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Graft versus Leukemia: Quantification of Adoptive Immunotherapy in Murine Leukemia
Author(s): Mortimer M. Bortin, Alfred A. Rimm, Edward C. Saltzstein
Reviewed work(s):

Source: Science, New Series, Vol. 179, No. 4075 (Feb. 23, 1973), pp. 811-813
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Table 1. Effect of adoptive immunotherapy on immunosuppressed AKR (H-2*¥) mice that
have been given graded doses of leukemia blast cells, Shown aie pércentages of survival of
secondary recipients at 60 days; N, number of secondary recipients tested.

Survival of bioassay mice: number of leukemia
blast cells administered to primary AKR hosts

Donor strain
for GVL reaction

DBA/2 (H-29)
C57BL/6 (H-2")
A (H-2)

CBA (H-2%)
None (controls)

# no LN cells =NO EFFECT  ALL DIED of leukemia
# syngeneic LN cells = NO EFFECT ALL DIED of leukemia
# H2 mismatched LN cells = SURVIVED according to

. degree of mismatch

. number of leukemic cells infused



What does this experiment show?
(1973) > century!

# cellular therapy ALONE can CURE leukemia
# syngeneic cells = NO EFFECT
# Anti-Leukemic EFFECT depends on

number of leukemic cells (tumour burden)
target (degree of mismatched =antigens)




# leukemia cells double every 24 hours
#64x10”3 leuk cells (day 0) 2 10”7 cells (5x1076 in the
spleen) (day +4)

# Reduction with LN cells =from 10*7 to 1072 to allow 29%
to survive



Skience 1973

Graft versus Leukemia: Quantification of Adoptive Immunotherapy in Murine Leukemia
Author(s): Mortimer M. Bortin, Alfred A. Rimm, Edward C. Saltzstein

Reviewed work(s):

Source: Science, New Series, Vol. 179, No. 4075 (Feb. 23, 1973), pp. 811-813

current cytokinetic theory. The results
reported here suggest that adoptive
immunotherapy, under carefully con-
trolled conditions, may prove useful as

an adjunct to conventional antileu-
kemic therapy.



DLI n.1in Genova 15.july.1990
Patient(39 years old) with CML ; BMT from HLA id sister 1.april.1988
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- _ Persisting molecular remission ten years after donor
haematologica vol. 86(5):May 2001 lymphocyte infusion for hematulngl‘l'c relapse in chronic

myeloid leukemia




RAPID COMMUNICATION

Donor Leukocyte Transfusions for Treatment of Recurrent Chronic Myelogenous
Leukemia in Marrow Transplant Patients

By H.J. Kolb, J. Mittermuller, Ch. Ciemm, E. Holler, G. Ledderose, G. Brehm, M. Heim, and W. Wilmanns

Blood, Vol 76, No 12 (December 15), 1980: pp 2462-2465

Three patients with hematologic relapse after bone mar-
row transplantation for chronic myelogenous leukemia

were treated with interferon a and transfusion of viable

donor buffy coat. All had complete hematologic and cytoge-
netic remission, which persisted 32 to 91 weeks after

treatment. In two patients graft-versus-host disease devel-



Biol Blood Marrow Transplant 21 (2015) 1230-1236

500 DLI

Biology of Blood and 16% molecular rel
Marrow Transplantation 30% cytogenetic
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DLI
# from mice to man (17 years)
# CML first and best indication

# efficacy (as In mice) tumour load dependend

HLA mismatch ?




Total number of DLI 2007-2022 EBMT

2007
2015
2019
2022

DLI

1898
2940
3028
3245

GF ResDis Relapse Protocol

410
716 431
848 540

1285 442
1461 420
1377 420



DONOR Lymphocyte Infusions (DLI) : number of publication in PUMED 2005-2020
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DLI-2
# increased use 2007-2020 (+70%)

# increased research interest (+51%)




® Donorlymphocyte infusion after allogeneic haematopoietic
~ cell transplantation for haematological malignancies:
basic considerations and best practice recommendations

fromthe EBMT

Simona Pagliuca®, Christoph Schmid*, Nicole Santoro, Federico Simonetta, Giorgia Battipaglia, Thierry Guillaume, Raffaella Greco,

Francesco Onida, Isabel Sanchez-Orteqa, Ibrahim Yakoub-Agha, Jurgen Kuballf, Mette D Hazenbergt, Annalisa Ruggerit, on behalf of the Practice
Harmonization and Guidelines Committee and the Cellular Therapy and Immunobiology Working Party of the European Society for Blood and
Marrow Transplantation (EBMT)

