg/j
240 mg/j si
Curatif : Curatif : Curatif : co-administration avec
5 mg/kg x2/j 900 mg x2/j 90 mg/kg x2/j la ciclosporine
Effets secondaires - Neutropénie - Tubulopathie - Dysgueusie - Interactions CYP3A/
fréquents - Insuffisance rénale - Ulcérations - Interactions CYP3A CYP2C9/CYP2C19

génitales




1¢re ligne :

Protocoles locaux

VALGANCICLOVIR PO 900 mg x2
GANCICLOVIR IV 5 mg/kg x2

The Third International Consensus Guidelines on
the Management of Cytomegalovirus in
Solid-organ Transplantation

Camille N. Kotton, MD," Deepali Kumnar, MD,? Angela M. Caliendo, MD, PhD, Shirish Huprikar, MD,*
Sunwen Chou, MD,® Lara Danziger-Isakov, MD, MPH,® and Atul Humar, MD”
on behalf of the The Transplantation Society Intemational CMV Consensus Group

* Fonction symptomes, CV,

* Inhibiteurs d’ADN polymérase UL 97

Oral Valganciclovir Is Noninferior to Intravenous
Ganciclovir for the Treatment of Cytomegalovirus
Disease in Solid Organ Transplant Recipients

Both treatments were administered for an induction period of 21 davs, fol-
lowed by 900 mg daily valganciclovir until Day 49.

—8— Oral valganciclavir
®  imravenous ganeiclovir

:

Days 0 T “ n k. » a2 L]
Valganeiclovir [N) 123 130 129 123 123 N N m m 15 "

exposition antérieure’ toxicités attendues Ganciclovir (N} 5 122 1‘)’1 o :H 1 m " "

Asberg Am J Transplant 2007

A

Sous-dosage = 1% cause d’échec
Le SiteGPR sous-dose +++
— Prendre la fourchette haute

— Anticiper I'amélioration de la
fonction rénale

— Réévaluer précocement +++

* Adaptation a la fonction rénale +/- dosage AV

TABLE 7.

Dosage recommendations for ganciclovir and valganciclovir and valacyclovir for adult patients with impaired renal function
(using Cockeroft-Gault formula)

Intravenous ganciclovir (adapted fram®%)

CrCl, mL/min Treatment dose Maintenance/prevention dose

=70 5.0 mg/kg qi2 h 5.0 mg/kg 024 h

50-69 2.5mg/kg q12 h 2.5 mg/kg g24 h

25-49 2.5mg/kg 024 h 1.25 mgkg g24 h

10-24 1.25 mg/kg g24 h 0625 mg/kg g24 h

<10 1.25 mg/kg 3 times a week after hemodialysis 0.625 mg/kg 3 times a week after hemodialysis
Valganciclovir (adapted from?53-264)

CrCl, mL/min Treatment dose Maintenance/prevention dose
=60 900 mg every 12 h 900 mg once daily

40-59 450 mg every 12 h 450 mg once daily

25-39 450 mg once daily 450 mg every 2 d

10-24 450 mg every 2 d 450 mg twice weekly

<10 200 mg 3 times a week after hemodialysis® 100 mg 3 times a week after hemodialysis




ore | Protocoles locaux
1¢re ligne :

VALGANCICLOVIR PO 900 mgx2 o .
Oral Valganciclovir Is Noninferior to Intravenous

GANCICLOVIR IV 5 mg/kg x2 Ganciclovir for the Treatment of Cytomegalovirus
Disease in Solid Organ Transplant Recipients

The Third International Consensus Guidelines on Both treatments were administered for an induction period of 21 davs, fol-
the Management of Cytomegalovirus in lowed by 900 mg daily valganciclovir until Day 49.
Solid-organ Transplantation

Camille N. Kotton, MD," Deepali Kumnar, MD,? Angela M. Caliendo, MD, PhD, Shirish Huprikar, MD,*
Sunwen Chou, MD,” Lara Danziger-Isakov, MD, MPH,® and Atul Humar, MD”

on behalf of the The Transplantation Society Intemational CMV Consensus Group o

—8— Oral valganciclavir
®  imravenous ganeiclovir

* Inhibiteurs d’ADN polymérase UL 97

* Fonction symptomes, CV,
exposition antérieure, toxicités attendues eeeen BEEBEEE B o8 B M

Asberg Am J Transplant 2007

» Adaptation a la fonction rénale +/- dosage AV

* Objectifs sous traitement :
- Décroissance de 0,5 a 1 log/semaine - rebond possible J8-J15
- CV négative a J21 sauf CV initiale élevée

* Allegement ttt IS - variabilité en fonction de l'organe, du patient et du centre
- Arrét de I'antimétabolite
- Abaissement des seuils des CNI (anticalcineurines)
- Switch antimétabolite en everolimus




2¢Me ligne

Echec a J14 : CV stable ou en augmentation ou persistance signes cliniques

Sous-dosage ? Malabsorption ? Inobservance ? Co-infection ? Localisation non traitée ?
* Infection a CMV résistant ? @ =
Rare = 1% - Plus fréquent chez D+/R-, = 11,9% chez les D+/R- pulmonaires '1 l
Données CNR ORPHAVIC = 7,18% sur 184 souches adressées au CNR
— recherche de résistance genes UL97/54/56/89/51
nécessite CV > 1000 Ul/mL
compartimentalisation possible : recherche sur plusieurs sites

* Patient réfractaire ?
Nouvel allegement d’IS, switch de I'antimétabolite vers I'everolimus

Intolérance antiviraux de 1 ligne

—> G-CSF, arrét cotrimoxazole/antimétabolite...




Antiviraux de 2¢™Me |igne

FOSCARNET

Inhibiteur de ’ADN polymérase UL54

» 180 mg/kg par jour, IV, 2 ou 3 perfusions/jour

* Toxicité

w Néphrotoxicité
- insuffisance rénale, trouble tubulaire, sd néphrotique

- chélation des ions métalliques bivalents (Mg, Ca)
- riche en sel

Q Toxicité sur muqueuses urinaires : ulcérations génitales

Hémato-toxicité : anémie, leucopénie

M Allongement du QT, torsades de pointe



Antiviraux de 2¢™Me |igne

MARIBAVIR

Inhibiteur tardif
Activité anti-CMV multimodale

Inhibition de :

Inhibition de la protéine 0
kinase UL97 n .

@

Synthése d'ADN viral

Morphogenése

Expression du géne

Activation de la synthése

des protéines Inhibition
Modulation du cycle de la sortie nucléaire
cellulaire de la capside virale

Inhibition de I'encapsidation de I'ADN viral
L'accumulation de virions immatures et
d'agrésomes ne peut pas traverser la cage
nucléaire

- limite la production virale

1. Chou S, Marousek Gl. J Virol. 2008 2. Chou S. Curr Opin Infect Dis. 2015 3. Krosky PM, et al. J Virol. 2003 4. Maertens J N Engl J Med. 2019 5. Papanicolaou GA Clin Infect Dis. 2019 6. Prichard MN. Rev Med Virol. 2009



Antiviraux de 2¢™Me |igne

MARIBAVIR

Maribavir for Refractory Cytomegalovirus Infections With Essai SOLSTICE
or Without Resistance Post-Transplant: Results From a
Phase 3 Randomized Clinical Trial Clinical Infectious Diseases®  2022;75(4):690-701

Rohin K. Avery,' Sophie Alain,” Barbara D. Alexander,’ Emily A. Blumberg,® Roy F. Chemaly,® Catherine Cordonnier,” Rafael F. Duarte,’ Diana F. Florescu,’
Nassim Kamar,® Deepali Kumar," Johan Maertens,” Francisco M. Marty,'>* Genovefa A. Papanicolaou,”" Fernanda P. Silveira,' Oliver Witzke,'®
Jingyang Wu,"” Aimee K. Sundberg," and Martha Fournier', for the SOLSTICE Trial Investigators”

Etude ouverte randomisée controlée

STUDY DESIGN maribavir versus alternative

chez les patients en échec de ttt

Study treatment phase — Follow-up phase —
Maribavir
R for 8 weeks
- (400 mg orally twice daily) STU DY EN DPO'NTS
N For 12 weeks
2 Investigator-assigned therapy Sher Bealmeit
o for 8 weeks 1. Clearance CMV S8
M (val/ganciclovir, foscarnet,
1 or cidofovir)
z ,
= Maribavir rescue arm | @ 2. Critére composite
for 8 weeks .

