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Current epidemiology of CMV disease in kidney
transplantation
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UNIVERSAL PROPHYLXISWITH LETERMOVIR IN
D+R- PATIENTS

Safety and Efficacy of Letermovir Versus
Valganciclovir for Prevention of
Cytomegalovirus Disease in CMV High-risk
D+/R- Kidney Transplant Recipients:

A Phase 3 Randomized Study

Limaye JAMA 2023



STUDY DESIGN

Kidney
Transplant
Randomized Final
1:1 End of Follow-up
l Therapy Visit
e P & ?_.
R b Letermovir arm (LET): treatment x200 d Adjudicated CMV
LET 480 mg PO/IV QD + ACV Disease
400 mg PO BID - = 3 (Primary Endpoint)
+ placebo to VGCV Valganciclovir arm (VGCV): treatment x200 d I
VGCV am: : ® o
placebo to ALCEYr+ placebo to Pre-specified safety endpoint tested for
significance
Stratified by use/non-use of » Leukopenia and/or neutropenia
lymphocyte-depleting o
induction immunotherapy « Statistical comparison (P value) was specified

ACV, VGCV, and GCV doses modified based on CrCl; LET dose adjusted fo 240 mg QD if receiving CsA,;
Participants unable to tolerate swallowing tablets after randomization received IV formulations with doses adjusted accordingly y a
ACV, acyclovir; AE, adverse event; ANC, absolute neutrophil count; CrCl, creatinine clearance; CsA, cyclosporin A; GCV, ganciclovir, WBC, white blood cell [
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FLOW CHART

Randomized (N=601, at 94 sites in 16 countries)

.
. v
Randomized to LETERMOVIR arm (N=301) Randomized to VALGANCICLOVIR arm (N=300)
+ Safety population (received >1 dose, n=292) « Safety population (received >1 dose, n=297)
* Efficacy population (FAS, n=289) « Efficacy population (FAS, n=297)
+ 2 participants had CMV DNA
* 1 had incorrect serostatus
Discontinued study medication (n=46, 15.3%) Discontinued study medication (n=73, 24.3%)
* Adverse event (n=13) + Adverse event (n=40)
* Lack of efficacy (n=0) . « Lack of efficacy (n=11)
* Death (n=2) « Death (n=0)
* Withdrawal by subject (n=18) « Withdrawal by subject (n=14)
* Other (n=13) * Other (n=8)
Completed study through Completed study through
Week 52 (n=256, 85%) Week 52 (n=266, 89%)
Safety population (APaT): All participants who took at least one dose of study drug;
Efficacy population (FAS): All participants who took at least one dose of study drug and were the correct serostatus and CMV DNA negative on Day 1. ) y - \\
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CMYV DISEASE INCIDENCE

LET Arm VGCV Arm
(N=289) (N=297)
CMV Disease (syndrome or 30 (10.4) 35 (11.8)

end-organ disease),2 n (%)

Difference LET - VGCV (95% CI)®

=1.4% (-6.5%, 3.8%)

Non-inferiorc

Approach to handling missing values: Observed failure (OF) approach. With OF, participants who discontinue prematurely from the study for any reason are not considered failures.

3CMV disease case]
®The 95% Cls for tf

°LET is concluded

10%. LET is concl

rmonic mean of sample

GCV) is no higher than
CV) is less than 0.

LET Arm VGCV Arm
sive per am for o4 IMVEStigator-Reported CMV Disease (N=289) (N=297)
CMV Disease Through Week 52 50 (17.3) 51 (17.2)
Difference LET - VGCV (95% Cl) 0.1 (-6.1, 6.3)
Limaye JAMA 2023



LEUCO/NEUTROPENIA DURING PROPHYLAXIS

0.5

0.4

0.3

Event-free probability

0.2

0.1

0.0

Event-free probability:
leukopenia or neutropenia events
through Week 28 (all treated patients)

LET
216 of 292 (74.0%)

VGCV

R
.

