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HSV
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Antivirals for prophylactic or curative treatments of HSV infections
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DNA
polymerase

Helicase-
primase

Nucleoside analogues

Nucleotide analogue
Pyrophosphate analogue
Phenyloxadiazole derivative

Thiazolylamide derivative

Acyclovir (ACV) IV, topical (oral) )

Valacyclovir (VACV) oral 17 line

Famciclovir (FCV) oral

Ganciclovir (GCV) Topical (keratitis)

Trifluridine (TFT) Topical (keratitis)

Cidofovir (CDV) IV Off-label : compassionate use
Foscarnet (FOS) IV 2" line

Amenamevir (AMNV) oral Compassionate use

Pritelivir (PTV) oral Compassionate use

Lee and Zuckerman, 2019; Lewalle et al., 2019 ; Sallée and Boutolleau, 2024 @ @ S
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Mechanism of action of antivirals

Inhibition of viral DNA replication

Chemaly et al., 2025 @ @ o
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HSV resistance to antivirals

Molecular mechanism: mutations in viral targets involved in the mechanism of action of antivirals

Resistance to ACV and PCV

Cytoplasm

Resistance to AMNV and PTV

e

Nucleus
S
4

Resistance to ACV,
CDV, and FOS

Chemaly et al., 2025 @ @ o



Resistant HSV infections :
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m  Frequency of HSV resistance to antivirals

= Immunocompromised patients: 3.5% to 11%
= PLWHIV: 4.0% to 8.0% (higher among patients with AIDS)
= SOT recipients: 2.0% to 3.0% (up to 10%)
m HSCT recipients: 16.0% (up to 30% to 40%)

» Immunocompetent patients: 0.1% to 0.7%
= Stable over time (unaffected by growing exposure to antivirals)

= Immunocompetent patients with recurrent herpetic keratitis: up to 8.0%
s Cornea: immunoprivileged site with reduced local immune responses
= Decreased concentration of antiviral drugs

= Virological diagnosis of HSV resistance to antivirals

= Genotypic resistance testing
= Sequencing HSV genes encoding enzymes implicated in mechanism of action of antivirals (UL23, UL30, UL5, UL52)

Boutolleau and Sallée, 2024, Piret and Boivin, 2014; Chemaly et al., 2025 @ @ S



Mutations conferring HSV resistance to antivirals

ERPESVIRUS

Thymidine kinase UL23 DNA polymerase UL30
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Burreletal, 2020 @ @ @



Refractory/resistant HSV infections
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Definition and risk factors (2025)

Refractory and Resistant Herpes Simplex Virus
Mucocutaneous Infections in Immunocompromised
Patients: Literature Review and Proposed Definitions
for Use in Clinical Trials

Roy F. Chemaly,"® Tali Shafat," Anna Wald,>® Camille N. Kotton,> Genovefa Papanicolaou,*>® Michelle K. Yong,*”® Veronica Miller,%®
Takashi E. Komatsu,"®*® Charu Mullick,'"™* Aimee C. Hodowanec,'"*® Gabriel Westman,"'>? Fareed Khawaija,"® Alexander Birkmann,"*®

and Per Ljungman'*'®®; HSV Resistance Working Group of the Transplant Associated Viral Infections Forum

Table2. Summary of the Definitions of Refractory Herpes Simplex Virus Mucocutaneous Infection and Antiviral Drug Resistance for Use in Clinical Trials

Term

Definition

Refractory HSV infection

Failure of HSV-positive mucocutaneous lesion(s) to improve clinically after at least 7 d of appropriately dosed, directed anti-HSV

therapy, in the absence of other causes of mucositis, such as recent high-dose chemotherapy, irradiation, oral GVHD, fungal or]
other viral infections, or the occurrence of a new HSV-positive mucocutaneous lesion(s) after receiving appropriately dosed,

directed anti-HSV therapy for at least 7 d (excluding prophylaxis and suppressive antiviral thera

Recurrent HSV infection

Breakthrough HSV
recurrence

MNew HSV mucocutaneous lesion(s) occurring at least 1 wk after the total resolution of the prior episode of HSV infection while not

receiving an antiviral drug effective against H5V.

