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Xeno-Tx X

MIC-Zelltherapie/CAR-Treg X X X X
Idefirix/CD38-Antikorper X X X
NK-Zell-immunitat X X

SolKid LSP-Register/RilLi Spenderschutz  x X
Natriumbicarbonat nach Tx X X

iBox X X
Letermovir/Maribavir bei CMV X X

TV X X
SGLT-2 Inhibitoren nach Tx X

Check-point Inhibitoren nach Tx X

Best Fluid Trial/Maschinenperfusion X

HLA Epitope Matching X



Agenda

* Neue pathophysiologische Konzepte
* Neue klinische Endpunkte

* Neuesimmunologisches Monitoring
* Neue immunsuppressive Therapien

 \erschiedenes
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Missing Self Induced Microvascular '
Rejection of Kidney Allografts:

a POPUIation-based StUdy JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS RESULTS

924 kidney transplantations

3476 post-transplant biopsies Missing self (MS) associates Missing self (MS) is present in 1/5
independently with increased risk cases of HLA-DSA negative MVI
Impact of missing self (MS) for microvascular inflammation
on microvascular inflammation (MVI1)? 100
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Years after transplantation

‘ Transplants with missing self have increased risk of transplant glomerulopathy

Donor endothelium nor endothelium P . . . S
unaltered Da "Stfes";;‘de - Missing self did not associate with cellular rejection phenotypes.

doi: 10.1681/ASN.2020111558

Conclusion:
Callemeyn J Am Soc Nephrol 2021

Missing self is a cumulative, independent and specific risk factor for the occurrence of
microvascular inflammation after kidney transplantation.




AbstofBung 2023

e Mehr als TCMR und ABMR

e Mikrovaskularer Schaden
(ptc+g)
— CDCC (AK+, C4d+)

— ADCC (AK+, C4d-)
— Missing self (AK-, C4d-)

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Callemeyn Kidney Int 2022




Antibody-depend lement-dependen
a Missing sol b ullmcyloxldlym c comgylmoxl'dty :

HWHI'NKMA.‘: : - Recipient effector cell C3 convertase .
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Studiendesign

* Prospektive Observationsstudie in Leuven (2004-2013)
* N =924 konsekutive Nierentransplantatempfanger

* Hochauflésende Spender- und Empfanger-HLA-Typisierung,
Empfanger KIR-Genotypisierung

* “Missing self” definiert als Abwesenheit von A3/A11, Bw4, C1
oder C2 Spendergenotyp bei Anwesenheit des entsprechenden
“educated/licensed” inhibitorischen Empfanger KIR-Gen

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Callemeyn J Am Soc Nephrol 2021 HSD)



257 W MVI (n=222) N No MVI (n=668)
& 201
o 100 -
c
e
IS
3 < 80 A S —
Q_ s \ '——_‘
2 g ———
o s
= 3 60
N £
A3/A11 Bw4  C1/2DL2 C1/2DL3 c2 g,
s 40
g 0 missing self
L —— 1 missing self
Z 20- =
— 2 missing self
O oMs —— 3 missing self Log-rank P < 0.001
0 I I 1 1 1
Wims: 0 1 2 3 4 5
o 2 MS No MVI .
| (n=668) Years after transplantation
W 3Ms i
501 349 261 155 135 104
*% — 281 211 168 109 94 72
— 99 61 49 28 24 19
— 9 5 3 0 0 0

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Callemeyn J Am Soc Nephrol 2021 5



MVI+free allograft survival (%)

B DSA
@ No DSA
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Agenda

* Neue pathophysiologische Konzepte
* Neue klinische Endpunkte

* Neues immunologisches Monitoring
* Neue immunsuppressive Therapien

* \Verschiedenes
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Integrated immunologic monitoring in solid organ transplantation-
the road towards Torque Teno virus guided immunosuppression

[I§ Narrative @ TTV-based immunologic Solid organ
review on ~NFo  monitoringin

transplant recipients

®

O Infection C.
Wil Optimum [N,

load Rejection suppression

O e »

Torque Teno Virus (TTV)

based risk
assessment

* non-pathogenic
* "~ 99% prevalence in SOT

* plasma load associates
with host’s immune status

Conclusion: TTV might be useful for guiding immunosuppressionin SOT

Jaksch et al. Transplantation. 2022.

