Post-transplant Cyclophosphamide: a GvHD
prophylaxis for any donor ?

Corso die Formazione GITMO-Trapiant e terapie cellular:
cellule, donatori e condizionamenti
8-9 ottobre, Ospedale di Udine/ltaly

Nicolaus Kroger
Department of Hematology and Stem Cell Transplantation

University Medical Center Essen/Germany



Background

« Acute and Chronic Graft-versus Host Disease
(GvHD) are major complications after allogeneic
stem cell transplantation and a major cause for
morbidity and mortality after Haploidentical,
matched and mismatched unrelated but also
after HLA-identical sibling transplantation

(Kansu et al Blood 2001, Sullivan et al BBMT 1996)



Development of allogeneic SCT in EBMT

11000 +
10000 -
9000 -
8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

HCT

0

= HLAidentical sibling

— Haploidentical
— Unrelated
- Cord blood

_'7—4:——""‘-...___

! | I I I 1 T 1 1 I ! ! I I 1 ] I ! I I ! 1 I I ] I I I 1 I

90 92 94 96 98 00 02 04 06 08 10 12 14 16 18 20 22

Year
Passweg et al BMT 2025



Survival in patients with aGvHD (EBMT megafile)
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Prevention of GVHD: therapeutic targets
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Haplo-identical hematopoietic stem cell

transplantation

3. High-dose cyclophosphamide based GvHD prophylaxis
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2) Impaired functionality of surviving alloreactive effector T cells

1) Reduction of CD4*
T-cell proliferation

3) Preferential recovery of CD4* regulatory T cells

Day +3 Days +3,+4
At transplant (Pre-PTCy) (Post-PTCy) Day +21

Activation / Continued
High level Some o proliferation of

@ proliferation X cell death J : surviving cells
Alloreactive CD8" Dl
effector T cells

Activation /
High level ' Some ... Reduced proliferation

proliferation 7N~ N celldeath <~/ _ of surviving cells

&H T @ NS 0Ty

Alloreactive CD4*
effector T cells

Activation /
High level Some Reduced proliferation

proliferation G cell death y of surviving cells
Alloreactive CD4* i
regulatory T cells

Not activated / Continued
Low level Some low level

proliferation cell death ; proliferation

Non-Alloreactive
T cells

Nunes NS and Kanakry CG. Front Immunol. 2019.




Timing of PTCy
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Haplo-identical HSCT using Post-transplant

Cyclophosphamide
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Haplo-identical HSCT with PTCy in after RIC
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Haplo-identical hematopoietic stem cell

transplantation with PTCy vs T-cell depletion

Comparison between TCD or TCR
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PTCy vs ATG in Haplo HSCT (EBMT)
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Increasing use of PTCy in Haplo-identical HSCT (CIBMTR)

GVHD prophylaxis of haplo donor HCTs, US,
2014-2024, adults
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cyclophosphamide.




PTCy for matched related and unrelated donors?



REGULAR ARTICLE ® blood advances

Posttransplant cyclophosphamide for prevention of graft-versus-host
disease: results of the prospective randomized HOVON-96 trial

Annoek E. C. Broers,! Cornelis N. de Jong,"? Katerina Bakunina,® Mette D. Hazenberg,* Marinus van Marwijk Kooy,®
Marco R. de Groot,® Michel van Gelder,” Jirgen Kuball,® Bronno van der Holt,® Ellen Meijer,® and Jan J. Cornelissen,' on behalf of
the HOVON Stem Cell Transplantation Working Group
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BMT-CTN 1703 Study PTCy

TAC/MMF/PTCy vs TAC/MTX after RIC in HLA matched relative and MUD/MMUD
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ORIGINAL ARTICLE

Post-Transplantation Cyclophosphamide-
Based Graft-versus-Host Disease Prophylaxis
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.. Randomized Phase 1lIl BMT CTN Trial of
“Calcineurin Inhibitor—Free Chronic Graft-

~ Versus-Host Disease Interventions in
Myeloablative Hematopoietic Cell
Transplantation for Hematologic Malignancies
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Log-rank test Pvalue = 029
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CD34 selection resulted in lower rates of chronic GVHD but was
associated with worse survival compared with the other interventions.