; (4156 g oraly batce 5l Clearance virale
+ efficacité clinique S8

. . \
Randomization 2:1 (maribavir:lAT) stratified by transplant type (SOT or HCT) and screening plasma CMV DNA level (high:
291,000 IU/mL; intermediate: 29,100 and <91,000 IU/mL; low: 2910 and <9,100 IU/mL) + ma I ntle n a S 16



Antiviraux de 2¢™Me |igne

RESULTS

352 patients were randomized (maribavir, n=235; IAT, n=117)

® & & >
@@} 40.1%
iif @

PRIMARY ENDPOINT (WEEK 8)

Essai SOLSTICE

Maribavir n/N

131/235

55,7% de clearance virale (maribavir)
versus 23,9% (alternative)

28/117

Adjusted difference (95% Cl): 32.8 (22.80-42.74)
KEY SECONDARY ENDPOINT (WEEK 16)
/N
Maribavir & i n
% " 44/235
18,7% d’objectifs atteints a S16 (maribavir)

B08 IAT

versus 10,3% (alternative)
L, @ ' 12/117

Adjusted difference (95% Cl): 9.5 (2.02-16.88)




Données vie réelle

Original Article

Determinants of virological outcomes in
. . . , 22 centres
kidney transplant recipients treated with

maribavir for refractory cytomegalovirus 88 Trein
infection Infections réfractaires (dont 63 avec

N. Kasriel 1, 5. Alain 22 *®, 1. Benotmane ®, N. Kamar 7, C. Danthu 8, C. Tinel %, C Robier ?, réSiSta n Ce a u ga n CiCIOVi r)

L. Di Ascia ®, D. Anglicheau ¥, C. Roger Y, M. Planchais *?, C. Garrouste **, P. Gatault ¥, G. Melica ©*
, M. Matignon '8, A. Corbel 77, C. Gosset X, C. Mariat **, Y. Tamzali 2%, F. Vuotto *...
H. Kaminski 1" T&

. - Clearance aS8:51,1%
- Clearance a S16: 55,7%
; | - Meilleure clearance si CV initiale
:. B . modérée et patient asymptomatique
I I II II. I - Résistance au maribavir : 20,45% au
" resamesgine s m— v o g e gt cours au décours du ttt (rechute)

W Low (<10,000 1U/mL) (n=37) ® intermediate (10,000 - 99,999 IU/ml} (n=23) ® High (2100,000 1U/mL ) (r=28)



Antiviraux de 2¢™Me |igne

VAEEVIES L4dd Avis d’experts board national 28/03/2024

1/ Place du maribavir dans la stratégie thérapeutique
Traitement de 2¢™e ligne pour les patients :
- avec infection a CMV résistant (mutation virale)
- réfractaires en échec a J14 d’un traitement bien conduit
- intolérant au ttt de 1 ligne avant le foscarnet
- pas en cas d’atteinte du SNC
PAS EN 1 LIGNE, y compris chez le patient a risque de toxicité

Narrative Review

Oral antiviral drugs for treatment of cytomegalovirus in transplant Clinical Microbiology and Infection 29 (2023)
recipients

h | v h J

R dR. R ble” " : 2 o = .

mHnE T, Raronabe Viral Load CNS involvement Tailor antiviral treatment based on resistance profile
CMV retinitis v

. ’ Maribavir*, Foscarnet, Cidofovir
Low High

Weekly clinical assessment, CMV nucleic acid testing, CBC with differential count, serum creatinine
| | l
B v

Maribavir Foscarnet Foscarnet

*Maribavir has poor CNS penetration

Satisfactory viralland clinidal response

r

Maribavir
|

v v

Treat until clinical resolution, sustained virologic clearance and immunologic recovery

Maribavir not recommended
due to poor CNS penetration




Antiviraux de 2¢™Me |igne

VAEEVIES L4dd Avis d’experts board national 28/03/2024

1/ Place du maribavir dans la stratégie thérapeutique
2/ Prescription
3/ Surveillance et evolutlon sous traltement
- PCR CMV/semaine [Esms===""
- grande variabilité |nter|nd|V|dueIIe dans la cinétique attendue de décroissance
mécanisme d’action tardif # inhibiteurs d’/ADN polymérase
- recherche de résistance acquise sous traitement a J21 si :
/1 CV d’au moins 0,5 log entre 2 PCR hebdomadaires
absence de réduction d’au moins 1 log de la CV depuis JO
- durée de ttt : 8 semaines
arrét plus précoce ? Si discuté, au moins 2 PCR espacées d’une semaine négatives
CV négativée a 8 semaines : arrét
1 seule PCR négative a 8 semaines : prolonger jusqu’a obtention de 2 PCR négatives
PCR positive modérée a 8 semaines : prolonger le traitement




Maribavir

Efficacité vs autres alternatives 2¢™e ligne
Forme orale
Tolérance : pas de médullo-toxicité

Colt? Cytomegalovirus related hospitalization costs among TRANSPLANT 0
. . . "I DISEASE
hematopoietic stem cell and solid organ transplant recipients
treated with maribavir versus investigator-assigned therapy:

A US-based study $517,476) for MBV and IAT groups, respectively. MBV demonstrated cost savings in
over 99.99% of simulations.

SCHULTZ €T AL

Pas de diffusion SNC

Observance de la forme orale

Plus faible barriere génétique a la résistance < valganciclovir, ganciclovir
Pas d’efficacité sur les autres virus

Durée de ttt optimal ?
Adaptation de doses ? Dosage disponible

Besoins de données en vie réelle +++

(et des recommandations)




Activité antivirale everolimus

CMV : virus latent dont les % du génome est dédié a contourner le systeme immunitaire
Interactions complexes

TOS : Perte de controle de la latence

1/ Echappement : surexpression des récepteurs de mort cellulaire (PD1) et des marqueurs de
sénescence (CD57)

2/ Epuisement : déplétion des LT naifs

Acteurs de la réponse immunitaire anti-CMV

Primary immune response Secondary immune response
cMV w
Epithelium L ‘21 Stress Ag
f ' " \ m157[£PCR
CMV-infected cells 1‘ \"'
& | ¢ 1 e Y= 3 1 B | g 1 ¥ 1 N \ B Fias
| [ @ @ S| )| @ @ @ J y