The appearance of new HSV mucocutaneous lesion(s) while receiving prophylactic or suppressive antiviral drug effective against

HSV.

Antiviral-resistant HSV
infection

Refractory HSV infection with viral genetic alterationis) that decrease(s) susceptibility and/or phenotypic assay demonstrating

increased ECs; above the assay cutoffs 1o one or more antiviral drugs.

Abbrewviations: ECgp, half-maximal inhibitory concentration; GVHD, graft-versus-host disease; H5V, herpes simplex virus.

Chemaly et al, 2025 @ @ o



Management of refractory/resistant HSV infections
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Algorithm for the management of refractory HSV infection (2025)

Refractory HSV mucocutaneous infection Rttt Ll

culture, or an immunochistochemical
stain.

Failure to improve clinically after =7 days of appropriate

« Ensure appropriate dose and route. <
Choose IV ACV 10mg/kg three times a day for patients
with suspected malabsorption. The
preferred oral option is VACV 1gr three times a day.

treatment

Switch to IV FOS therapy (80-120 mg/kg/day IV in 2-3 * Monitor renal function and
divided doses) electrolytes and adjust the dose.

AND

Send resistance testing from active lesions

HSV drug resistance results

—

ACV-S FOS-S ACV-R FOS-S ACV-R FOS-R
OR

l No resistance testing available

Switch to IV ACV (30 mg/kg/day

Switch to IV CDV (5 mg/kg IV
continous or divided every 8h)

* Monitor renal function and
Continue IV FOS treatment

(0] 3¢ OR
High dose VACV (1gr three
times a day)

OR

Consider investigational therapy |ERUECISAELSELETERUIE]
treatment.

Consider investigational therapy

If an accessible lesion, consider
combination with topical
treatment (imiquimod, CDV, FOS)

If an accessible lesion, consider
combination with topical
treatment (imiquimod, CDV, FOS)

Consider investigational therapy

If an accessible lesion, consider
combination with topical
treatment (imiquimod, CDV, FOS)

once a week, with probenecid) electrolytes and adjust the dose.

OR . if FOS intolerance: continous IV
ACV 30mg/kg/day OR IV CDV §
mg/kg weekly OR investigational

Shafat et al, 2025 @ @ @



Helicase-primase inhibitors
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Amenamevir (AMNV)

=  Amenamevir

= Efficacy for herpes zoster treatment

Amenamevir, a novel helicase-primase inhibitor, for . .
’ _ ’ _ m Efficacy for orolabial herpes treatment

treatment of herpes zoster: A randomized, double-blind, y P
valaciclovir-controlled phase 3 study m Efficacy for genital herpes treatment
Makoto KAWASHIMA,' Osamu NEMOTO,”> Mariko HONDA,® Daisuke WATANABE,"
Juichiro NAKAYAMA,” Shinichi IMAFUKU,® (2) Toshiyuki KATO,’ - jap an
Tsuneo KATSURAMAKI,” {2 for the study investigators*

Single-Dose, Patient-Initiated Amenamevir Therapy for = AMNV approved for treatment of herpes zoster and

Recurrent Genital Herpes: A Phase 3, Randomized, recurrent labial or genital herpes (Amenalief®)
Double-Blind, Placebo-Controlled Study

Makoto Kawashima,' Shinichi Imafuku,2 Kosuke Fujio,® and Hiroshi Komazaki®

s France

it .
A phase 3, randomized, double-blind, placebo-controlled study = Authorization _Of compas:slonat.e use for
evaluating a single, patient-initiated dose of amenamevir for refraCtory/ resistant HSV infections (200 to 400 mg/ day)

recurrent herpes labialis .
= Good tolerance (thrombocytopenia)