Post-transplant cyclophosphamide without CNI was not superior to
tacrolimus and methotrexate with BM in relation to chronic GVHD and
survival

Luznik et al JCO 2022



PTCy (50 mg/kg on day +3 and +4) as single GvHD
Prophylaxis after MRD (n= 45) and MUD (n=47) after MAC

(Bu/Flu) and BM
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ORIGINAL ARTICLE

Graft-versus-Host Disease Prophylaxis
with Cyclophosphamide and Cyclosporin

D). Curtis,** 5.5. Patil,! |. Reynolds,*? D. Purtill * C. Lewis* D.5. Ritchie,* D). Gottlieb,

O.T. Yeung,” E. Wong,'" 5.-K. Tey,""" T. Perera,"* |. Moore,* R.M. Kolde]
R. De Abreu Lourenco,'” |. Stubbs, ' C.O. Morrissey,”® M. Munsef,'® AL Arenas,

and G.R. Hill **** for the Australasian Leukaemia and Lymphoma Group®

Experimental Prophylaxis Standard Prophylaxis
End Point [N =68 (M = 68)

Grade Il or IV acute GYHD [95% Cl) — %67
At 3 mo 3 (1-10) 10 [4-19)
At & mo b (2-14) 18 (10-28)
Moderate-to-severe chronic GYVHD [95% CI) — %1
At 12 mo 14 (7-24) 24 (14-35)
At 24 mo 18 [9-2E) 13 [21-45)

Immunosuppression-free survival at 12 mo (95% CI) 54 (42-67T) 31 (2043}

Relapse (95% Cl) — %
At 12 mo 14 (7-24) 1% (10-28)
At 24 mo 16 (3-26) 21 {12-32)




PTCy as GvHD prophylaxis in HLA-ident Sibling HSCT
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Transplants

Increasing use of PTCy in unrelated HSCT (CIBMTR)

GVHD prophylaxis of MUD HCTs, US, 2014-
2024, adults, MAC
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unrelated donor; PTCy, post-transplant cydophosphamide.
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Increasing use of PTCy in HLA-identical sibling (CIBMTR)

GVHD prophylaxis, MRD HCTs, US, 2014-2024,
adults, MAC
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post-transplant cydophosphamide.
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Treatment arm

Treatment arm

Cumulative incidence

Randomized European Study Haplo vs MUD with PTCy
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Survival probability
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Survival probability

Treatment arm

Randomized European Study Haplo vs MUD with PTCy

GRFS inITT

Treatment arm =+ Haplo =+ MUD

Survival probability at 1 year (95% Cl): Haplo 68.1% (58.1-79.9) MUD 73.4% (63.5-84.8)
Log-rank p-value =0.4

Survival probability at 2 years (95% Cl): Haplo 57.3% (45.3-72.4) MUD 56.8% (44.6-72.3)
Log-rank p-value = 0.6
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Log-rank p-value = 0.6

Survival probability at 2 years (95% Cl): Haplo 77.9% (66.7-90.9) MUD 67.8% (55.2-83.3)
Log-rank p-value = 0.6
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Treatment arm = Haplo == MUD

Survival probability at 1 year (95% Cl): Haplo 70.9% (60.9-82.6) MUD 79.9% (70.3-90.9)
Log-rank p-value = 0.2

Survival probability at 2 years (95%ClI): Haplo 59.6% (47.4-74.9) MUD 61.4% (48.4-77.8)
Log-rank p-value = 0.6
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PTCy for mismatched unrelated donors (MMUD)?



®Post-Transplant Cyclophosphamide—Based
Graft-Versus-Host Disease Prophylaxis Attenuates Disparity

in Outcomes Between Use of Matched or Mismatched
Unrelated Donors

Brian C. Shaffer, MD, MS' ; Mahasweta Gooptu, MD?, Todd E. DeFor, MS?; Martin Maiers, MS? ([5); Javier Bolafios-Meade, MD*;

Ramzi Abboud, MD®*(5); Adrienne D. Briggs, MD®;, Farhad Khimani, MBBS” () ; Dipenkumar Modi, MD® (%) ; Richard Newcomb, MD® (5} ;
Elizabeth J. Shpall, MD'?; Caitrin Bupp, MPH?*(5); Stephen R. Spellman, MBS?, Heather E. Stefanski, MD, PhD®; Bronwen E. Shaw, MD, PhD"'
Jeffery J. Auletta, MD*'2 ([ ; Steven M. Devine, MD?* (5 ; Antonio M. Jimenez Jimenez, MD, MSc'*(); and Monzr M. Al Malki, MD'*