@Transplantirnl Transplantatiorr ‘

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved; Icons Eucalp/cindy Clegane/Mohamed Mb/DinosoftLab (Noun Project) . x ._:



TTV COPIES/ML PLASMA

>7.6logl0

>6.6log10

<4.6log10

<3.6log10
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Studiendesign

* Prospektive Observationsstudie in Wien (2016-2018)

N =386 konsekutive Nierentransplantatempfanger: Biopsie-
Kohorte N = 37, Infektions-Kohorte N = 274

e TTV Monitoring fir 12 Monate nach Transplantation

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Doberer Am J Transplant 2020
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TTV copies/mL

TABLE 3 Diagnostic accuracy to detect rejection by TTV level

TTV®  NPV® PPV Sensitivity®  Specificity®
1x10%1
10" 0.74-0.76 0.76-1.00 0.09-0.18 1.00-1.00
1x10%°~ "
s § 10° 0.77-0.82 0.57-0.85 0.18-0.36 0.93-0.96
8
1x108 - 10° 0.77-0.85 0.47-0.56 0.36-0.64 0.75-0.89
1x107 = 107 0.84-0.87 0.40-0.50 0.64-0.73 0.61-0.71
1x106 108 0.80-0.89 0.30-0.41 0.73-0.91 0.18-0.57
1x10° H H 107 0.67-1.00 0.28-0.30 0.91-1.00 0.07-0.14
1x10% . ] . g
X TABLE 5 Diagnostic accuracy to detect infection by TTV level
1000
100 - L L 5 ° TTV? NPVP PPV® Sensitivityb Specificityb
10 A 16+ 0.83-1.00 0.25-0.25 0.93-0.97 0.05-0.10
[} o [ o o
0 LA I S T ® ¥ 10 0.79-0.83 0.25-0.26 0.85-0.92 0.10-0.22
0 1 2 3 6 9 12
10° 0.82-0.84 0.26-0.29 0.74-0.85 0.22-0.42
Posttransplant month
10’ 0.82-0.84 0.29-0.33 0.63-0.73 0.43-0.59
I 108 0.80-0.83 0.33-0.36 0.41-0.62 0.59-0.76
TTV Leve 10° 0.75-0.80 0.36-0.43 0.10-0.41 0.77-0.96
Ideal 106 bis 10°? 10%° 0.75-0.76  0.43-0.67  0.01-0.10 0.96-0.99
Aktuell Uberpriifung in TTV Guide Projekt UK
Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Doberer Am J Transplant 2020 HD
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Agenda

* Neue pathophysiologische Konzepte
* Neue klinische Endpunkte

* Neuesimmunologisches Monitoring
* Neue immunsuppressive Therapien
* \Verschiedenes
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Studiendesign

* Vier einarmige Phase-Il Studien (-02, -03, -04, -06) an 6 Zentren

* N =39:82% Verstorbenennierentransplantation, hohes
immunologisches Risiko (XM positiv), behandelt mit Imlifidase

e Keine Desensibilisierung
* Einmalgabe Imlifidase vor Transplantation

* Induktionstherapie mit Pferde-ATG oder Alemtuzumab, spater
IVIg und Rituximab

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Kjellman Am J Transplant 2021 I;|9D)



Pre-transplant At transplant

and induction

Post-transplant

1
1
1
1
[ No prior desensitization ] ; [ DSA monitoring and ]
1 " : 1
* Excluded patients who had ! [ XM ] [ Induction ] | Safety follow-up
IVIg treatment within 28 ! Horse ATG (ATGAM) | Rituximab
days of imlifidase iCrossmatch (within 7 days) .
i andDSA | XM testat or Alemtuzumab 'High Dose

Study end

| screening | 2,6&24h 1 IVig

France: LD only
Sweden: LD or DD
US: LD or DD

FIGURE 1. Study design. DD, deceased donor; DSA, donor-specific antibody; IVIg, intravenous immune globulin; LD, living donor.

1
1
1
1
E Maintenance Protocol
[ Imlifidase ] [Transplant] i Immunosuppression Biopsy
E
1
1
1

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Jordan Transplantation 2020 HD



Ergebnisse nach 3 Jahren
e Patiententberleben 90% L

e Fur Tod zensiertes
Uberleben 84%

— AMR-neg. 77%
— AMR-pos. 93%

AMR incidence
o
3

0 0.5 1 1.5 2 2.5 3

° DG F 44% Number at risk b
e eGFR 55 mL/min/1,73m?2 5 o5 1 15 2 25 3

HD
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<3 Jahre
>3 Jahre
>5 Jahre
>8 Jahre
>10 Jahre
>20 Jahre

NHSBT

6 2560 5000 7500 10000 12500

Waiting time in days

Warum ist das relevant?