Lancet Haemat ol 2024;
11: e448-58
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Figure 1: Graft-versus-tumour immunity

Immunobiology of graft-versus-tumour or leukaemia effect, describing the known immune effectors and molecular
patterns able to induce an alloreactive response against tumour cells or leukaemic blasts. NK cells=natural killer cells.
NKT=natural killer T cells. TCR=T-cell receptor, TGF=tumour growth factor. TH=T helper cell,




Panel 1: Indications for donor lymphocyte infusion (DLI)
Prophylactic DLI#*%

Common practice
+ High-risk disease (as defined by the European Leukaemia
Met 2022 criteria)

«  Transplantation in advanced or refractory disease
*  Ex-vivo lymphodepleted allogeneic haematopoietic cell
transplantation

Can be considered
«  Non-myeloablative conditioning*
«  Absence of druggable targets (ie, FLT3)*



Panel 1: Indications for donor lymphocyte infusion (DLI)

Can be considered
« Infections

Pre-emptive DLI®**

Common practice

»  Mixed chimerism

»  Persistent minimal residual disease
»  Molecular or cytogenetic relapse



Panel 1: Indications for donor lymphocyte infusion (DLI)

Therapeutic DLI*#4%
Common practice

« Haematological relapse
«  Extramedullary relapse

Can be considered
«  Post-transplantation lymphoproliferative diseaset

*Data to substantiate recommendations are currently scarce. TGiven the shortage of

supporting studies for the use of the DLI In post-transplantation ymphoproliferative
disease, and the current development of other forms of antlviral cellular therapies,

we seek to acknowledge the possibility for selected cases of Epstein-Barr virus-related
lymphoproliferative disorders to use third party allogeneic anti- EBV cytotoxic

T lymphocytes.



Recommended Recommended Recommended DLI Number

DLI dose for DLI dose for dose for mismatched of DLis
matched related matched vnrelated donor or
donor unrelated donor  haploidentical donor
Prophylactic®™*
3 months (ex-vivo TCD: any 1x10° cells/kg 1x10° cells/kg 1x10° cells/kg* 1-3t
risk; no ex-vivo TCD: high risk
or refractory disease)
b monthsit 1x 100 cells/kg 1x 10¢ cells/kg Gx 107 cells/kg 1-37
Pre-emptive™*
3 months 1-5x10°cells/kg  1x10°cells/kg 1= 10° cells/kg 1-4§
6 monthst 1-3x10%cells/kg  1x10¢cells/kg 5% 107 cells/kg 1-4§
Therapeutict4s4ss
After systemic therapy¥ 1x 107 cells/kg 1x 107 cells/kg 1= 10¢ cells/kg 1-4||

The interval between two consecutive DLIs in prophylactic settings should be at least 6 weeks, whereas in pre-emptive
or therapeutic settings the delay can be shorter (usually 4 weeks is accepted). DLI=donor lymphocyte infusion.



DLI-3

EBMT recommendations 2024
Common practice DLI=

# Prophylactic high risk AL / RR
# Pre-emptive MRD, mol relapse
# Therapeutic hematologic relapse

Can be considered: treatment of infections




DLI

# AML

BBMT 2015 ; 21: 460
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BBMT 2016; 22: 1242

cumultive incidence
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BBMT 2016; 22: 1242 Disease free survival
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DLI -4 AML
# WT1 expression post- HSCT predicts relapse

# DLI given at a lower cut-off (level) of WT1 , reduces
failures (relapses)

# DLI should be given pre-emptively in AML




D L I Leukemia 2021; 35; 215

Myelofibrosis
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Effect of relapse after an allogeneic HSCT in myelofibrosis; n=254 (Genova Rome) ;
2001-2023

100% - . , | | |
80% -
No relapse; n=199
l@)) 600/ | Lt it 11l
% o IJ-‘_Ll_LUJLHH [ |
? 50%
X 40% A
20% - |
Relapsed; n=55 I_ﬂ%_
0%
° ° 4 6 8 10

years from transplant



% surviving

100% A ! ! !

80% -

60% -
/ MF Relapsed; n=55

40% -
20% - 21% 16%
1 11%
0% .
0 2 4 6 3

years from transplant




Borie Marrow Trarsplantation (2021) 56:1944-1952 (_ )
https://doi.ong/10.1038/5471409-021-01271-4

ARTICLE

Outcomes following second allogeneic haematopoietic cell
transplantation in patients with myelofibrosis: a retrospective study
of the Chronic Malignancies Working Party of EBMT

6.
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Fig. 2 Cumulative incidence of relapse (lower plot) and non-
relapse mortality (upper plot). The plots are stacked.