Makoto Kawashima'@ | Daisuke Watanabe? | Kosuke Fujio® | Hiroshi Komazaki®

= No HSV resistance to AMNYV described to date in patients

Kawashima et al., 2017, 2022a and 2022b @ @ @



Helicase-primase inhibitors Heror e us
Pritelivir (PTV)

Helicase—Primase Inhibitor Pritelivir for HSV-2 Infection m Pritelivir
nna Wald, M.D., M.P.H., Lawrence Corey, M.D., Burkhard Timmler, M.D., Amalia Magaret, Ph.D., Terri Warren, M.N., 1 1
g Ste\F?lhen'TN:n'[r)]g.MMI.DS PLh.D.\Chritinzjghfstgn. M.D..TMP.H..J[\fh[r?.Ki\iesel‘ &15 Kénietrlf)] 'F\Tfe. m\f:\.jD.. Ph.l\[f:.\N' u Efﬁcacy for genltal herpes treatment
Lawrence Galitz, M.D., Susanne Stoelben, M.D., M.P.H., Meei-Li Huang, Ph.D., Stacy Selke, M.A., . .
Hans-Peter Stobernack, D.V.M., Helga Ruebsamen-Schaeff, Ph.D., and Alexander Birkmann, Ph.D. [ PTV > VACV for V|ra| Shedd|ng
Effect of Pritelivir Compared With Valacyclovir on Genital = France
;ISRV-ZdShe'dd::In(g:I!n'paItITentls With Frequent Recurrences = Authorization of compassionate use for refractory/resistant
dnaomize Inical Iria . .
HSV infections (400 mg/day on day 1, then 100 mg/day
ChristineJorton, MD.MPH: Kenmeth ife MD. PhD:Stay S, Wi e L e, P s ety Stemack PHD: during 28 to 42 days)
Holger Zimmermann, PhD; Lawrence Corey, MD; Alexander Birkmann, PhD; Helga Ruebsamen-Schaeff, PhD

m Good tolerance
= Thrombocytopenia

Phase 3 clinical trial PRIOH-1 (NCT03073967) : Efficacy and safety of Pritelivir tablets for treatment of acyclovir-
resistant mucocutaneous HSV infections in immunocompromised subjects (vs foscarnet) (completed)

!

Results of PRIOH-1 presented at CROI 2026




Helicase-primase inhibitors HeoeR s

Pritelivir (PTV): PRIOH-1 clinical trial
Phase 3 PRIOH-1 Study Design

Randomized, Open-label, Multicenter Trial

« Study Aim: To evaluate the efficacy and safety of pritelivir compared with Investigator's choice (ICT)
* Primary endpoint: % of patients with complete lesion healing up to 28 days of treatment
* Secondary endpoints: Include safety and tolerability

* Key inclusion criteria: Immunocompromised adults, ACV refractory * resistant mucocutaneous HSV infection

based on:

* Refractory/Clinical Failure; No clinical improvement of HSV lesion(s) after 27 days with therapeutic doses of a NUC
OR

* Resistance; Local laboratory confirmed genotypic/phenotypic ACV resistance testing for current lesion

Prolongation
& Treatment up to 28 days up to 42 days Follow-up of 28 days

Lesion healing was
investigator assessed
N=101 andwas defined as all

. . . el : lesions having
Foscarnet |V, cidofovir IV or topical, imiquimod topical completely epithelised

Experimental
Arm n=51

RANDOMIZATION

HSVACVR =R
Comparator

Arm n=50

Molina et al., CROI 2026 @ @ S



Helicase-primase inhibitors
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Pritelivir (PTV): PRIOH-1 clinical trial

Underlying disease: Overall population”
(N=101) n (%)

Solid organ transplant [} 44.0%)

Non-hematologic malignancy | 26(25.7%)