Characteristic PTCy URD 8/8 CNI URD 8/8 PTCy URD 7/8 CNI URD 7/8 Total
No. of patients 1,681 7272 613 459 10,025
Patient age, years, median (range) 52.0 (18.0-82.2) 60.6 (18.0-82.7) 57.9 (18.0-78.8) 58.2 (18.1-81.4) 60.7 (18.0-82.7)
Donor age, years, median (range) 27.6 (18.0-60.9) 26.8 (18.0-66.5) 28.8 (18.0-61.2) 283 (18.0-61.4) 27.1 (18.0-66.5)

909 (54.1) 3,937 (54.1) 330 (53.8) 243 (52.9) 5,419 (54.1)
250 (14.9) 1,209 (16.6) 128 (20.9) 93 (20.3) 1,680 (16.8)
522 (31.1) 2,126 (29.2) 155 (25.3) 123 (26.8) 2,926 (29.2)

URD HLA-7/8 URD HLA-7/8
——— URD HLA-8/8 ——— URD HLA-8/8

os

Probability (%)
Probability (%)

12 18 24

Time (months) Time (months)
Mumber at risk Number at risk
0S5 URD &/8 1681 1257 05 URD g/ 7272 5132
05 URD 7/8 813 439 05 URD 7/ 459 297
GRFS URD 8/2 1650 910 GRFS URD 8/2 7136 2638
GRFS URD 7/8 B06 300 GRFS URD 7/8 453 162

Shaffer et al JCO 2024




MMUD vs MUD with PTCy (CIBMTR data

Number at risk
PTCY URD &/8 4505
PTCY URD 7/8 596
CNIURD 88 6985
CNIURD 7/8 446

Probability (%)

Number at risk
PTCY URD 8/8 1626
PTCY URD 7/8 596
CNIURD &8 6985
CNIURD 7/8 446

—— PTCy URD 8/8

—— PTCy URD 7/8

—— CNIURD 8/8
CNI URD 7/8

3 4

Time (months)

1182 10581
420 365
4431 3808

199

—— PTCy URD 8/8
PTCy URD 7/8

—— CNI URD 8/8

—— CNIURD 7/8

Time (months)

1393
497
5560
318

Number at risk

PTCY URD 8/8 1679
PTCY URD 7/8 613
CNIURD &8 7258
CNI URD 7/8 459

—— PTCy URD 8/8

—— PTCy URD 7/8
CNI URD 7/8

—— CNIURD 8/8

Time (months)

1230
424
4220
254

Shaffer et al JCO 2024



Mismatch unrelated SCT with PTCy

(NMDP study)

HLA match, No. (%)

Toutof 8 26 (65) 23 (58) 19(61)
6outof 8 8 (20) 11(28) 19(24)
houtof 8 5(13) 2(5) 109
4 out of 8 103) 4(10) H(6)
Characteristic MAC RIC Total
100 -
= 801 Fig 1: OS, stratified by
Z e conditioning intensity.
% . MAC, myeloablative
- | conditionong;
Dl: . Total No. of Subjects = 80 MAC RIC .
20 1 —_ MAC Mo. of censored 29 32 OS, Overa" Su vaal,
1 —=rc No. of events moooe RIC, reduced-intensity
0 6 12 conditioning
Months
Mo. at risk:
MAC 40 31 17
RIC 40 36 15

Shaw B JCO 2021



CIBMTR Data

Number HCTs
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Impact of PTCy as GvHD prophylaxis on HLA-mismatch (n=1523): EBMT
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ATLG/ATG vs PTCy?