Temy Temra Phenotype
acquisition

> EMnnocvte @' ' CD34" (3
4 E Endothellalcell L

From Khairallah et al., Front Immunol 2017



Activité antivirale everolimus

TOS : Perte de contrble de la latence CMV par échappement et épuisement

Hypotheése = Infection a CMV liée a une réponse T dysfonctionnelle

mTOR Inhibitors Prevent CMV Infection through the |
Restoration of Functional aff and 8 T cells in Kidney| Kaminsky JASN 2022

Transplantation




Activité antivirale everolimus

TOS : Perte de contrble de la latence CMV par échappement et épuisement

Hypotheése = Infection a CMV liée a une réponse T dysfonctionnelle

mTOR Inhibitors Prevent CMV Infection through the

Restoration of Functional aff and 8 T cells in Kidney| Kaminsky JASN 2022
Transplantation

Evaluation of antiviral T-cell functionality

In Vitro Profiling of Commonly Used soimee T ?
Post-transplant Immunosuppressants g | —_—
Reveals Distinct Impact on Antiviral ; .
- Tacrolimus (T
T-cell Immunity Towards CMV < " Method
C" Mycophenolic acid (M) ethods
% IFN-y ELISpot assay
Flow cytometric analysis
\ L/ ‘ = = Multiplex assay

Cytotoxicity assay



Activité antivirale everolimus

TOS : Perte de contrble de la latence CMV par échappement et épuisement

Hypotheése = Infection a CMV liée a une réponse T dysfonctionnelle

mTOR Inhibitors Prevent CMV Infection through the |
Restoration of Functional aff and 8 T cells in Kidney| Kaminsky JASN 2022
Transplantation

Evaluation of antiviral T-cell functionality

In Vitro Profiling of Commonly Used soimee T ;/ '
Post-transplant Immunosuppressants e -
Reveals Distinct Impact on Antiviral ; e S 2T
- Tacrolimus (T — —_— *
T-cell Immunity Towards CMV < | i Vethod
C" Mycophenolic acid (M) . ethods
% IFN-y ELISpot assay
Flow cytometric analysis

% ‘ A Multiplex assay
Cytotoxicity assay

Conversion to mTOR Inhibitor to Reduce the

; 3 Survie sans CMV
Incidence of Cytomegalovirus Recurrence N
in Kidney Transplant Recipients Receiving R S
Preemptive Treatment: A Prospective, 4
Randomized Trial Transplantation m August 2023 B S T g

Laila Aimeida Viana, MD,"? Marina Pontello Cristelli, MD," Geovana Basso, MD," Daniel Wagner Santos, MD, "
Marcus Taver Costa Dantas, MD," Yasmim Cardoso Dreige, MSc," Lucio R. Requio Moura, PhD,'?
Monica Rika Nakamura, MSc,! Jose Medina-Pestana, PhD,"? and Helio Tedesco-Silva, PhD'
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1. Traitement

Immunoglobulines anti CMV

= Ig poolés enrichies en IgG spécifiques anti CMV

Anti-CMV therapy, what next? A
systematic review

Claire Gourin'*, Sophie Alain'?* and Sébastien Hantz!2*
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Perspectives
Virus-Specific T Cells for the Treatment of Systemic
THERAPIE CELLULAIRE P r
_ Infections Following Allogeneic Hematopoietic Cell and
Principe Solid Organ Transplantation JPIDS 2024
Abby Green,'? Jeremy D. Rubi in,** Michael Grimley,** and Thomas Pfeiffer
Cell Collection Manufacturing Treatment
4 . :; y o%ed
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Perspectives

THERAPIE CELLULAIRE Off-the-shelf EBV'SPECifiC T cell immunotherapy
or rituximab-refractory EBV-associated lymphoma
ollowing transplantation

usan Prockop,'? Ekaterina Doubrovina,'? Stephanie Suser,’ Glenn Heller,* Juliet Barker,** Parastoo Dahi,** Miguel A. Perales,**

Préparation a partir de donneurs de LT « primés » anti virus préts a I'emploi

Tab-cel Manufacturing Tab-cel Inventory Tab-cel Selection

PBMCs collected Separated donar Co-culture of EBV Selected basedan an
from EBV* B cellstransformed  APCsand donor appropriate HLA restriction
unrelated donor into EBV APCs Tcells and allele profile

Diverse HLA profiles
intended to cover
~895% of patients

Expansion of Comprehensive
EBVCTLs Characterizaticn

EBV-specific
HLA restriction

a. .3— *
. & - " e Tabelecleucel EBV* cell
m /. _\ ‘ Patientin Nged x EBV peptide F
e Determine patient's =1 38 S B3
: i 3 unique HLA type o/ .
t sttt BRI C
\. & / Teell
- 3 receptor

W' Including HLA

Separated restriction Selectionis intended fo
donor T cells and alfogenicity oplimize EBV* celltargeting

No Genetic Modificationof T cells Ready ?" Adv:ance Selected for Each Patient
of Patient Need

LT ga mma de Ita 2 (L COU Z|) Table3. Ongoing VST Registration Trials
Study Product Phase Indication
NCT05305040 Multi-VST mn Prevention of CMV, EBV, AdV, HHV-6,
Posoleucel BKV, and JCV infections post-HCT
NCT04390113  Multi-VST n Treatment of virus-associated hem-
Posoleucel orrhagic cystitis post-HCT
Virus-Specific T Cells for the Treatment of Systemic R
Infections Following Allogeneic Hematopoietic Cell and| | neososies vunast - resimentof i veama o aney
Solid Organ Transplantation NCTO3304365 EBVST Il Treatmentof EBVassocated PTLD
= : . . JPIDS 2024: Tabelecleucel following allo-HCT or SOT
Abby Green,' Jeremy D. Rubinstein,** Michael Grimley,** and Thomas Pfeiffer’




Perspectives

THERAPIE CELLULAIRE Expanded clinical-grade NK cells exhibit stronger effects than
primary NK cells against HCMV infection

Qian-Nan Shang'?, Xing-Xing Yu'?, Zheng-Li Xu', Yu-Hong Chen Ting-Ting Han', Yuan Yuan Zhang', Meng Lv', Yu-Qian Sun’,
Yu Wang', Lan-Ping Xu(®’, Xiao-Hui Zhang', Xiang-Yu Zhao' ¥ and Xiao-Jun Huang'?
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Perspectives

THERAPIE CELLULAIRE ff-the-shelf EBV-specific T cellimmunotherapy

or rituximab-refractory EBV-associated lymphoma
ollowing transplantation

Susan Prockop,'? Ekaterina Doubrovina,'? Stephanie Suser,' Glenn Heller,* Juliet Barker,5* Parastoo Dahi,** Miguel A. Perales,**

Préparation a partir de donneurs de LT « primés » anti virus préts a I'emploi

Tab-cel Manufacturing Tab-cel Inventory Tab-cel Selection

PBMCs collected Separated donar Co-culture of EBV
from EBV* B cellstransformed  APCsand donor
unrelated donor into EBV APCs Tcells

Selected based on an
appropriate HLA restriction
and allele profile

Diverse HLA profiles
intended to cover
~85% of patients

Expansion of Comprehensive
EBVCTLs Characterizaticn

EBV-specific
HLA restriction

Y 4 *
; ’ m Including HLA

Separated restriction Selectionis intendad fo
donorT cells and alfogenicity oplimize EBV* celltargeting