* Censored
Log-rank P <0.0001

I
14

0 28
Weeks post-transplant
Number of participants at risk
LET 292 231 191
VGCV 297 163 96

G-CSF, granulocyte colony-stimulating factor in FAS

Difference in % vs VGCV
Estimate (95% CI)2 | P-value?
With one or more -37.9 (-45.1, -30.3) | <0.0001
leukopenia or neutropenia
events (reported as AE or by
lab criteria)
Leukopenia
Reported as an AE =2511{-323, ~19.1)
WBC <3500 cells/pL =353 (-42 5 -271.7)
Neutropenia
Reported as an AE =138 (187, =9.3)
ANC <1000 cells/pL =154 (=207, =10.5)
2Based on Miettinen & Nurminen method.
LET Arm VGCV Arm
(N=289) (N=297)
= 5 .
21 use of any.G CSF d%mng 5(1.7) 21 (7.1)
treatment period, n (%); 06.4.0 4.4 10.6
95% CI T S

Letermovir presents a better tolerance

Limaye JAMA 2023




MEDICATIONS WITH LETERMOVIR

CICLOSPORINE+LETERMOVIR= LETERMOVIR 240mg (demie-dose)
CICLOSPORINE+LETERMOVIR= CONTRE-INDICATION STATINES
TACROLIMUS+LETERMOVIR= baisse de 30%-50% du tacrolimus

CICLOSPORINE+LETERMOVIR= CONTRE-INDICATION DABIGATRAN



RECOMMENDATION

*We recommend that either (val)ganciclovir or letermovir can be used for primary
prophylaxis in D+/R- kidney transplant recipients (strong, high)

*For D+/R- or R+ lung, heart, liver, kidney transplants where prophylaxis is used, if
there is intolerance to (val)ganciclovir, we suggest switching to PET or to
letermovir prophylaxis (weak, low).
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STUDY DESIGN

EVEROLIMUS (C,: 3-8 ng/mL) (N = 95)
Main inclusion criteria:

* CMV R+ recipients CsA C,: 100-200 CsA C,: 75-150 CsA C,: 50-100
* No DSA ng/mL ng/mL ng/mL G AN
Basiliximab
+ MYCOPHENOLIC ACID (2160 mg bid for 1 month, then 1440 mg bid) (N =91)
Ciclosporin and
Steroids CsA C,: 150-220 ng/mL CsA C,: 100150 ng/mL
T T T T T 1
DO Time post-Tx M2 M3 M4 M6 M12
Primary End of
endpoint study

Preemptive therapy for CMV (n=186)

Inclusion: Mai 2014 — Octobre 2017

Pl Lionel Couzi, Kaminski H et al Am Journal of Transplant 2022 N



PRIMARY ENDPOINT AT 6 MONTHS POST-

TRANSPLANTATION

90 £ EVR + Ciclosporin (N =89)
80 E MPA + Ciclosporin (N =87)
“n 70
o
= 60
a
“ 50
o
o 40
[<T]
3
5 30
o
8_ 20
9,2
10 8 =< - 5,7
—f = 1,1 23 —
0 == == == =
Composite CMV DNAemia CMV treatment Graft loss Death Discontinuation
primary endpoint of the study

Pl Lionel Couzi, Kaminski H et al Am Journal of Transplant 2022 J 7



ONGOING TREATMENT ANALYSIS
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QS 60
N = 46%
S © 40- 38.7%
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ongoing discontinuation
N=56 N=31 N=87
7.4% of patients with ONGOING EVR undergo CMV
DNAemia requiring treatment AR
L 12))

Pl Lionel Couzi, Kaminski H et al Am Journal of Transplant 2022 NI



RECOMMENDATIONS

® |n R+ kidney transplant patients given de novo mTOR-based immunosuppression, we
recommend either a pre-emptive strategy or close clinical monitoring (strong, high).
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Original Clinical Science—General

Conversion to mTOR Inhibitor to Reduce the
Incidence of Cytomegalovirus Recurrence

in Kidney Transplant Recipients Receiving
Preemptive Treatment: A Prospective,
Randomized Trial Laila Almeida Viana, Transplantation 2023