Autoimmune/inflammatory
disease

HIV infection [ 36 57.6%)
Stem cell transplant N o 9.6%)

I 20 26.7%

Hematological cancer/disorder [ i s .5%)

0 10 20 30 40 50
Percentage patients with underlying disease at baseline

B Hematological cancer/disorder W Stem cell transplant
1 HIV infection 0 Autoimmune/inflammatory disease

= Non-hematologic malignancy M Solid organ transplant

Investigator's Choice Treatment: Overall
Population (N=50) n (%)

35 (70%)

m Foscarnet IV = Imiquimod Topical = Cidofovir IV = Cidofovir Topical

Molina et al., CROI 2026 @ @ ()
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Helicase-primase inhibitors

Pritelivir (PTV): PRIOH-1 clinical trial

PRIOH-1: Pritelivir Demonstrated Superior Lesion Healing over
Investigator’s Choice Treatment, Including in the HIV subgroup”

HIV

Overall Population (post-hoc analysis)
100%

L
o
S
X

)

80% 80%

p=0.0047*

60% 60%

40% 40%

20% 20%

Percentage of subjects with lesion healing (%

Percentage of subjects with lesion healing (%

0% 0%

Up to Day 28

m Pritelivir = Investigator's Choice

Molina et al., CROI 2026 @ @ S
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Use of HPIs in patients
Orolabial herpes (HSV-1) in HSCTx (PTV)

Salvage Treatment of Refractory HSV Oral Lesions with Pritelivir

in Allogeneic Hematopoietic Cell Transplant Recipients Genital herpes (HSV-2) in PLWHIV (AMNV)
Davide Bosertii,: Ch‘lf':\ra B‘.ernardi,b Marie Maulini,® Federica Giannotti,” Anne-Claire Mamez,” Stavroula Masouridi-Levrat,”
Yves chalandon,” - Dronystos teobytos Amenamevir for acyclovir-resistant genital HSV-2 infection in

Orolabial herpes (HSV-1) in HSCTx (AMNV) people living with HIV

Destoop J, Boutolleau D, Jary A, Bleibtreu A, Cordel H,
Contents lists available at ScienceDirect Ouedraogo E’ Pourcher V' Monsel G

International Journal of Antimicrobial Agents

journal homepage: www.elsevier.com/locate/ijantimicag

Letter to the Editor

. . . . Sallée L, Souchet L H ' I IS ] A
Amenamevir for treating acyclovir-resistant or refractory ) ’ ’ H k
herp: impl i infection in all ic hemat ietic @ el’petIC eratItIS V' MNV
st‘;me:esli r;ﬁ:p‘l.‘:;:satlil:): mlg;::iﬁlas:ﬁ:e;:seere:o‘gne “ BOUtO”eaU D' NguVen S ( ) ( )

_ _ Efficacy and Safety of Amenamevir, a Helicase-Primase
Genital herpes (HSV-2) in HSCTx (PTV) Inhibitor for the Treatment of Acyclovir-Resistant Herpes
Simplex Virus 1 Keratitis

Pritelivir for recurrent

H H - H 1 Rafael Boucher, MD,*1 David Boutolleau, PharmD, PhD,}§ Sonia Burrel, PharmD, PhD, ;1
a,c I CI.OV I.r resi ?ta nt. h e rpe S sim p lex Oscar Haigh, PhD., T José Fernandez,} Christelle Vauloup-Fellous, MD, PhD,|| Emmanuel Barreau, MD,*
virus 2 | nfectl ons in Antoine Rousseau, MD, PhD,*7** i1 and Marc Labetoulle, MD, PhD*j**fy

immunocompromised patients

Alexandra Serris!, Anne Pouvaret?!, Clémence Loiseau?,
Hanene Abid3, Sonia Burrel*®, Jacques Fourgeaud3*®7,
Claire Rouzaud?, Fanny Lanternier?, David Boutoll 4,5
anad :ie::: Fr'::_. ' ny Lanternier’, Da d Boutolleau Bosetti et al., 2023; Serris et al.,, 2022; Sallée et al., 2024;