No Genetic Modificationof T cells fRaady i" Adv—ance Selected for Each Patient
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Table3. Ongoing VST Registration Trials
Study Product Phase Indication
Virus-Specific T Cells for the Treatment of Systemic e e A e il e
Infections Following Allogeneic Hematopoietic Cell and NCT04390113 ;,;um-vsr n Treatment of virus-associated hem-
soleucel orrhagic cystitis post-HCT
Solid Organ Transplantation NCT05179057 MultivST Il Treatment of AdV infection post-HCT
JPIDS 2024: Posoleucel
Abby Green,'? Jeremy D. Rubinstein,** Michael Grimley,'* and Thomas Pleiffer' NCT04605484 Multi-VST ] Treatment of BK viremia in kidney
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Tabelecleucel following allo-HCT or SOT




Perspectives

Nouvelles populations a risque

Population a risque :
greffe CSH et TOS > déficits immunitaires primitifs > PVVIH > autogreffe moelle > hémopathies
Styczynski Infect Dis Ther. 2018

Nouvelles thérapeutiques - nouvelles populations a risque

Clinical Infectious Diseases iy . N . . - o e

AIDSA, 2o || Cytomegalovirus infection among patients with cancer receiving
immune checkpoint inhibitors

Cytomegalovirus (CMV) Reactivation and CMV-Specific Annals of Gastroenterofogy (2022)

Cell-Mediated Immunity After Chimeric Antigen Receptor . . . .
T-Cell Therapy Kavea Panneerselvam?, David Szafron?, Rajan N. Amin®, Dongguang Wei<, Dongfeng Tan¢,

d e ilaf iuf f%
Eleftheria Kampmalzi.“G Sarah S. I!lra?imi,’ Hu Xie? Elizabﬁh R. Wong,' .!ess!ca B. Necm,“lglandeep K. Sel_(hnn._' Alzy:hia_Vo.‘ Terry L. Ste\{e;:s-Ayers,‘ Mehmet Altan ’ Pablo c' Okhuysen ’ Malek Shat“a r Go“umUkka'a SUbba Ra]u r AnuSha S- Thomas r
Damian J. Green,™ J.nldan Gauthier,”" David G. Maloney,”" Ailyn Perez,” Keith R. Jerome,"* Wendy M. Leisenring,*® Michael J. Boeckh,"** Yingho ng wangf-ﬂ-

CART-Cells jusque 25% Inhibiteurs de check-points : 7-8%

Contents lists available at ScienceDirect
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Narrative review 2022)
Comparative clinical manifestations and immune effects of

cytomegalovirus infections following distinct types of

immunosuppression

David S.Y. Ong "%, Ga-Lai M. Chong °, Roy F. Chemaly *, Olaf L. Cremer °
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Recommandations

2 stratégies efficaces : ttt préemptif ou prophylaxie fonction du statut D/R et de I'induction

The Third International Consensus Guidelines on
the Management of Cytomegalovirus in
Solid-organ Transplantation

Camille N. Kotton, MD," Deepali Kumar, MD,? Angela M. Caliendo, MD, PhD,® Shirish Huprikar, MD,*

ot S Rkl o B b s A Prophylaxis Preemptive therapy
Early CMV DNAemia/ infection Rare Common
Prevention of CMV disease Good efficacy Good efficacy
Late CMV (infection/disease) Common Rare
Resistance Uncommon Uncommon (with weekly testing)
Ease of implementation Relatively easy More difficult
Prevention of other herpes viruses Prevents HSV, V2V Does not prevent
Other opportunistic infections May prevent Unknown
Costs Drug costs Monitoring costs
Safety Drug side effects Less drug toxicity
Prevention of rejection May prevent Unknown
Graft survival May improve May improve

A Randomized Trial of Val iclovir Prophylaxi 1‘2&3
andomized Trial of Valganciclovir Prophylaxis | .. .... XN Al WY

Versus Preemptive Therapy in Kidney Transplant

Recipients ST
PRIMARY OUTCOME Antiviral prophylaxis Preemptive therapy
9 of 70 patients 16 of 70 patients
METHODS Biopsy-proven acute 3 a
POPULATION N P
140 adult kidney rejection by 12 ‘
transplant recipients months
CMV-seropositive or
seronegative with 13% 23%
seropositive donor
SECONDARY OUTCOMES HR, 0.52, 95% C1,0.23 - 1,19, P=0.112
Subclinical rejection at 3 months 13% vs. 29% (P = 0.027)
MV disease A% vs. 4% (P = 0. 974)
CMV DNAemia 44% vs. 75% (P < 0.001)

Meutropenia A1% vs. 23% (P = 0.019)



Recommandations

2 stratégies efficaces : ttt préemptif ou prophylaxie fonction du statut D/R et de I'induction

and Treatment of Cytomegalovirus Infections
in Transplantation

Madeleine R. Heldman,"” Michael J. Boeckh,”**" and Ajit P. Limaj

50

Current and Future Strategies for the Prevention

Clinical Infeetious Diseases

REVIEW ARTICLE

Early post-transplant

Late post-transplant

er discontinuation of PET or AP —

Key Points

r-— During PET or AP
e Wl 22z
AP i 2

Laboratory costs Coordination effort
Higher for PET Higher for PET

CMV D+R- SOT
Liver +/- kidney recipients *

higher dose ofantivirals during treatment periods with PET.

-

88 68

B8 808

Antiviral costs and
toxicities Similar for PET
and AP

Since the majority of CMV D+R- SOTr require treatment for CMV DNAemia during PET, total
antiviral exposure may be similar in PET and AP, with more days on antivirals with AP, but a

¢ D

s
¢

iat

v
ii 22 60
CMV diseaserisk: 4
Higher withAP

AP is associated with a higher risk of
late-onset CMV disease that may lead

to higher laboratory costs, coordination
and antiviral coststoxicities.

CMV D+R- SOT \

PET is only recommended as a
prevention strategy for Kidney
and liver redpients; AP is a
recommended strategies for all
D+/R- SOTr.

Antiviral costsitaxiaties are
similar between PET and AP
during the intervention period

PET reduces risks of late CMV

disease and associated

/a7

® @&
dh &
= ®
9 A i -
+
°>‘ Laboratory costs  Coordination effort
s  Higherfor PET Higher for PET
(8]
Compared to PET in D+R-SOTr, PET in R+ requires
less frequent CMV surveillance and feweer patients
develop CMV DNAemia requiring treatment, leading to

lower laboratory costs and coordination efbrt than PET
in D+R- SOTr.

\-

66
8 8686

Antiviral costs and
toxicities Higher for AP

Many R+ patients undergoing PET
do notdevelop CMV DNAemia
requiring freatment, so antiviral costs
and toxicities are lower with PET
compared to AP.

 NC
| NG

28 .
f26

v
CMV disease risk: Low
(<5%) with both PET and
AP

v

treatment costs and
coordination.
CMV R+ SOT \
Lower morbidity/mortaity from
CMV in R+ SOTrvs D+R- SOTT.

PET is a recommended strategy for
R+ kidney, liver, lung, heart, and
pancreas recipients; AP is
recommendedfor allR+ SOTr.

PET allows for reduced antiviral
exposure and associated costs and
toxicties

Disease rates with PET and AP are
similarly low.