Sirolimus group
_ (Cy: 4-8 ng/mL)
Randomization TAC Cg: 3-5 ng/mL
PRED
r-ATG 3mg/kg induction First treated CMV
+ " cmv ¢ Pre-emptive strategy recurrence
TAC + PRED + MPS/AZA even (Primary
endpoint)
Control group
! . (MPS/AZA)
Pre-emptive strategy: TAC C:5-10 ng/mL
MPS: weekly monitoring PRED p N
AZA: treatment if symptoms [ 7NN
)| | .I
| | 1 | ¢
~ &

Transplant procedure D0 Time post randomization M12



MTORITO REDUCE CMV RECURRENCES IN R+

/2 randomized patients

35 patients in the sirolimus group +

|

[

AZA=9

MPS = 26

|

[

CMYV recurrence = 0

CMV recurrence = 0

v

2

27 completed the study receiving sirolimus
6 definitive discontinuations

~N

37 patients in the control group

|

I

AZA =12

MPS = 25

|

|

CMV recurrence = 4

CMYV recurrence = 12

v

v

[

29 completed the study receiving AZA/MPS
7 definitive discontinuations

\

Laila Almeida Viana, Transplantation 2023
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MTORITO REDUCE CMV RECURRENCES IN R+

low-immunological-risk
R+ transplant recipients
Preemptive therapy

0% in SRL versus 43%in
MPA/AZA; P<0.0001

%

Survival free from CMV recurrence,

100+

920+

80+

70

60+

504

404

30+

204

104

0—-

Sirolimus group -=== Control group

e

Days after transplantation [

I 1 T I 1 T I 1 I T
90 120 150 180 210 240 270 300 330 360 /L Y

Laila Almeida Viana, Transplantatioﬁ\ 023



SECONDARY PROPHYLAXIS ONLY DELAYS THE RISK OF

RECURRENCE
> 075 i
E
3
e
o
Z 0.50 0= 0.53
©
S
7 —— No SP
w 0251 s
0.00+
0 100 200 300
Days
Number at risk
No SP{ 50 39 36 36
sP{ 120 95 84 79
0 100 200 300
Days B

Gardiner, Clin Infect Dis. 2017 Nov 29;65(12):2000-2007
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RECOMMENDATION

« We suggest secondary prophylaxis to delay and/or prevent recurrent CMV infection
in high-risk situations such as increased immunosuppression, low absolute
lymphocyte count, low CMV-specific cell-mediated immunity, repeated recurrences,
inability to monitor patients for CMV replication (weak, low).

* The choice of agents for secondary prophylaxis and duration of secondary
prophylaxis can be individualized (expert opinion). Typical duration for secondary
prophylaxis is 1-3 months. Further discrimination can be based on evaluation of
immune status.

 After a first episode of CMV infection/disease, we suggest considering switching to
mTOR inhibitor from an antiproliferative agent in low immunological risk R+ kidney
transplant recipients to reduce the rate of recurrent CMV infection (weak,
moderate).
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MARIBAVIR
FOR REFRACTORY/RESISTANT CMV INFECTION

Définition:

- Refractory: No CMV DNAemia decrease (>1 1og10) after 2 weeks of curative treatment

- Resistant: refractory CMV infection with identified mutation inducing GCV or FCV
resistance

Clinical Infectious Diseases

MAJOR ARTICLE

WIDSA (Ve
nfectious Diseases Society of America hiv medicine association OXFORD

Maribavir for Refractory Cytomegalovirus Infections With
or Without Resistance Post-Transplant: Results From a
Phase 3 Randomized Clinical Trial

Robin K. Avery,' Sophie Alain,2 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® p

Early access in France (April 2023) N



STUDY DESIGN

Study treatment phase Follow-up phase —

Maribavir

for 8 weeks
(400 mg orally twice daily)

For 12 weeks
after treatment

Investigator-assigned therapy
for 8 weeks
(val/ganciclovir, foscarnet,

or cidofovir)

mN-=002Z>» 2

Maribavir rescue arm
for 8 weeks
(400 mg orally twice daily)

"
~

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)



MARIBAVIR FOR RESISTANT/REFRACTORY CMV

INFECTION

Maribavir

[ N )
1@ 1
p<.001 IAT

[ N )
- N

Adjusted difference (95% Cl): 32.8 (22.80-42.74)

Maribavir o

1@ f
p=.013

IAT o

LS !