9 Boucher et al., 2024; Destoop et al., 2025 @ @ Q




CMV

Transplantation

The Fourth International Consensus Guidelines
on the Management of Cytomegalovirus in Solid

| | Organ Transplantation
. m Camille N. Kotton, MD,* Deepali Kumar, MD,2 Oriol Manuel, MD,® Sunwen Chou, MD,* Randall T. Hayden, MD,>
— Lara Danziger-Isakov, MD, MPH,8 Anders Asberg, PhD,” Helio Tedesco-Silva, MD,? and Atul Humar, MD2; on
= behalf of The Transplantation Society International CMV Consensus Group*
THE LANCET

AAAAAA

Infectious Diseases

.....

Recommendations from the 10th European Conference on
Infections in Leukaemia for the management of
cytomegalovirus in patients after allogeneic haematopoietic
cell transplantation and other T-cell-engaging therapies

Per Ljungman, Sophie Alain, Roy F Chemaly, Hermann Einsele, Federica Galaverna, Hans H Hirsch, Alicja Sadowska-Klasa, David Navarro,
Jan Styczynski, Rafael de la Camara

Kotton et al., 2025; Ljungman et al, 2025 @ @ Q




Antivirals for prophylactic or curative treatments of CMV infections

1R

HERPESVIRUS

Nucleoside analogues

DNA polymerase
Nucleotide analogue
Pyrophosphate analogue
Terminase Dihydroquinazoline

Phosphotransferase Benzymidazole

Ganciclovir (GCV)
Valganciclovir (VGCV)
Ganciclovir (GCV)
Cidofovir (CDV)
Foscarnet (FOS)
Letermovir (LMV)
Maribavir (MBV)

1%t line
oral
Topical (keratitis)
Y Off-label : compassionate use
\Y (279 line)
Oral / IV Prophylaxis (PREVYMIS®)
Oral 2" |ine

Sassine et al., 2024; Kotton et al., 2025; Ljungman et al., 2025 @ @ Q
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Mechanism of action of antivirals

Inhibition of viral DNA replication, viral DNA encapsidation, viral capsid nuclear egress

@Re'ea;' ©

Cytoplasm

Viral

assembly

' @ Capsid
release
AN Nucleus
AR
&
Cellular kinase ) / AOROVK
Viral DNA

Viral DNA 5
polymerase @ Replicatlon

Viral terminase
complex
\ 3 packaging

~ Viral protein kinase

Sassine etal., 2024 @ @ ()
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CMV resistance to antivirals

Molecular mechanism: mutations in viral targets involved in the mechanism of action of antivirals
@ Release
Binding
Receptor

: ( @ Ca:psid
’ & =

.
C Cellular kinase ) \wmm
Viral DNA

Viral DNA e
r polymerase @ Replication

3wt
~  UL54
(®) m Viral terminase
DNA complex
, cleavage & U
\ packaging

Resistance to GCV
and MBV

Cytoplasm

Q Viral

assembly
et \ Resistance to LMV

Resistance to GCV,
FOS, CDV

OO

Sassine etal., 2024 @ @ ()



Resistant CMV infections :
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= Frequency of CMV resistance to antivirals
= Solid organ transplant recipients:
m GCV:2% to 12%
= MBV: 26% (clinical trial) / 10% (real-world)
m Hematopoietic stem cell transplant recipients:
s GCV: 2% to 15%
s LMV: <2% (primary prophylaxis)

= Virological diagnosis of CMV resistance to antivirals
m Genotypic resistance testing

= Sequencing CMV genes encoding enzymes implicated in mechanism of action of antivirals (UL97, UL54, UL51, UL56,
UL89)