Pratiques francaises

3 niveaux de risque

RISQUE ELEVE D+/R- > Prophylaxie 6 mois

RISQUE INTERMEDIAIRE : R+
(=

Variable
- prophylaxie systématique 3 mois a
- préemptif
- prophylaxie 3 ou 6 mois si ATG ou bélatacept

RISQUE FAIBLE D-/R- = Pas de mesures préventives spécifiques

Problématique : toxicité médullaire valganciclovir

The Third International Consensus Guidelines on 2 stratégies en développement
the Management of Cytomegalovirus in
Solid-organ Transplantation

Camille N. Kotton, MD," Deepali Kumar, MD,? Angela M. Caliendo, MD, PhD,® Shirish Huprikar, MD,* 1 / Anthl ral m ie ux tOI é ré

Sunwen Chou, MD,® Lara Danziger-lsakov, MD, MPH,® and Atul Humar, MD”
on behalf of the The Transplantation Society International CMV Consensus Group

~ 25% arrét pour cytopénies WORK IN PROGRESS 2/ Mieux identifier
les patients a risque
Etude LEUCOCYT (Kumar ATC 2024)

Risque neutropénie sévére x 4 chez le D+/R-



2. Prévention : un antiviral mieux toléré ?

Letermovir

Valganciclovir

Ganciclovir

4. Maturation,
encapsidation and
protein synthesis

5. Nuclear egress of
viral capsids

1. INHIBITEURS ADN POLYMERASE

DNA polymerase \—/

3. Viral DNA replication
Foscarnet r
° : °
L By ;

Valganciclovir
Ganciclovir

DNA terminase complex

2. INHIBITEURS TARDIFS

1. Prichard MN. Rev Med Virol. 2009; 2. Wolf DG, et al. Proc Natl Acad Sci USA. 2001 3. Ligat G, et al. FEMS Microbiol Rev. 2018; 4. El Chaer F, et al. Blood. 2016 5. Crough T, Khanna R. Clin Microbiol Rev. 2009 6. van Damme E, et al. Front
Microbiol. 2014. Mettenleiter TC, et al. Virus Res. 2009; 8. Fishman JA. Am J Transplant. 2013.



2. Prévention : un antiviral mieux toléré ?

Letermovir

* Développement en greffe de CSH # TOS
Patients a haut risque = R+, timing d’infection/greffe #

* Inhibiteur tardif complexe UL 56/UL 89/UL 51

e Etude dAMM

| ORIGINAL ARTICLE ” N ENGL ) MED 2017
Letermovir P rophylaxis for Cytomegalovirus Table 2. Efficacy End Points (Primary Efficacy Population).*
mn HematOpOIetIC_CeH Transplantatlon Letermovir Group Placebo Group Difference
‘ End Point (N=325) (N=170) (95% €1) P Value
F.M. Marty, P. Ljungman, R.F. Chemaly, J. Maertens, S.S. Dadwal, R.F. Duarte, . .
S. Haider, AJ. Ullmann, Y. Katayama, J. Brown, K.M. Mullane, M. Boeckh, number of patients (percent) percentage points
E.A. Blumberg, H. Einsele, D.R. Snydman, Y. Kanda, M.J. DiNubile, V.L. Teal, Primary end point at wk 24 after transplantation 122 (37.5) 103 (60.6) -23.5 (-32.5 to -14.6) <0.001
H. Wan, Y. Murata, N.A. Kartsonis, R.Y. Leavitt, and C. Badshah Clinically significant CMV infection 57 (17.5) 71 (41.8)
Initiation of preemptive therapy 52 (16.0) 68 (40.0)
CMV diseaset 5 (1.5) 3(1.8)
Id
-570 g reffés de CSH Discontinued trial before wk 24 56 (17.2) 27 (15.9)
Owing to adverse event 6(1.8) 1(0.6)
- LTV 480 mg/J Owing to death without CMV 28 (8.6) 12 (7.1)
Owing to other reasoni: 22 (6.8) 14 (8.2)
Missing outcome in wk 24 visit window 9(2.8) 5(2.9)
Key secondary end point at wk 14 after transplantation 62 (19.1) 85 (50.0) -31.3 (-39.9to -22.6) <0.001
o oy 7 Clinically significant CMV infection 25 (7.7)§ 67 (39.4)
é th caCIte Initiation of preemptive therapy 24 (7.4) 65 (38.2)
, . CMV diseasef 1(0.3) 2 (1.2)
pour preve ntion Discontinued trial before wk 14 33 (10.2) 16 (9.4)
”, o . . N Owing to adverse event 5(1.5) 1 (0.6)
repllcatlon/maladle a CMVv Owing to death without CMV 14 (4.3) 6(3.5)
Owing to other reasoni 14 (4.3) 9(5.3)
Missing outcome in wk 14 visit window 4(1.2) 2(1.2)
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Letermovir

* Développement en greffe de CSH # TOS
Patients a haut risque = R+, timing d’infection/greffe #

* Inhibiteur tardif complexe UL 56/UL 89/UL 51

e Etude dAMM

| ORIGINAL ARTICLE ” N ENGL ) MED 2017
Letermovir P rophylaxis for Cytomegalovirus Table 2. Efficacy End Points (Primary Efficacy Population).*
mn HematOpOIetIC_CeH Transplantatlon Letermovir Group Placebo Group Difference
‘ End Point (N=325) (N=170) (95% CI) P Value
F.M. Marty, P. Ljungman, R.F. Chemaly, J. Maertens, S.S. Dadwal, R.F. Duarte,
S. Haider, AJ. Ullmann, Y. Katayama, J. Brown, K.M. Mullane, M. Boeckh, number of patients (percent) percentage points
E.A. Blumberg, H. Einsele, D.R. Snydman, Y. Kanda, M.J. DiNubile, V.L. Teal, Primary end point at wk 24 after transplantation 122 (37.5) 103 (60.6) -23.5 (-32.5 to -14.6) <0.001
H. Wan, Y. Murata, N.A. Kartsonis, R.Y. Leavitt, and C. Badshah Clinically significant CMV infection 57 (17.5) 71 (41.8)
Initiation of preemptive therapy 52 (16.0) 68 (40.0)
CMV diseaset 5(1.5) 3(1.8)
z 4 . 4 L Discontinued trial before wk 24 56 (17.2) 27 (15.9
- Pas de myélo/néphrotoxicité o 109
Owing to death without CMV 28 (8.6) 12 (7.1)
- E me rge nce Owing to other reasoni: 22 (6.8) 14 (8.2)
Missing outcome in wk 24 visit window 9(2.8) 5(2.9)
m utati on U L 5 6 Key secondary end point at wk 14 after transplantation 62 (19.1) 85 (50.0) -31.3 (-39.9to -22.6) <0.001
Clinically significant CMV infection 25 (7.7)§ 67 (39.4)
_ I nte ra Ct i ons Initiation of preemptive therapy 24 (7.4) 65 (38.2)
CMV diseasef 1(0.3) 2 (1.2)
méd |Ca menteuses : Discontinued trial before wk 14 33 (10.2) 16 (9.4)
Owing to adverse event 5(1.5) 1 (0.6)
Cic]osporine Owing to death without CMV 14 (43) 6(3.5)
Owing to other reasoni 14 (4.3) 9(5.3)
Missing outcome in wk 14 visit window 4(1.2) 2(1.2)




2. Prévention : un antiviral mieux toléré ?

Letermovir

« AMM = Prophylaxie primaire post-allogreffe de CSH du patient CMV R+ de JO a J100

* Variabilité inter-centres : letermovir uniquement pour les patients les plus a risque ?