Besonderes Verfahren im AM-Programm fir “hochstsensibilisierte” Patienten:

Wartezeit (Jahre) m

10

N U0 W

Entfernung von unakzeptablen HLA-Antigenen, Transplantation unter Imlifidase

UK

Universitatsklinikum Heidelberg | 10.03.2023 | Christian Morath Mumford Transpl Immunol 2021
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Induction of Long-lasting Regulatory B Lymphocytes by J Q S N
Modified Immune Cells in Kidney Transplant Recipients

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS OUTCOME AT 3 YEARS

Donor-specific unresponsive-ness Strongly increased regulatory B Gene expression signature of
Screening ] Collection and treatment of |l Administration Kidney in patient R7 of group C lymphocyte frequencies operational tolerance
donor cells of donor cells transplantation

Third party (®) and donor- Drug-adjusted COMBINED-g7
specific (M) stimulation Transitional B lymphocytes g p i i
MIC patient R7 MIC patients of group C vs. controls MIC patients
PBMC 50 12.59 1.0
* Day 360 A1t A7
- P<0.0001 e Day 720 R4
g0 @ 10.01 e § 0.8 Day 1080 S
= Q I
g S% - 8
Donor Recipient 230 - 3 475 206
] . 8o 5
2 . o5 E
Day -X Day 0 320\ || . & %5.01 - =04 =
= i LD) o % o E] Tolerant Ri1
[=}
o\°1o | | 2 28] 13e o ‘ % i Non-tolerant .
| i = a
I | ‘ I ey o 2 ® & T s +
o0& I I | | a ‘ oolote N —_.":1;_;_'_ e °, o Na = na. Fal|
Group A, B: 1.5 x106 to 1.5 x108 MIC/kg bw on day -2 FEhrEdssenEyNazeTEE N B GroupA(N=3) GroupB(N=8) GroupC(N=4)
Days after transplantation z z z z =z % % (Z;
> ¢ = = g § & ¢
Group C: 1.5 x108 MIC/kg bw on day -7 (on lower IS) s 2 2 9 6 g 5 =
@ K] 17 ‘T o
T a =1 i e

Conclusion
. , SO : Morath J Am Soc Nephrol 2023

Donor-specific immunosuppression after MIC infusion is long-lasting and associated with a striking increase in regulatory B

lymphocytes. MIC appear to be an immunoregulatory cell population which, when administered to recipients prior to N
transplantation, carry the promise of exerting a beneficial effect on kidney transplants. doi: 10.1681/ASN.
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Universitatsklinikum Heidelberg | 10.03.2023 | Christian Morath Terness Proc Natl Acad Sci USA 2008, Kleist Clin Sci (Lond) 2015, I;|4D

modifiziert nach Morath Pediatr Nephrol 2018



Studiendesign

* Monozentrische, einarmige Phase-| Studie in Heidelberg

* N =10: Lebendnierentransplantation, niedriges immunologisches
Risiko, MIC-Zelltherapie an Tag (-2 und) -7

* Immunsuppression mit CyA, EC-MPS, Urbason (N = 10), niedrig
dosiertes CyA und EC-MPS ohne Urbason im Verlauf (N = 4)

* 79% Manner, im Median 45 Jahre, Follow-up 3 Jahre

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Morath J Clin Invest 2020, Morath J Am Soc Nephrol 2023 I;|5D)



N W A g
o O O O

% T-cell proliferation

(3]

Third party and donor-
specific stimulation

Drug-adjusted COMBINED-g7

Transitional B lymphocytes g :
consensus gene-expression signature

MIC patients of group C vs. controls

MIC patients of group C MIC patients
12.54 1.0
. «  * Before MIC P<0.0001 * Day 360 ® o
e ° * Day 360 = & e Day 720 i
. ay % 10.0- Sos Day 1080 il
. = * Day 720 ] Q0. ay il
.« = 3 Day 1080 Ob e 5
E. ‘s @ R14
3 a’5 206
ol - Qo s
oT 9o Z
2 350 o £ 041 Operationally tolerant (>0.32) =
@] . S R11
® o ° [<] Non-tolerant
® X 254 ¢ Se :. = 4 o 0.2 o o
L]
* H ° PY [ Y .
=% = - .0.0. O t 4 ® ° 0 el ee = =% na s . |
Third party cells Donor cells ) ™) o ~ N ~ = =2 GroupA(N=3) GroupB(N=3) GroupC (N=4)
T b T bow b 1] ] 1]
I 1] I I ]
z 2z z z z £ 2 ¢
> e &= &= E 9 S =
E 9 & & § B § =
[ = = = (9} Qo 5
[} 8 (9] — H [} D
= o a i L

MIC induzieren einen operational toleranten Phanotyp
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Nachweis der COMBINED-g7 Konsensus-Genexpressionssignatur

UK
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dnDSA-free survival
MIC patients (N = 10) vs. controls (N = 15)
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Years after transplantation
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Opportunistic infection-free survival
MIC patients (N = 10) vs. controls (N = 15)