Cell Therapy & Immunotherapy ART'CLE

Comparison of immune reconstitution i.)DF . _

- - errata Storti Foundation
between anti-T-lymphocyte globulin and

posttransplant cyclophosphamide as acute
graft-versus-host disease prophylaxis in
allogeneic myeloablative peripheral blood
stem cell transplantation

Radwan Massoud, Nico Gagelmann, Ulrike Fritzsche-Friedland, Gaby Zeck,

Silke Heidenreich, Christine Wolschke, Francis Ayuk, Maximilian Christopeit
and Nicolaus Kroger

Haematologica 2022
Volume 107(4):857-867

Department of Stem Cell Transplantation, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany

P
N (%) N(%)

Number of patients 476 (100) 1231000 | |

Leukocytes engraftment median days (range) 12 (8-36) 16 (12-27)

Platelet engraftment median days (range) 15 (8-99) 21 (9-99)
CMV reactivation [15 in ATG 54 in PTCY missing] 214 (46) 60 (50)

EBV reactivation [34 in ATG missing, 4 in PTCY missing] 131 (33) 19 (16) <0.001

Overall incidence of infection by day 100 109 (91)
NRM at 3 years 30%
Relapse incidence 29%
DFS at 3 years 42%

OS at 3 years 65% 58%

Moderate/severe cGVHD Relapse free survival 40% 27%

Legend: NS= statistically non-significant, NRM= Non relapse Mortality, OS= Overall survival,
DFS=disease free survival, cGVHD= Chronic graft versus host disease

CD8, NK, NKT, gammaldelta T cells faster after ATG and CD4 after PTCy
Moderate /severe cGvHD after ATG vs PTCy: 38% vs 44%, p=0.005




ATG vs PTCY in AML and HLA-ident Sibling HSCT (EBMT)

TABLE 1. Patient, Disease, and Transplantation
Characteristics

>

Cumulative Incidence of Relapse

Characteristic

Age at allo-HCT, v,
median (range)
Sex
1012 (53)
Women 893 (47)
Female donor into 456 (24)
male recipient
Secondary AML 2318 (17)
Cytogenetic risk
Good 67 (3)
Intermediate 869 (45)
Poor 347 (19)
MA/Failed

Relapse

— PTCY
— ATG

Time from transplant (years)

number of at-risk patients

ATG (n = 1913)

54 (18-72)

Cumulative Incidence of NRM

PTCY (n=197) P

47 (18-74)

88 (55)
88 (45)
51 (26)

31 (16)

8 (4)
87 (44)
29 (15)
73 (37)

Time from transplant (years)
number of at-risk patients

a0

Battipaglia et al Cancer 2021



ATG vs PTCY in AML and HLA-ident Sibling HSCT (EBMT)

— ATG
8

07
0.6 -
5
04 -
0.3 -

Leukemia—Free Survival

T
1

Time from transplant (years)
number of at-risk patients
90
975

TABLE 3. Multivariate Analysis

0.8 —
0.7 —
0.6 —
0.5 —
04
03

Overall Survival

— ATG

ATG vs PTCY HR (95% CI)
LFS 1.00 (0.77-1.31)
0S 0.97 (0.72-1.32)
GRFS 0.85 (0.67-1.03)
R 0.97 (0.72-1.31)
NRM 1.15(0.63-2.11)
Grade lI-I\V acute GVHD 0.96 (0.66-1.41)
Grade lII/IV acute GVHD 0.82 (0.43-1.58)
Chronic GVHD, all grades 0.71 (0.52-0.97)
Extensive chronic GVHD 0.60 (0.38-0.93)

.99
.86
A6
.85
65
.84
56
=<.04
=.03

Time from transplant (years)
number of at-risk patients
101
1126

chronic GVHD

— PTCY
0.2 — ATG

Cumulative Incidence of cGVHD

I
I
Time from transplant (years)
number of at-risk patients
49
627

Battipaglia et al Cancer 2021



A network meta-analysis of randomized trials to
determine optimal GVHD prophylaxis in matched
sibling donor transplantation

Gonzalo Bentolila 1, Nihar Desai ¢, Shernan Holtan ?, Francesca Bonifazi 4, Annoek E C Broers 2

Jonas Mattsson 2, Juliana Martinez Rolon ©, Thomas Schroeder 7, Nicolaus Kréger 7,

Nico Gagelmann &

Pooled direct comparisons: PTCy and ATG vs control

| PTCy vs Control
Outcome Risk Ratio (95% CI) !