The promising efficacy of a risk-based letermovir use strategy in
CMV-positive allogeneic hematopoietic cell recipients

€ blood advances 2023

Mathilde Sourisseau,’ Emmanuel Faure,"? Héléne Béhal,® Paul Chauvet,”® Micha Srour,*® Antoine Capes,* Valérie Coiteux,”
Léonardo Magro,” Serge Alfandari,® Enagnon Kazali Alidjinou,” Nicolas Simon,® Fanny Vuotto," Micheline Karam,* Karine Faure,'">
lbrahim Yakoub-Agha,*® and David Beauvais™®

* Score prédictif de risque
n=316 . . N
> d’infection a CMV : greffe haplo-
2015 2018 2021 . .
n=186 n=130 identique, statut donneur CMV-,
. Period 2 (P2) §erum a.mtl—lymphocytalre,
Period 1 (P1) Letermovir irradiation corporelle totale, GVH
No letermovir according to ) :
CMV risk score sous ciclosporine ou MMF
=l rmchiasan
Low High Low High * Efficacité d’une stratégie de
risk risk risk risk . .y
n=93 n=93 n=63 n=67 prophylaxie guidée par ce score




2. Prévention : un antiviral mieux toléré ?

Letermovir

* AMM = Prophylaxie post-allogreffe de CSH du patient CMV R+ JO - J100

* Vers une extension de durée

O
: e i - : — A. Letermovir c
Letermovir Discontinuation at Day 100 After Allogeneic Stem Cell - B i
Transplant Is Associated With Increased CMV-Related Mortality S 7
Lawrence Wayne Liu", Alicia Yn?, Feng Gao®, Marissa Olson®, Mallory Crain®, Ramzi Abboud”’ o
Peter Westervelt®, Camille Abboud®, Ravi Vij”, Keith Stockerl-Goldstein”, Iskra Pusic”, =
Amanda F. Cashen®, Mark A. Schroeder®

Transplantation and Cellular Therapy 28 (2022)

Incidence of CMV-related Mortality

* Prophylaxie Il

Letermovir for Secondary Prophylaxis of Cytomegalovirus Infection and | ) |

Chack for

Disease after Allogeneic Hematopoietic Cell Transplantation: Results =l
from the French Compassionate Program Biol Blood Marrow Transplant 26 (2020
Christine Robin'~*, Anne Thiebaut’, Sophie Alain®, Flore Sicre de Fontbrune’, Ana Berceanu®,

Maud D'Aveni’, Patrice Ceballos®, Rabah Redjoul', Stéphanie Nguyen-Quoc”, Nathalie Bénard'®,
Golriz Pahlavan-Grumel'”, Catherine Cordonnier '~
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Letermovir

JAMA | Original Investigation

Letermovir vs Valganciclovir for Prophylaxis of Cytomegalovirus
in High-Risk Kidney Transplant Recipients
A Randomized Clinical Trial

JAMA July3,2023

Ajit P. Limaye, MD; Klemens Budde, MD; Atul Humar, MD, MSc; Flavio Vincenti, MD; Dirk R. J. Kuypers, MD, PhD;
Robert P. Carroll, BM, BCh, DM; Nicole Stauffer, BS; Yoshihiko Murata, MD, PhD; Julie M. Strizki, PhD;
Valerie L. Teal, MS; Christopher L. Gilbert, BS; Barbara A. Haber, MD

A 1.0 T——— B 1.0 =
b Letermavit i %
03 S 0.6
z ™ i
ﬁ ;\: .g 0.7+
= 0.6- LY =
8 S 3 06
b Vatganciclovir ™, g
£ B — - S 054
T o4 —_— ]
S —— 5 044
o 2
0.2 £ 03
= Letenmoenr 85.2% (25% CI. 83.4% 10 91.6%)
0.2 1 — yalganciiovi 57,1% (B5% C1, B2.4% 1o 0.5%
HR 0.60 (85% C1 0.56 to 1.475*
Q 0.1 scengaed
Baseline 14 Wk 28 10
Wi Wk 0.0 . T
Follow-up Day 1 Waak 28 Waak 52
Mo, of participants at risk i e "
Letermovic 292 231 191 o9 participarite i sk
Valganciclovir 297 163 95 Letarinonie - | 709 Lz 1
4 Valganciclovir 297 268 191
No. of events® No. of evernts
Letermovir 41 34 1 Letermavir 0 29 1
Valganciclowir 120 66 4 Valganciclovir 4 an 1

Figure 5. Probability of neutropenia or leukopenia (4} and endpoint committee-adjudicated CMV disease (B) in CMV seronegative kidney transplant recipients with CMV
seropositive donors randomized to valganciclovir or letermovir as CMV prophylaxis. Adapted from Limaye AP, Budde K, Humar A, et al. JAMA 2023. doi:10.1001/
jama.2023.9106. Abbreviation: CMV, cytomegalovirus.
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Letermovir

JAMA | Original Investigation

Letermovir vs Valganciclovir for Prophylaxis of Cytomegalovirus
in High-Risk Kidney Transplant Recipients

; SN ; JAMA July3,2023
A Randomized Clinical Trial

Ajit P. Limaye, MD; Klemens Budde, MD; Atul Humar, MD, MSc; Flavio Vincenti, MD; Dirk R. J. Kuypers, MD, PhD;
Robert P. Carroll, BM, BCh, DM; Nicole Stauffer, BS; Yoshihiko Murata, MD, PhD; Julie M. Strizki, PhD;
Valerie L. Teal, MS; Christopher L. Gilbert, BS; Barbara A. Haber, MD

Comment > JAMA, 2023 Nov 14;330(18):1803. doi: 10.1001/jama.2023.18019.

Letermovir vs Valganciclovir for Cytomegalovirus
Prophylaxis After Kidney Transplant (&

llies Benotmane ', Peggy Perrin ', Sophie Caillard ! a

Comment > JAMA. 2023 Nov 14;320(18):1802-1803. doi: 10.1001/jama.2023.18022.

Dose et dosage valganciclovir

Letermovir vs Valganciclovir for Cytomegalovirus , ) )
5 Ne & Schémas d’induction

Prophylaxis After Kidney Transplant

Matthew B Roberts 1, Camille N Kotton 2

Letermovir Prophylaxis After Kidney
Transplantation: Another Tool but Not a
Revolution Yet

Matthew B. Roberts, MBBS' and Camille N. Kotton, MD?*? Transplantation January 2024




2. Prévention : un antiviral mieux toléré ?

Letermovir

AMM en TOS :

Efficacité
Forme orale
Tolérance : pas de médullo-toxicité
— Evite réduction MMF, arrét cotrimoxazole

Colt
Interactions médicamenteuses :
demi-dose avec ciclosporine, surveillance CNI et everolimus +++
Pas de protection croisée sur les autres virus (HSV)
Faible barriere génétique a la résistance <<< valganciclovir +++

Répartition mutations résistance LTV par profil patient (2018- N 1l ions détectées dans UL56
2022) dans le gene UL56

N S. Alain JNI 2024
18
b L ) Nomibre i
EZ Mutations iant Profil patient
b A102V 1 CSH
W R129H 1 CSH
& L1371 1 CSH
& G361E 3 CSH (2); Grefié pulmonaire (1)
2 T4401 1 CSH
0 A4BAG 1 CSH

V23IL  VZIEL V23EM L254F L2571 ||C325F  C32SR CAZSW Ca2SY|| REGOM R3EST ET39K (] CSH

Greffe CSH Greffe rénale greffe camdiaque Greffe pulmonaire Immunodéfidence
.
0,
Fréquence: 1,6%

50% des mutations détectées sont des mutations de résistance absolue au LTV (locus C325) .
. : : , (prophylaxie 0,7-1,2%,
« 67 nouvelles mutations associées avec une mutation sur le locus C325

=  R129H associée avec mutation R369M (haut niveau de résistance au LTV) Ccu ratif/ secondaire 2 , 9-4 ) 7%)




2. Prévention : un antiviral mieux toléré ?

Letermovir

AMM en TOS :

Efficacité
Forme orale
Tolérance : pas de médullo-toxicité
— Evite réduction MMF, arrét cotrimoxazole

Colt
Interactions médicamenteuses :

demi-dose avec ciclosporine, surveillance CNI et everolimus +++
Pas de protection croisée sur les autres virus (HSV)
Faible barriere génétique a la résistance <<< valganciclovir

Particularités liées a son mode d’action tardif s

- fréquence des blips (intérét détection ARN ?) DIESEL
- restauration des défenses anti CMV ?

