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CMYV infections in Solid-organ Transplant recipients (SOTR)

10-20% of SOTR

Kotton, Transplantation. 2018 Jun;102(6):900-931



Difficult-to-treat CMV infections
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Persistent CMV infections
(20%)

Asberg AJT 2007



Difficult-to-treat CMV infections

v

Recurrent CMV infections
(15%)

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



Difficult-to-treat CMV infections

i 2

Antiviral drug resistant
CMV infections
(5%)

Lurain et al, ] Infect Dis. 2002 Sep 15;186(6):760-8 Boivin et al, Antivir Ther. 2009;14(5):697-704



Unmet needs in the field of CMV infection

- Better prevention strategies

- Better safety of treatments

- Better second-line therapies for persistent or recurrent CMV infection



Anti-CMV cellular immune response
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vo T cells involvement in the anti-CMV immune response

Increased non-Vy9Vé2 T cell numbers In vitroreactivity

Killing Non-Vyovo2 T
cell line or clone

r\

Transplant recipients IFNy
Newborns CMV-infected TNFa
Healthy adults cells

YOTCR repertoire restriction CMV infection Phenotypic and transcriptomic signatures

= y6TCR
e® o 016 CD45RA+
. +
; ‘@ cD27-
e *e NKG2D+ -
CMV-induced NKG20E ) : R0
clones . @, A NKp8O+/ .~ KLRC2 \ CcD57-
W cosse [/ NRF1 CDEAL:
: " 7~ Upregulated on o1 5é+ /  FCGR3A l,,,G B
@ o ® ® o ' non-\Vyove?2 cells [ czve p 'franzymes cioe
. ® ; ) ’ compared to VyoVs2 cells CD8aa+ |\, GZMH .« ( Perforin G
4 =2 e} o — CD69+
» -3+
. . . ----1 Upregulated on TEMRA PD-1+ Y > HLA-DR+
- - !___ ! versus naive non-Vy9V62 TIM:3+ - Perforin+
cells (CMV+ individual) Granzyme B+

Adapted from Kaminski, Immunological Reviews 2020



Kinetic of CMV-specific y0 T cells after a resolutive infection
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Anti-CMV immune response and prediction of CMV

Transplantation M3-Mé6



CMV immune response: How to use it in the management of
SOTR ?




Risk of CMV in SOTR according to CMV immune response
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Risk of CMV in SOTR according to CMV immune response

N
e
A \J
\
L N
[_s
N\
«\

o <

| ——

CMV Immunity

~

Reactivation (D-R+) or
Superinfection (D+R+)

Yes

10% of CMV disease



Anti-CMV immune response and prediction of CMV

Transplantation M3-Mé6
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Cellular Immunity to Predict the Risk of CMV Infection in

R+ Kidney Transplantation
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Cellular Immunity to Predict the Risk of CMV Infection in

R+ Kidney Transplantation

15 days post-transplant
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Anti-CMV immune response and prediction of CMV

- - w

Valganciclovir prophylaxis

®

v

Transplantation M3-Mé6



Anti-CMV immune response and prediction of CMV

Valganciclovir prophylaxis
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Immunoguided Discontinuation of Prophylaxis

336 CMV-seropositive kidney transplant
candidates assessed for eligibility

186 Excluded
140 Did not meet inclusion criteria

68 Negative CMV-CMI pre-

transplant
72 No induction with ATG

46 Non-transplanted

R+ ATG

150 Randomized

// \\
~ ™~

Intent-to-treatment
76 Assigned to receive
immunoguided prevention

Intent-to-treatment
74 Assigned to receive fixed-
duration prophylaxis

Q uan tife ron C M v Lost to follow-up: Lost to follow-up:

1 Patient decision 3 Paticent decision
-« o
3 Death 1 Death
2 Protocol deviation 3 Investigator’s
I Investigator’s decision
decision
v v

69 Completed long-term follow-up

67 Completed long-term follow-up

Paez-Vega,A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574.



Immunoguided Discontinuation of Prophylaxis

Positive quantiferon assay Discontinuation of prophylaxis (%)
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Paez-Vega,A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574.



Immunoguided Discontinuation of Prophylaxis

0,301 Log-rank test; P = 0.422
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Immunoguided Discontinuation of Prophylaxis

Adverse events Immnunoguided Prevention (n = 76) Fixed-Duration Prophylaxis (n = 74) PValue®
Overview of safety
Patients with any adverse event 44 (579) 51 (68.9) 161
Patients with serious adverse events 14 (18.4) 18 (24.3) 378
All-cause mortality at 12 months 1(1.3) 3(4.1) 363
Common adverse events®
Neutropenia® 71(9.2) 28 (37.8) <.001
Increased blood creatinine® 23 (30.3) 19 (25.7) 532
Urinary tract infection® 12 (15.8) 11 (14.9) 875
Biopsy-proven acute rejection 12 (15.8) 8 (10.8) 370
Diarrhea 8 (10.5) 4 (5.4) .248

Paez-Vega,A. et al. CLIN INFECT DIS (2021) doi:10.1093/cid/ciab574.