Kotton et al., 2025; Ljungman et al., 2025; Paviglianiti et al., 2026 @ @ Q
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Mutations conferring CMV resistance to antivirals
UL97 phosphotransferase UL54 DNA polymerase

Structure T Am.inol 1 Exonuclease T Amlinal 5 Palml Finger Palm2 Thumb
UL97 I Domain " (ga295) (296-554) (355.600) (696 765 825 981) (982-1226)
‘ — @S HiHH ' ! T 1 — o I o R B 1 1243
COdon 1 Nuclear Localization 337 453 481 520 553 707 : 1 1 l O O ou 1
Codon 296-304 379 421 498 546 696 742 771 805 905 962 978
345 462 483 527 557 ) 790 845 919 970 938
) ) Conserved region Exol Exoll Exolll 1} Vil I vl Vv
Kinase conserved domain: I Vib VIl VIl IX $585A M844T
P-Loop T552I\|I i—'5|95| A|719v M8|44V 59|5|m
T .. Selected under Vo46L
ATP binding Phosphotransfer Substrate binding drug in vitro 6303076 o |
A591V  L595S/F/W KSL3E/N/Q/R/T L80IM
Drug Resistance Mutations C592G/F E596G/Q/Y |L552116TP/R/W K805Q
K359E T409M A594V  K599T P488R  P522A/S/T V812L
GCve MBVr  GCr MBVr K359N H411Y  CASOF AS94E/G/P CB03W/R/S/Y g}:gjsg ggg‘é@i . \%ii
i L565V  T700A
aea0 HATIN MACOT K320 590.607 coon dee cnica e NSRS O B QR VA L pamiaen
E362D H411IN M460T H520Q 590-607 codon deletion(s) or specimens F412C/L/S/V TS03A/I L545F/S/W D588N  E756K  V/787A/LT838A A987G.
F342Y || || | ‘ ‘ ” ||“HH S290R  D413A/E/N/Y AS0SV T5525 C590F E756D/G/QV787E G841A  L957F A987V
Detected in clinical specimens D3OIN] | ) N 1w N
L405P V466G P521L 1610T FOSrGCVrCDVr CDVr
AB13V Susceptibility Phenotype GCVr CDVr FOSr FOSrGCVr GCVr
Codon  AA Motifs ZF 1Z Variable ATP binding Var NLS
11 L — —H—850
191 243 709 778 817
219 261 8546 716 800 826
Letermovir <€—229-369—>1
Resistance —
Mutations EC50 Ratios
H 1.8x - 4x
UL56 terminase $229F iy
V231A L241P
Selected V236A T244K  Y321C A3655 25x - 55x
in vitro v236L K258E L1328V N368D 100x - 500x
E237D F261C/L M329T R369M >3000x
__|C25F IMH | 1 ,
v231L lv3e3i
Detected N232Y L254F C325F/Y R369G/S/T
in clinical Q234R L257F/ C325R/W R369K
specimens V236L
V236M
E76 Kottonetal, 2025 @ @ @




Management of refractory/resistant CMV infections K
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Algorithm for the management of refractory CMV infection in SOTx

@ment—refractoryinrection [1] and cumulative drug exposure >4 weeks@

y

Optimize immunosuppressive therapy as feasible.
> Review drug dosing and delivery.

Order genotypic testing.

No

(V)GCV [6] or MBV [5]

A 4

High viral load [3] or
end-organ disease
Yes

FOS[4] or MBV [5]

W

Obtain genotypic data: UL97, UL54 £ UL5G[7]

N W \
No mutation [8] UL9T mutation only UL54 + ULS7 mutation
W h 4
\ GCV FOS-R
(V}GCV [6]_ No EC;; >5x Yes No Mutation
Alternatives:
MBV [5]
FOS [4] High viral load or
Yes end-organ disease No
(VIGCV 8] FOS [4]
or MBV [5] or MBV [5) MBVIRL 1<
) :

Yes

For limiting drug toxicity or intolerance, or

if not improved viral load/disease

after 3 weeks, or viral load rebound, repeat genotypic testing and consider
alternative drugs or combinations [9]

l'l'
[1] Treatment-refractory =1 logis decrease in plasma or blood viral load after 22 weeks of therapy, new or worsening CMV disease.l
;; :;? TESIStance I rare with arug exposure <o WeeKks.