Besoins de données supplémentaires +++




2. Prévention : mieux identifier les patients a risque

Tests immunitaires

Principe : tests de détection de la production d’Interféron y par les cellules activées
avec des peptides du CMV ou lysats de cellules infectées

i 35

e

g

Activation marker

Intérét : guider I'instauration d’une prophylaxie | ou Il ou d’un ttt préemptif
Sester J Lab Med 2008




2. Prévention : mieux identifier les patients a risque

Tests immunitaires

Des « promising tools » depuis 10 ans

Current and Future Strategies for the Prevention
and Treatment of Cytomegalovirus Infections
in Transplantation

Madeleine R. Heldman,"® Michael J. Boeckh,2**® and Ajit P. Limaye®®

CID Jyne 2024;

With serial CMV-CMI afler transplant

Guide duration of prophylaxis

CMV-CMI {-): Continue
prophyiaxis

Transplart, start
prophylaxis

== 0o

oo oo oo

1*] == R == ) == = Qi = i = ) = i = | =

A A A

CMV-GMI (+): Stop
prophylaxis

Completad Interventional Trials:

+ Hidney {(D#R+), Paez-Vega et al *2

+  Lung (R+, D+R-), Wastall et al

+  Kidney and Liver (O+R- or R+ with
ATG) Manual st al*

Plannnd/Ongoing Trials

+  Lung (NCTO3698E54 )

+  Kidney (NCTOS708508)

+  Mon-ung S0OT (D4R- ar R+ with
ATE] (MCTO2TBATES)

Least valuable in CMY O+R- 50T

Pre-transplant risk stratification
To guide post-ransplant prevention siralegy

Pra-Transplam
CMV-CMI test

\

O]

Transplant

Pra-Tx GMV-CMI {-): Give
— . 0o phy |awis e siingent survaillance

Pre-Tx CMV-CMI (+): No post-Tx

+
1 prophyiaxishess stingert survellance

g 3 CO CO 3 COCO C3 O

Intervertional Trials:

A

v Kidrey (D+R+), Jarque el al 7

Irrslovant for CMV soronagative

Time 30T candidates

Timg ———

Guide management at the end of treatment (EOT)

To determine need for secondary CMV prophylaxis or surveillance

CMV irfectian, EOT
start treatment .L_
Interventional
l ] Trials:
EOT CMV-CMI (-} : Secondary
proghylaxs! surveillance + SOT (Including
D+R-), Kumar et
E TR
(*) = = = = orCcMVY-CMI(+}No
socondary Frequent GMV
prophytaxisisunsediance recurrence
A despite CMV-CMI-
based secondary
Time > prophylaxis

Guide management of low-level CMV DNAemia
To determing need for treatment vs. walt for spontaneous clearance

Onset of GMV
DMAemia

|

)
rm_ CMV-CMI (-): Start CMV treatment

= = = = o CMV-CMI (+): Monior off CMV treatment

Starl CMV
survalllanes

l

& Interventional Triaks:
+  SOT, planned (MCTDA341543)
*  Thearelically applicable o HCT
Tima > rezipients undargaing CMY

survelllance.




2. Prévention : mieux identifier les patients a risque

Tests immunitaires - prophylaxie |

Un test immunitaire post greffe traduit-il une restauration des défenses anti CMV ?

Clinical Infectious Diseases

- Etude randomisée

CID 2024 - 6 centres suisses
Immune Monitoring-Guided Versus Fixed Duration 193 TOS rein et foi
of Antiviral Prophylaxis Against Cytomegalovirus ) rein etiole
in Solid-Organ Transplant Recipients: A Multicenter, - CMV D+/R- ou R+ et ATG
Randomized Clinical Trial

Oriol Manuel,"%® Mirjam Laager,® Cédric Hirzel,® Dionysios Neofytos,” Laura N. Walti,* Gideon Hoenger.® Isabelle Binet,” Aurelia Schnvder.”
Susanne Stampf,® Michael Koller,® Matteo Mombelli,"? Min Jeong Kim,*® Matthias Hoffmann,'®'" Katrin Koenig,*'? Christoph Hes

Anne-Valérie Burgener,*' Pietro E. Cippa,'™® Kerstin Hiibel,' Thomas F. Mueller,'® Daniel Sidler,"” Suzan Dahdal,"” Franziska St
Jean Villard,' Andrea Zbinden,?” Giuseppe Pantaleo,2! Nasser Semmo,2% Karine Hadaya,?*?* Natalia Enriquez,® Pascal R. Meylan,
Dela Golshayan,? Thomas Fehr,'*?® Uyen Huynh-Do,'” Manuel Pascual,? Christian van Delden,® Hans H. Hirsch,2"% Peter Jiini,”* and
the Swiss p Cohort Study (STCS)

1000

versus arrét si ELISPOT CMV + (fait
x1/mois)

ELISPOT + pas prédictif de I'absence o T

de réactivation CMV °
Mais durée de prophylaxie raccourcie H l l

Day 30 Dxy90  Day120  Day150  Day180  Day360 Day30  Day0  Day%0  Day 360
Post-transplantation follow-up visit

Prophylaxie valganciclovir standard J  # |k i

pp65 SFC
1
T o o
—_—r a
1
1
1
1
—
— e
B ———




2. Prévention : mieux identifier les patients a risque

Tests immunitaires - prophylaxie |

Vers une évaluation tres personnalisée du risque ?

Slaying the “Troll of Transplantation”—new frontiers in IE-1 risk pp65 risk | Predicted Risk Strategy

cytomegalovirus management. A report from the CMV zone zone overall category
International Symposium 2023 Transpl Infect Dis. 2023; risk
Camille N. Kotton*© | Julian Torre-Cisneros>®® | lbrahim Yakoub-Agha*® | Low Low 3.5% Low risk No _
The CMV International Symposium Faculty ptI'E\;':ental'IVE
strategy
Low risk Pre-emptive

High Risk PCR
pp6S NEG
P\\,
E-T IE-1 Pre-emptive
NEG POS PCR
pp65 POS
Prophylaxis
yw Risk
High risk Prophylaxis
(B)  High-risk Low-risk . :
" ool Wrenaid Oriol Bestard (unpublished)
£ 100 v '
£ 1 |
g 80| !
£ ' dicted risk: 34%
= Predicted risk:
2 & : Prophylaxis
o
5 50
£ e e | 7 o
2 2 Fdited it Dév Outil CMV-PrognosTIC score
£ 0 v :
0 100 200 300 400 500 600 700
Time post transplant (days)
Predicted risk: 29% - Patient L
Pre-emptive therapy A Patient 2




2. Prévention : mieux identifier les patients a risque

Tests immunitaires

Positionnement en cours

Cytomegalovirus Cell-Mediated

Oriol Manuel®*

Immunity: Ready for Routine Use?