ATG vs Control

Indirect Comparison: GVHD Outcomes
GRFS

Qverall survival 0.70(0.48-1.03 Outcome Risk Ratio (95% Cl)  RR (95% CI)

. GVHD-Free, Relapse-Free Survival 0.88 (0.70-1.11)
Disease-free survival

Acute GVHD Grade II-IV 1.09 (0.67-1.77)
Relapse
Acute GVHD Grade I1l-Iv 0.50 (0.19-1.34)

Non-relapse montality

Chronic GVHD (Any) 1.46 (0.98-2.17)

Acute GVHD 11V

e
Chronic GVHD Moderate-Severe e 1.94 (0.88-4.30)

Acute GVHD [I-IV 025 050 10 20 40

—_—

Chronic GVHD (any) e .88 Favors PTCy  Favors ATG

Chronic GVHD mod.-sev.

025 0% 10 20

Favors Intervention Favors Control

JTCT 2026



Mohamad Mohty'~

Brissot et al. Journal of Hematology & Oncology
https://doi.org/10.1 186/s13045-020-00923-0

(2020) 13:87

RESEARCH Open Access

Post-transplant cyclophosphamide versus )
antithymocyte globulin in patients with
acute myeloid leukemia in first complete
remission undergoing allogeneic stem cell
transplantation from 10/10 HLA-matched
unrelated donors

Eolia Brissot'? @, Myriam Labopin?, lan Moiseev?, J. J. Cornelissen®, Ellen Meijer®, Gwendolyn Van Gorkom?,
Montserrat Rovira®, Fabio Ciceri®'%, Laimonas Griskevicius'', Didier Blaise'?, Edouard Forcade'®, Martin Mistrik'?,
Stephan Mielke'®, Claude Eric Bulabois'®, Riitta Niittyvuopio'”, Eric Deconinck'®, Annalisa Ruggeri®'°,

Jaime Sanz'®2°, Alexandros Spyridonidis®’, Bipin Savani®?, Sebastian Giebel?>, Arnon Nagler’® and

Hematology & Oncology

acute GVHD
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Fig. 2 Cumulative incidence of GVHD. aGVHD (a) and cGVHD (b)
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Posttransplant cyclophosphamide vs antithymocyte
globulin in HLA-mismatched unrelated
donor transplantation

Giorgia Battipaglia,’* Myriam Labopin,’** Nicolaus Kroger,® Antonin Vitek,* Boris Afanasyev,” Inken Hilgendorf,? Johannes Schetelig,?
Armold Ganser,'® Didier Blaise,” Maija Itald-Remes,’? Jakob R. Passweg,'® Francesca Bonifazi,* Jurgen Finke,'® Annalisa Ruggeri,'®
Amon Nagler,*'” and Mohamad Mohty 34

— PTCY . — PTCY
— ATG . — ATG

@2y 5612
@2y 55411 Y

Overall survival

@2y 347 @2y 38x7

Leukemia-free survival

1 1
Time from transplant (years) Time from transplant (years)




GVHD PROPHYLAXIS INCLUDING ATG REMAINS STANDARD OF CARE FOR HLA-COMPATIBLE
UNRELATED DONOR HEMATOPOIETIC CELL TRANSPLANTATION: RESULTS FROM A LARGE

RANDOMIZED CONTROLLED TRIAL COMPARING ATG AND PTCY

Johannes Schetelig

Author(s): Matthias Stelljes, Désirée Kunadt, Thomas Schroder, Lutz Peter Miller, Friedrich Stolzel, Gesine Bug, Edgar Jost, Anke
Morgner, Johannes Lakner, Kerstin Schafer-Eckart, Lorenz Thurner, Chnstoph Schmid, Wolfgang Bethge, Martin Kaufmann, Stefan A
Klein, Andreas Burcheri, Friederike Worimann, Ralf-Georg Meyer, Inken Hilgendorf, Udo Holtick, Guido Kobbe, Jochen J. Frietsch, Eva
Wagner-Drouet, Mark Ringhoffer, Matthias Floeth, Jan Montz Middeke, Judith Schaffrath, Henning Baldauf, Carina Rave, Ruben

Real, Cathleen Petzold, Sarah Trost, Alexander H. Schmidt, Vinzenz Lange, Hans C. Reinhardt, Christian Reicherts, Georg
Lenz, Martin Bornhauser, Johannes Schetelig

Non-inferiority for PTCY
640 patients were randomized between 3/2022 and 12/2024,

stratified for age, disease risk and HLA-compatibility,

383 to PTCy-100 and 257 to ATG-30.

median age was 63 years (range, 19-78)

disease risk index was high or very high for 363 patients (57%)
Majority not in (molecular) CR!