[3] High viral load: 250,000 IU/mL (plasma).

[4] Avoid FOS if renal dysfunction or metabolic intolerance. FOS is suggested for high viral loads in clinically unwell patients.

[5] Avoid MBYV for CNS disease or retinitis. Treatment-emergent resistance to MBY may limit efficacy. Do not use if any MBV
resistance mutations are detected. MBV works better with lower viral loads, see text. M460I/V as sole UL97 mutation favors use of
MBV.

[6] GCV dose 5 mg/kg bid IV, optionally 10 mg/kg bid (high dose), or VGCV dose 900 mg bid, optionally 1800 mg bid (high adult
dose) (adjusted for renal function).

[7] ULS6 genotyping If previous exposure to letermovir.

[8] Includes sequence varnants conferring <2-fold ECs, change. Repeat genotyping with tissue-specific sample for end-organ
disease, if available.

[9] Consider combination therapy as tolerated. MBV-GCV combination is antagonistic, do not use. MBV may be suitable as step-
down treatment after initial response to FOS when viral load <5000 IU/mL Cidofovir performed poorly in a clinical trial, see text.
Letermovir has no clinical trial evidence for efficacy in treating refractory/resistant infection, see text. Emergent MBV and letermovir
resistance is often high grade and requires genotypic monitoring. Other unapproved therapies (weak evidence) include mTOR
inhibitors, augmentation of host immunity using adoptive T-cell fransfers and CMV immunoglobulins.

FOS, foscamet, MBV, maribavir; GCV, ganciclovir, VGCV, valganciclovir, (V)GCV, valganciclovir or ganciclovir; ECs;, drug
concentration required to reduce viral growth by 50% (stated as fold-change from baseline); R, resistance.

Start MBV treatment when CMV load
<50.000 Ul/mL (otherwise, high risk of
emergence of CMV resistance to MBV)

Kotton etal, 2025 @ @ @



Management of refractory/resistant CMV infections
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Algorithm for the management of refractory CMV infection in HSCTx

Suspicion of refractory or resistant CMV

Switch drug class
Ask for resistance genotyping
Reduce immunosuppression, if possible

Review drug dosing and delivery

Start MBV treatment when CMV load
<50.000 Ul/mL (otherwise, high risk of
emergence of CMV resistance to MBV)

Refractory CMV UL97 mutations UL54 mutations
without known
resistant
mutations

v ' r - + v v +
Optimisation of High resistance to Low resistance to Resistance to Resistance to GCV Resistance to GCV, Resistance to FOS Resistance to GOV,
VGOV or GCV Gov* GCVt MBV+ and FO5 CDV, or both FOS, and CDV
dosage

High dose GCVS

A 4 ¢ ¢ A J Y
Switch to MBVS as MBVS as first-line therapy if risk of toxicity, MBVS if risk of toxicity, except neurological or Stop FOS and start MBV§ and
next option except neurological or ophthalmic disease ophthalmic disease and in combination if GCV dose 5 ma/kg consider adding

and in combination if life-threatening disease life-threatening disease or high CMV viral every 12 h or MBV alternative

or high CMV viral loads

loads

agents|| such as
CMVT cells when

available
- - ¢ - - +
Investigative FOS or CDV as next option GOV, ** FOS, Seek special access or trial participation for Investigative Investigative
agents, including or CDV as next investigative agents, including CMV T cells agents, including agents including
CMVT cells option CMVT cells CMVT cells