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

n/N

131/235

28/117

n/N

44/235

12/117

Higher viral clearance at
8 weeks of treatment

Higher rate of symptom-
free and clearance at
week 8 and maintenance
at week 16

Few patients with symptoms
at inclusion, weak DNAemia
Statistical différence only in
the group with identified
mutation : 63 vs 20% (44 vs

32% for refractory patiE SN




MUTATION OCCURRENCE AFTERTHE USE OF MARIBAVIR?

All treated patients (n=350)

| All DRM (n=91, 26‘20’

IAT DRM (n=62, 18%)
Maribavir DRM  (n=65, 19%)

Maribavir (n=234) IAT only (n=94) IAT with maribavir rescue (n=22)
= o
:\‘:Zr?bmr ORM ELSS’ ;g;:; IAT DRM (n=11, 12%) IAT DRM (n=5, 23%)
ULS7 F342Y | C480F (n=24, 10%) Maribavir DRM  (n=0) Maribavir DRM  (n=5, 23%)
Responder with recurrence
after therapy (n=66) Responder with recurrence
IAT DRM (n=9, 14% ) — after therapy (n=11)
Maribavir DRM  (n=11, 17%) IAT DRM (n=3, 27%)
UL97 CA80F (n=1, 1.5%)
I Nonresponder (n=103) I
= 9 Nonresponder (n=66)
Maribavir DRM____ (n=49, 48% o IATDRM (n=8, 12%)
nh=45, (]
/]
Nonresponder with recurrenc . . 4
during therapy (n=29) 1 DRM, drug resistance mutation; B
TAT DRM n=18, 62% ; ; : N Y/
AP IAT, investigator-assigned therapy. N g
Maribavir DRM  (n=25, 86%) ’ Ch f I f D . 2 2
ou, J of Inf Dis, 2023




1.

Geatmentrefractory infection [1] and cumulative drug exposure >4 weeks D

We recommend maribavir as the
principal alternative therapy in
cases of resistance to either
ganciclovir or foscarnet (strong,
high), especially with clinically
well cases with low or moderate
viral loads (for example, < 4.7
log10 IU/mL (50,000 IU/mL) on
plasma) (weak, low).

We suggest foscarnet as initial
therapy in clinically unwell
cases with high viral loads (for
example, 2 4.7 log10 IU/mL
(50,000 IU/mL) on plasma), and
suspected or proven ganciclovir
resistance (weak, low).

Y

Optimize immunosuppressive therapy as feasible.
Review drug dosing and delivery. Order genotypic testing.

WV

High viral load or
end-organ disease
No Yes

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

FOS[4] or MBV [5]

A4 A4

Obtain genotypic data: UL97, UL54 + UL56 [7]

A4

!

A4

No mutation [8]

UL97 mutation only UL54 + UL97 mutation

l

¢

Yes

FOS-R
(V)GCV [6] NO Mutation
Alternatives:
MBV [] High viral load or
FOS [4] end-organ disease
\4
(V)GCV [6] FOS [4] MBV[5] |<
or MBV [5] or MBV [5]
/|
For limiting drug toxicity or intolerance, or d
if not improved viral load/disease after 3 weeks, or viral load rebound [
repeat genotypic testing and consider alternative drugs or combinations[9] ™
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Management of CMV infection in kidney

transplantation

T 9 )

- Slow immune response
P Delayed viral control
SAGEL0iR || Antiviral drug needed

(Val)Ganciclovir

- -




Measurement of CMV specific cellular actors

ELISPOT

ELISA

-

cytometrie \
/_\
1000 Flow cytomet

™
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HOW TO PERSONALIZE CMV TREATMENT BASED ON IMMUNE
MONITORING?