- MIC
-~ Controls

Log rank P=0.033

| | | |
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Years after transplantation

Retrospektive Analyse klinischer Endpunkte

Keine DSA, keine akuten AbstoRungen, ,keine” opportunistischen Infektionen,
hoherer anti-S1 IgG Index (53 vs. 2, P=0,16) von MIC vs. Kontrolle

UK

Universitatsklinikum Heidelberg | 10.03.2023 | Christian Morath Schaier ASN 2022
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Screening 12-months follow-up
Treatment LT-FU

Control @I Standard-of-care immunosuppression (N=21)

- -I 2:1 Randomization | ————————————————————————————————————

Arm A — low immunosuppression (N=10)

Tac 8-12 pg/L WS5-26: 6-10 pg/L from W27: 4-8 pg/L

mPred 20 mg WS5-13: weaning off
MIC
Arm B — minimal immunosuppression (N=32)
MIC
. ) Tac 8-12 pg/L W5-26: 6-10 pg/L from W27: 4-8 pg/L
infusion
mPred 20 mg WS5-13: weaning off
D-14to -7 DO D7 D37 D97 D142 D187 D277 M12 M36
MIC Tx Bx pEP EOS

Multizentrische Phase-llb Studie

Primarer Endpunkt: Operationale Toleranz, zwei herausgehobene sekundare
Endpunkte u.a. Patienten-relevante Infektionen

UK

Universitétsklinikum Heidelberg | 10.03.2023 | Christian Morath Morath BMJ open 2022 ';ISD




Agenda

* Neue pathophysiologische Konzepte
* Neue klinische Endpunkte

* Neuesimmunologisches Monitoring
* Neue immunsuppressive Therapien

* Verschiedenes
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Carroll Lancet Oncol 2022

Articles

*® Immune checkpoint inhibitors in kidney transplant recipients:

CrossMark

a multicentre, single-arm, phase 1 study

Robert P Carroll, Michael Boyer, Val Gebski, Bronwyn Hockley, Julie K Johnston, Svjetlana Kireta, Hsiang Tan, Anne Taylor, Kate Wyburn, John R Zalcberg
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Universitatsklinikum Heidelberg | 10.03.2023 | Christian Morath Ramos-Casals Nat Rev Dis Primers 2020



Studiendesign

* Multizentrische, einarmige Phase-| Studie in Australien

N =22, fortgeschrittenes Tumorleiden, ECOG 0-2, Kreatinin
<180 umol/L, keine/wenig HLA-Antikorper

* N=17in Auswertung, 65% Manner, im Median 67 Jahre, 3
Infusionen, Follow-up 28 Monate

N =9 Plattenepithel-Ca von Haut oder Oropharynx
* Fruhzeitige Beendigung aufgrund COVID-19-Pandemie

Universitatsklinikum Heidelberg | 10.03.2023 | Christian Morath Carroll Lancet Oncol 2022
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Ergebnisse

Haemodialy:
001 i i v
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Montgomery N Engl J Med 2022

The NEW ENGLAND JOURNAL of MEDICINE Urine Drainage System

ORIGINAL ARTICLE

Results of Two Cases of Pig-to-Human
Kidney Xenotransplantation

Robert A. Montgomery, M.D., D.Phil., Jeffrey M. Stern, M.D.,
Bonnie E. Lonze, M.D., Ph.D., Vasishta S. Tatapudi, M.D., !
Massimo Mangiola, Ph.D., Ming Wu, M.D., Elaina Weldon, M.S.N., A.C.N.P.-B.C,,
Nikki Lawson, R.N., Cecilia Deterville, M.S., Rebecca A. Dieter, Pharm.D., B.C.P.S.,
Brigitte Sullivan, M.B.A., Gabriella Boulton, B.A., Brendan Parent, J.D.,
Greta Piper, M.D., Philip Sommer, M.D., Samantha Cawthon, B.S.,
Erin Duggan, M.D., David Ayares, Ph.D., Amy Dandro, M.S.,
Ana Fazio-Kroll, Ph.D., Maria Kokkinaki, Ph.D., Lars Burdorf, M.D., Ph.D.,
Marc Lorber, M.D., Jef D. Boeke, Ph.D., Harvey Pass, M.D.,
Brendan Keating, Ph.D., Adam Griesemer, M.D., Nicole M. Ali, M.D.,
Sapna A. Mehta, M.D., and Zoe A. Stewart, M.D., Ph.D.




Langin Nature 2018

LETTER Corrected: Author Correction

https://doi.org/10.1038/s41586-018-0765-z

Consistent success in life-supporting porcine
cardiac xenotransplantation
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