Liungman et al, 2025 @ @ @



Maribavir: Solstice trial
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Patients with response (%)
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Maribavir for Refractory Cytomegalovirus Infections With
or Without Resistance Post-Transplant: Results From a
Phase 3 Randomized Clinical Trial

Robin K. Avery,‘ Sophie Alain,? Barbara D. Alexander,’ Emily A. Blumberg," Roy F. [:hemaly,5 Catherine Cordonnier.’ Rafael F Duarte,” Diana F. Florescu,®
Nassim Kamar,” Deepali Kumar," Johan Maertens," Francisco M. Marty,'>* G fa A. Papanicolaou,™" Fernanda P. Silveira,' Oliver Witzke,'"®
Jingyang Wu,"” Aimee K. Sundberg,’ and Martha Fournier™, for the SOLSTICE Trial Investigators®

Primary endpoint Secondary endpoints
CMV viremia clearance at week 8 Confirmed viremia clearance and symptom control
at week 8 and maintained through week 12, week
16 (key secondary endpoint), and week 20

- 60 H P o
M Maribavir Adjusted difference (95% Cl) P value
Adjusted difference (95% CI): AT 55.7% ! ¢ )
32.8 (22.80-42.74) Week 8 32.8 (22.80-42.74) <0.001
P<0.001
50 — Week 12 13.5 (5.84-21.17) <0.001
_ Week 16 95 (2.02-16.88) 0.013
2 (key secondary endpoint)
o 40—
2 Week 20 98 (2.58-17.06) 0.008
55.7% g
8
£ 30 M Maribavir
3 22 6% W IAT
8 204 18.3%
[4
o
104
0 —

CMV viremia clearance at Week 8 Week 8 Week 12 Week 16 Week 20

CMV viremia clearance and symptom control

Averyetal, 2022 @ @ S



Maribavir (LIVTENCITY®) x
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= Indications

= Treatment of refractory CMV infection or CMV disease (with or without resistance mutations) to previous antivirals
(ganciclovir, valganciclovir, cidofovir or foscarnet) in adult solid organ transplant recipients and adult
hematopoietic stem cell transplant recipients

m Dose
= 800 mg/day during 8 weeks (oral administration)

s Adverse effect
m Taste disturbance

= Warning
= No association GCV + MBV
= CMV load in blood < 50.000 Ul/mL (risk of emergence of resistance)
= Poor penetration in the CSF and brain: not recommended for CNS and ocular infections



HSV and CMV treatment: futures directions k
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= Use of combination of antiviral therapy
= CMV: GCV + FOS; MBV + FOS; LMV + GCV (LUCY clinical trial); no association of GCV+ MBV (antagonism)
s HSV: ACV + FOS; in vitro synergistic activity: ACV + AMNV; ACV + PTV

=  mMTOR inhibitors (everolimus)
= CMV prevention
= Refractory CMV infection

= Adoptive T-cell therapy

= Multiple case reports and phase I/1l trials have demonstrated use of CMV-specific T cells for resistant/refractory
CMV infection in transplant recipients

s Vaccine
s To date: no CMV and no HSV vaccine



Conclusion K
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= HSV and CMV infections are common, potentially serious, and sometimes life-threatening in immunocompromised

patients (SOT or HSCT recipients)

= Definition of HSV refractory infection: failure to improve lesions or to prevent new lesions after 7 days of an appropriate

route and dosage of antiviral therapy

= Definition of CMV refractory infection: <1 log10 decrease in plasma or blood CMV load after 2 weeks of well-conducted

antiviral therapy, new or worsening CMV disease
= Frequency of HSV/CMV resistance to antivirals varies from 2% to 15%
= Genotypic diagnosis of HSV/CMYV resistance to antivirals
= Therapeutic management of antiviral-resistant HSVCMYV infections may be very complicated/challenging
= Novel antivirals: AMNV and PTV for HSV; LMV and MBV for CMV

= What about anti-HSV and anti-CMV vaccination?
o0 o
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