10% MMUD

EHA 2026



Overall Survival from Randomization (Intention-To-Treat Population)

median follow-up of 2.3 years

-“ ATG-30 @2yrs 75% (95%-Cl 63-80%)

PTCy-100 @2yrs 68% (95%-Cl 63-73%)

adjusted Hazard Ratio 1.341 (95%-CI 0.999-1.801)

confirmatory test for non-inferiority of PTCy with 5% margin, p=0.85
exploratory test for superiority, p=0.051 (two-sided)

0 0.5 1 1.5
Years since Randomization

number at risk (number censored)
ATG-30 257 (0) 236 (1) 215 (1) 168 (36) 119 (77)
PTCy-100 383 (0) 333 (1) 298 (2) 220 (58) 154 (114)

Probability of Survival (%]

Figure 1

GRFS at 2 years after HCT was 48% with PTCy-100 versus 40% with ATG-30 (adj. HR 0.85, p=0.16)
Cl of relapse at 2 years after HCT were 26% and 31% (adj. HR 0.86, p=0.32)

NRM was higher with PTCy-100 than with ATG-30 (2-year NRM 13% versus 7%, adj. HR 1.86, p=0.02),
specifically due to infections w/o concomitant severe acute or cGVHD in the PTCy-100 arm. ~:-$$’L_|

Confirmatory testing
* Non-inferior survival with a margin of 5% for PTCy-100 can not be shown compared to ATLG-30

Explorative testing

PTCy-100 ATLG-30
2yr OS 68% 2yr OS 75%
2yr NRM 13% 2yr NRM 7%

* PTCy-100: lower incidences of acute and chronic GVHD, but longer aplasia, longer in hospital stay,
more infections, higher infectious mortality, higher NRM




Summary

1. Post-transplant Cyclophosphmide can be recommended for all
donor sources to prevent acute and chronic GvHD

2. However it is not clear whether it should be preferred to ATG/ATLG
as GvHD prophylaxis

Current clinical research is focussed on:
a) optimal dosing of PTCy to reduce toxicity and prevent GvHD
b) find optimal combination partner for different donor source
(including ATG/ATLG plus PTCy combination)



PTCy-based GVHD prophylaxis - PTCy partners,
Matched Donors, 2024, adults

Matched related donor Matched unrelated donor

5%
8%

\ \

n =626 n=2829
m CNI + MMF & CNI + MTX = Siro = Abatacept = PTCy alone = PTCy + other(s)

PTCy + other(s) group, 50 MRD patients received PTCy+CNI alone, and 142 MUD patients received CIBMTR.org

. Abbreviations: CNI, caldneurin inhibitor; GVHD, graft-versus-host disease; MMF, mycophenolate
' C' BMTR mofetil; MTX, methotrexate; PTCy, post-transplant cydophosphamide; Siro, sirolimus; Note: in the
Lo PTCy + CNI alone.
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— Episode 1 (® 23 min £ Jul12, 2026

‘PTCy — for ALL donors?’ w. Leo Luznik

In this episode Prof. Leo Luznik will describe how post-transplant cyclophosphamide as

effective GvHD prophylaxis was detected and used after haploidentical alliogeneic
BAD

transplantatic and its current an S 1C in entical sibling 5 W asir atche Camat
transplantation and its current and future role HLA identical sibling, as well as in matched :",1333);:: CME Credits — 0.5 Credits
N AL

03
MYTHS :Z FACTS
T

and mismatched unrelated stem cell transplantation.

‘PTCy — for
ALIL donors?’

Follow @MythsFactsPod
Youtube youtu.be/wlXLr3x3Xe0?si

Spotify open.spotify.com/show/033tJ340Z
x.com/MythsFactsPod/



https://x.com/MythsFactsPod
https://youtu.be/wlXLr3x3Xe0?si=tolNquCkHmA1bV-f
https://open.spotify.com/show/033tJ340ZsiSNI5SvtAhre
https://x.com/MythsFactsPod/status/2071907458595856617/video/1
https://x.com/MythsFactsPod/status/2071907458595856617/video/1
https://x.com/MythsFactsPod/status/2071907458595856617/video/1
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