Hematologic relapse
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DLI MF
80% CR

Early DLI in Myelofibrosis

Molecular Relapse in MF, n=22

11 off CSA n=5 DLl alone 4 CR 1 ongoing
n=6 DLI = No Resp - FCM DLI > 2 CR
7 on CSA CSAdiscont> 6CR

1 nCR (JAK2 0.01%)

2 being evaluated
1 patients DLI not available

1 patient (JAK<2%) = no treatment = CR Discon t CSA
>90% CR



Molecular relapse and treatment with DLI in myelofibrosis; (gemelli 2015-2023)

% surviving

100% | I I I I I I
Molecular relapse; n=28
80% - |
L1l L1 U1l | | Hill | 111 I I | ] 68%
| | | | L
No relapse; n=199 66%
60% -
40% -
20% -
0%
0 1 2 3 4 6 7

years from transplant



DLI -5 MF

# poor survival after relapse: a problem in HSCT for MF

# DLI given for molecula relapse: improved outcome

# DLI should be given pre-emptively in MF-based on
driver mutations




DLI

New ways of using DLI
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Phase | study of zoledronic acid combined with escalated
doses of interleukine-2 for early in vivo generation of Vy9Vé2
T-cells after haploidentical stem cell transplant with
posttransplant cyclophosphamide

Maxime Jullien

123@ | Thierry Guillaume®?® | Amandine Le Bourgeois® |

Human nonconventional gamma delta (y8) T-cells are part of the

innate immune system and share functional features with Thl, CD8+
T-cells, and NK-cells. In addition to inducing cytokine release and
tumor cell death, they facilitate and control immune responses through
interactions with monocytes, dendritic cells, and NK cells.® Vy9v52
T-cells represent the major subset of y& T-cells in human blood,
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MTD was not reached. A significantly hEher number of Vy9Vé2 T-cells was

observed during IL-2 treatment compared with controls. In conclusion, early in vivo

generation of Vy9Vb2 T-cells is feasible after h-HSCT by using a combination of

ZA and repeated IL-2 infusions. This study paves the way to a future phase 2 study,

with the hope to document lesser posttransplant relapse with this particular adap-

tive immunotherapy.
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Results of a phase | trial with Haploidentical mbIL-21 ex vivo
expanded NK cells for patients with multiply relapsed and
refractory AML

Stefan O. Ciurea® @ | Piyanuch Kongtim® | Samer Srour?® | Julianne Chen? |
Doris Soebbing? | Elizabeth Shpall> | Katayoun Rezvani? | Robin Nakkula® |
Aarohi Thakkar® | EllaC.Troy® | AlexA.Cash® | Gregory Behbehani® |

Kai Cao* | Jolie Schafer® | Richard E. Champlin? | Dean A. Lee®®

Am J Hematol. 2024:99:890-89%9.

clinical trial, we treated 12 patients (median age 60 years) with refractory AML

(median 5 lines of prior therapy, median bone marrow blast count of 47%) with flu-

darabine/cytarabine followed by 6 infusions of NK-cells expanded from haploidenti-

cal donors using K562 feeder cells expressing membrane-bound 1L21 and 4-1BBL.

Patients received 10°-107/kg/dose. No toxicity or graft-versus-host disease (GVHD)

was observed and MTD was not reached. Seven patients (58.3%) responded and

achieved a complete remission (CR) with/without count recovery. Median time to



The g ra ft Versus leu ke m |a ? frontiers | Frontiers in Immunology

effect: donor lymphocyte TYPE Review
. . puBLISHED 15 March 2024
Infusions and cellular therapy po1 10.3389/fimmu 2024 1328858

Katie Maurer and Joseph H. Antin* 5 Section 5: concluding remarks

Division of Hematologic Malignancies, Department of Me
Institute, Harvard Medical School, Boston, MA, United Stal

The GVL effect associated with DLI for relapsed hematologic
disease after HSCT is a clinically well-established phenomenon; yet,
response rates for most diseases remain low. Future studies are
critically necessary for determining optimal timing of DLI as well as
strategies for enhancing GVL activity. While newer combination
therapies with hypomethylating agents such as Aza or immune
checkpoint inhibitors like ipilimumab have shown promise, further
experimental evidence is needed to improve response rates and
prevent or treat relapsed disease. Further, an improved molecular



DLI —conclusions . VERY USEFUL !

# effective when given PRE-EMPTIVELY

# the crucial issue is MOLECULAR MARKERS
AML mutations (FIt3 NPM IDH) - WT1
MF driver mutations

#f Prophylactic DLI (Campath users)

# modified DLI (NK, Treg)