Oriol Bestard?, Hannah Kaminski®*, Lionel Couzi®*, Mario Ferndndez-Ruiz*®" and

I Stop prophylaxis
Stop monitoring

Cell-mediated immune
assay (4-6 weeks)
Continue prophylaxis up
to 3 months

Cl\gi -seropositive with ATG

Transplant International

Transplantation Reviews 38 (2024) 100875

Contents lists available at ScienceDirect

Transplantation Reviews

I;LSEV’[JJI{ journal www.elsevier.

Review article

Management of cytomegalovirus in adult solid organ transplant patients:
GESITRA-IC-SEIMC, CIBERINFEC, and SET recommendations update

R+

v T

= + No monitoring
_é Cell-mediated immune

§ Preemptive assay (2 weeks)

-‘é == Start a preemptive approach
(=5

(=]

' >

b‘ alig

= 4]

o

Baseline (pretransplant) or early
(between 15-30 days)
posttransplant monitoring of
CMV-CMI:

-If negative (or indeterminate): if
D+, consider it as a high-risk (D+/R-
) transplant.

R+ with ATG treatment
or increased
immunosuppression’

Minimum 1 month of universal
prophylaxis. Test CMV-CMI from
then on:

-If positive: stop prophylaxis and
continue with preemptive therapy".
-If negative (or indeterminate):
continue prophylaxis and reassess
CMV-CMI monthly.




2. Prévention : mieux identifier les patients a risque

Tests immunitaires

Cytomegalovirus management in solid organ transplant recipients:
Li ites A survey from the Working Group of the European Society for Organ Transplantation
S Gnline s Promoted via y 2
i (b r:ml::::z + ESOT congress app ‘
v —| 30-40- + ESOT social media posting w g
th £
__-l From 19" Jul to 31Oct 2019 . {y.* European national transplantsocieties "‘.
. FUTURE PERSPECTIVE

-
™ 9
\‘ . Harmonize management approaches ®
N - * Optimizing immunosuppressive protocols’ ‘ a
shmvrte * Long term impact of CMV on graft
dysfunction and comorbidities

Heterogenous appr * Personalized anti-CMV strategies based on

5 A monitering of CMV-specific T cell response
224 to CMV Diagnosis Vaccination

s Standardisation Outil Responses  and Managementin SOT * New drug discovery

sor 41 Countries

centres : 53% Quantiféron, 43% ELISPOT & PO oy o,

Problématiques :
* Accessibilité
81% pas en routine

.

* Probablement multimodal +++
Oriol Bestard (unpublished)

CMV-CM|

Absolute lymphocyte
counts

. cMV

Time after

transplantation



Vaccins anti-CMV

Table 2.

Clinical Trials

o

Current and Future Strategies for the Prevention
and Treatment of Cytomegalovirus Infections

in Transplantation
N i i 3 B2 e L

Trials in Solid Organ Transplant

Investigational Vaccines and Monoclonal Antibodies for the Prevention of Cytomegalovirus Infection and Disease in Completed or Ongoing

Trials in Hematopoietic Cell Transplant

Name Platform Epitope(s) Population Status Population Status
Vaccines ASP0113 DNA pp65, gB  Adult kidney transplant Phase 2 completed® ... Adult recipients Phase 3
recipients completed'®
Triplex Replication deficient  pp65, IE-1, Adult liver transplant ~ Ongoing Adult recipients Phase 2
viral vector (MVA) IE-2 candidates (NCT06075745) completed"’
Adult donors Phase 2 ongoing
(NCT03560752)
Pediatric recipients Phase 2 ongoing
(NCT03354728)
HB-101 Replication deficient pp65, gB  Adult kidney transplant Phase 2 enrollment . None N/A
viral vector (LCMV) candidates complete
(NCT03629080)
aB Recombinant protein, gB Adult kidney and liver Phase 2 . None N/A
MF-59 adjuvanted transplant completed'?
candidates
Towne Attenuated, replication Whole Adult kidney transplant Completed'® . None N/A
competent CMV virus candidates
ALVAC-pp65 Replication competent pp65 None N/A Adult donors Phase 1
viral vector completed'*,
(canarypox) Phase 2 completed
(NCT00353977)
Pepvax Chimeric peptide® pp65 None N/A . Adult recipients Phase 2
completed'®
mRNA-1647 mRNA gB, PC None N/A . Adult recipients Phase 2 ongoing
(NCT05683457)
Monoclonal  MSL-109 Monoclonal antibody  gH None N/A . Adult HCT candidates Completed'®
antibodies  ¢s)148 Two monoclonal gB, PC None N/A . Adult HCT recipients  Phase 2
antibodies completed'’
RG7667 Two monoclonal PC Adult kidney transplant Phase 2 . None N/A
antibodies recipients completed'®
Fiztasovimab Monoclonal antibody  gB Adult kidney transplant Phase 2 enroliment . None N/A

recipients

completed'®



Evaluation immunitaire avant greffe

American Journal of Transplantation 25 (2025) 277-283

Béla - Immunosénescence cellulaire par

Contents lists available at ScienceDirect

American Journal of Transplantation

ELSEVIER

journal homepage: www.amjtransplant.org

Amarican Journal af
TRANSPLANTATION

épuisement immunité cellulaire avec
surexpression PD1

Personal Viewpoint

Belatacept-related cytomegalovirus infection: Advocacy ‘ L)

B)

for tailored immunosuppression based on individual L’
assessment of immune fitness
Julien Zuber "> @, Juliette Leon "?@, Julie Déchanet-Merville ®e,
Hannah Kaminski ** " & CTLA-4-Ig
D80
A) B) 9
mTORi
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—@®
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Stratégie personnalisée

Low level of dysfunctional
CMV-specific T cells

| Belatacept /MPA |

or
|_Belatacept /mTORi |

Switch to belatacept

Immune fitness
assessment

| Belatacept /MPA |

High risk of late CMV
l reactivation

lysosomes g CpB85|

®  tmror

-, o PD-1
KiRGr — | Belatacept /mTORi
TIGIT

Reduced risk of late CMV

High level of dysfunctional reactivation
CMV-specific T cells

Limited risk of late CMV
reactivation, irrespective of
the maintenance IS therapy

Lysosomes @
[
4 mroR

e

Stratégies :

- Pas de béla chez les patients agés

- Assoc béla + mTOR (plut6t petite dose)

- Doser bélatacept pour espacer les doses




Stratégie actualisée

Sauvetage
En développement
Deuxieme ligne
MARIBAVIR

| vaccin ? |
Y N4 FOSCARNET
erologic
A

Vaccin ?

Sérologie Premiére ligne
VALGANCICLOVIR ELISpot
~_GANCICLOCLOVIR QF CMV

D)

ELISpot

BEE ) ar v [

Prophylaxis Lign es
3-6 months VALGANCICLOVIR
» LETERMOVIR

T Time
Transplantation

ELISpot ELISpot
QF CMV QF CMV
& FHU

, Ve 7 TRANSVIR
a United against viral threats in transplantation

Viral replication




Questions ?