Testing for Cytomegalovirus Immune Response

+ No prophylaxis
? > ? ?
-  PROPHYLAXIS
v v
| | | CMV disease |
DO M3 M6 M12

|. In R+ patients: could preventive treatment be avoided?
2. In R+ patients with rATG, could we adjust the duration of prophylaxis?

In R+ and D+R- patients during CMV disease, could we predict CMV
relapse? ]y )

N < J)
N &



AIM N°1 :

IN R+ PATIENTS: COULD PREVENTIVE TREATMENT BE AVOIDED!?

Testing for Cytomegalovirus Immune Response

+ No prophylaxis

PROPHYLAXIS




IMMUNOGUIDED PREVENTION WITHDRAWAL IN R+ ANTIIL2R

PATIENTS

Low risk Intermediate risk

§ 100 s —— LR/preemptive n=23

o \ o T % : —— |R/preemptive n=22

i s % 80+ — - . |R/prophylaxis n=5

pp65 + pp65 + > 60 —— HR/preemptive n=15
() - +- HR/prophylaxis n=10
2 404

IE-1 + =
o)

pp65 - (>.3 20- Log-rank p=0,158

EEE—— . . 2 0 T T T 1
Intermediate risk High risk &) 0 100 200 300 400

Time after transplantation (days)
NPV 98.13 %

v oefe Yl
rancencn 099 d’Hebron

yes in R+antilL2RA if ELISPOT is + at day 15

L J 9))
Kervella D and Bestard O, BRIEF ORAL ESOT 2023 BOS/7 2/
9/18/2023 Complications and infections after kidney transplant



AIM N°2 :

IN R+ PATIENTSWITH ATG, COULD WE ADJUST THE DURATION OF
PROPHYLAXIS?

—> DECREASE USELESS PREVENTIVE TREATMENT

Testing for Cytomegalovirus Immune Response

?
>
PROPHYLAXIS
\ 4
| | | |

DO M3 M6 M12 4L



IMMUNOGUIDED DISCONTINUATION OF PROPHYLAXIX IN D+R- AND

R+ ATG PATIENTS

Standard arm

ansplant

VGC \
/

D+/R- SOT recipients

Immune menitoering arm

VGC*

Randomization <1 month post tr

Om Im 6m 9m 12m

Standard arm

%. VGC
g
H
R+ thymoblobulin- £ | \mmune Follow-u ELlSPOT
treated SOT recipients | €| onitoring 3 D+R-
':'. arm
R+ ATG
E *
.E §
1
&
I

O.Manuel, Clin Inf Dis, 2023 [/ R\

Om 3m 6m 9m 12m | ,/
/4

* Stop prophylaxis when assay positive



IMMUNOGUIDED DISCONTINUATION OF PROPHYLAXIX IN D+R- AND
R+ ATG PATIENTS

i

Fixed duration (R+)

c 05 . . -
= Gray test Fieed duration (D-.HR. )
g p= 058 (D+R-) Immune monitoring (D+/R-)
= p= 037 (R+) 4
= 0.44
=
Q
g 2
2 0.3
=
o w
@ ¥
. . -
%‘ Immune monitoring (R+) g 0
= £
O
k]
=
3
o
=
2
o

= =
= a
| |
L= M2

o 1 2 3 4 5 6 T & 9 10 1 12
Months after Prophylaxis Stop
Nr. at risk
Fixed duration (D+/R-)
wre maritering (D4R}

Imrmune manigring (R4) 44

1) Not useful for D+R-
2) For R+ ATG: there is still clinically CMV
infection occuring with immunomonitoring

shortened

prolonged

prophylaxis

prophylaxis

D+/R- R+

ELISPOT

D+R-
R+ ATG

O.Manuel, Clin Inf Dis, 2023 [/ AN




IMMUNOGUIDED DISCONTINUATION OF PROPHYLAXIX IN R+ ATG
PATIENTS

Immunoguided Fixed-duration p-value
prevention (n=76) Prophylaxis (n=74)