Anti-CMV immune response and prediction of CMV
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Two functional situations of TEMRA cells in immunocompromised
CMV-seropositive hosts
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Two functional situations of TEMRA cells in immunocompromised
CMV-seropositive hosts

Functional T cells Dysfunctional T cells
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EVERCMYV Study

MYCOPHENOLIC ACID (2160 mg bid for 1 month, then 1440 mg bid) (N =91)
Main inclusion criteria:

*  CMV R+ recipients

. No DSA > CsA C,: 150-220 ng/mL CsA Cq: 100150 ng/mL
Basiliximab EVEROLIMUS (Cy: 3-8 ng/mL) (N = 95)
. >
Ciclosporin and Steroids CsA C,: 100-200 ng/mL  CsA C,: 75-150 ng/mL  CsA C,: 50-100 ng/mL  CsA Cy: 25-50 ng/mL
| | | | | |
DO Time post-Tx M2 M3 M4 M6 M12
Primary End of
endpoint study

Preemptive therapy for CMV (n=186)

Kaminski, Am | Transplant. 2022 Jan 6. doi: 10.1 1 I |/ajt.16946



EVERCMYV: Ancillary study

> Transplantation Follow-up



EVERCMYV: Ancillary study
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Phenotype of dysfunctional T cells

Dysfunctional T cells Molecules related to T cell dysfunction or
displaying an immune checkpoint function :

> PD-I
> CD85j (ILT-2 or LILRBI)
> LAG-3

» TIM3

» KLRGI



Molecules related to T cell dysfunction before Transplant
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Kaminski, H. et al. /| Am Soc Nephrol 33, 121-137 (2021)



EVERCMYV: Ancillary study
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Everolimus decreases the proportion of CD85j+ and PD1+ T cells in
vivo
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Kaminski, H. et al. JAm Soc Nephrol 33, 121-137 (2021)



EVERCMYV: Ancillary study
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Gamma-interferon production by CMV-specific T cells
increases rapidly after the initiation of Everolimus
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Kaminski,Am | Transplant. 2022 Jan 6. doi: 10.1111/ajt.16946



CMV DNAemia requiring antiviral drug
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Two functional situations of TEMRA cells in immunocompromised
CMV-seropositive hosts
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Anti-CMV immune response and prediction of CMV
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Current issue in the management of CMV infection in SOTR:
How to induce a long-lasting CMV-specific T cell response ?
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Targeting CMYV infection with CD8+ T cell therapies

Adoptive transfer of CMV-
specificT cells

e

M3-Mé6

Transplantation

CMV infection
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Adoptive CD8 and CD4 T cell therapy: First experience
in HSCT recipients

Activation
and
expansion

CMYV-specific
8 CD4+ and CD8+
T cells
Blood from
recipient Recipient

Nicholson, 2015.. Future Medicine 7, 135—-146 (2015).



Adoptive CD8 and CD4 T cell therapy in SOT

» Persistent CMYV infection or disease or

CMV reactivation

» 21 SOT recipients (I3 renal, 8 lung,and |
heart transplant recipient) were included

Il D+R-

e

* PBMCGCs were stimulated with a peptide pool which includes
peptide from pp65, pp50, IE-1, gH, and gB
* IL21 and IL2

Activation
and
expansion

N\

Blood from
recipient

Smith, Clin Infect Dis 2019 Feb 1;68(4):632-640

Toap

CMV-specific
CD4+ and CD8+
T cells

* |4 days of culture

Recipient

—_—

| 3 SOT were allocated to
intervention

maximum of 6 doses of adoptive
T-cell therapy

42 to 240 x 10° amplified cells



Adoptive CD8 and CD4 T cell therapy in SOT

6 doses of adoptive T-cell therapy
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Limits of adoptive CD8 and CD4 T cell therapy in SOTR

Activation
and
expansion

CMV-specific
CD4+ and CD8+
T cells

Blood from et \o
8 e Recipient

Limits associated to af T cell adoptive transfer strategies:
» Ex vivo expansion from a patient/donor with pre-existing CMV immunity
» lIssues of HLA mismatches and HLA sensitization

Shabir et al., ] Am Soc Nephrol 2013; Gatault et al., Am J Transplant 2018



Aim: develop a yo T cell based therapy to treat CMV infection
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10 T cells features of interest for adoptive transfer strategies
Rational for yo T cell-based therapies
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Adoptive 0 T cell therapy: a preclinical study

D-R+ HSCTR
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Immune cell response: implications for tomorow

- Better management of antiviral drugs

» Cell therapy
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