Primary outcome 0 (0.0) 2 (2.7) 0.243
Incidence of CMV

disease

Secondary outcome 13 (17.1) 10 (13.5) 0.542
Incidence of DNAemia

Neutropenia at month 12 7 (9.2) 28 (37.8) <0.001

Quantiferon
R+
ATG induction

I

Paez-Vega, Clinical Infectious Disease 2021 [\ 2'3'\,;':' ___;f_:'

N 74



IMMUNOGUIDED DISCONTINUATION OF PROPHYLAXIX IN R+ ATG
PATIENTS

Discontinuation of
prophylaxis was
followed by tight
preemptive strategy
and all CMV replication
were curatively treated

Cumulative Hazard

0,30

0,157

e
o

0,057

0,004

Log-rank test; P = 0.422

Immunoguided prevention

Fixed-duration prophylaxis

SI(.'I 160 1%0 26[] 2%0 3(|]0 35:0 460
Time from transplantation (days) Quantiferon

R+
ATG induction

Paez-Vega, Clinical Infectious Disease 2021 [\ 3'3'\,;';' )

N V4



Conventional CMV-specific T cell measurement

Recommendations

If available, we suggest considering to perform a CMV CMI test around day 15
post-transplantation among R+ kidney transplants who did not receive
lymphocyte-depleting antibodies (weak, moderate). A positive result can identify
patients at low risk for CMV infection in whom a prophylaxis strategy may not be
necessary.

If available, we recommend a CMV CMI test in R+ kidney transplant recipients
receiving lymphocyte-depleting antibodies and discontinuing antiviral prophylaxis
in case of a positive test (strong, moderate).

We suggest not routinely using CMV CMI tests in D+/R- for all organ types while
we await further evidence. CMI monitoring appears to be less predictive given the
large number of patients in whom CMV-specific immune response remains
undetectable or who have indeterminate responses (weak, low).
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Multivariate analysis of variables associated with

sustained clearance

covariables HR Cl195% p-value

Acute rejection before maribavir treatment 6.568 1.521-37.345 0.018
< .

CMY DNA levels I.0 000 IU/mL at the time of 3.535 1.356-9.671 0.011

maribavir introduction

Asymptomatic CMYV infection 3.484 1.303-9.920 0.015




MUTANT CMYV STRAINS ASSOCIATED WITH MARIBAVIR

RESISTANCE (%)

No CMYV clearance within |16 weeks _
post maribavir (n=37) 37.8%
CMYV recurrence requiring antiviral
therapy (n=14) 21.4%

CMYV clearance within 16 weeks post
maribavir without recurrence 0%
requiring antiviral therapy (n=37)

O 5 10 I5 20 25 30 35 40 45 50
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Multivariate analysis of variables associated with mutant

strain emergence

covariables HR Cl195% p-value

CMYV DNA levels >10 000 IU/mL at the time

. . . . 495 |.45-23.25 0.0187
of maribavir introduction




Conventional CMV-specific T cell measurement
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Conventional CMV-specific T cell measurement

Recommendations

If available, we suggest considering to perform a CMV CMI test around day 15
post-transplantation among R+ kidney transplants who did not receive
lymphocyte-depleting antibodies (weak, moderate). A positive result can identify
patients at low risk for CMV infection in whom a prophylaxis strategy may not be
necessary.

If available, we recommend a CMV CMI test in R+ kidney transplant recipients
receiving lymphocyte-depleting antibodies and discontinuing antiviral prophylaxis
in case of a positive test (strong, moderate).

We suggest not routinely using CMV CMI tests in D+/R- for all organ types while
we await further evidence. CMI monitoring appears to be less predictive given the
large number of patients in whom CMV-specific immune response remains
undetectable or who have indeterminate responses (weak, low).
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MTORITO REDUCE CMV RECURRENCES IN D+R-

2A DNAemia eradication 2B DNAemia recurrence 2C Clinical recurrence
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