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Introduction

Allogeneic stem cell transplantation 1s a curative
therapy for a variety of hematological
malignancies

Donor T-cells recognize alloantigen on leukemia
cells and can eradicate them (GVL effect)

However, donor cells can also cause graft-
versus-host disease.

HLA matching of donor and recipient 1s crucial
for optimal transplantation outcome.
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Selective Expression of HLA

Nucleated cells
Platelets

Higher expression
levels on B cells than

T cells
Not on RBCs

Constitutively on APCs:

B cells, Dendritic
cells, langerhans cells

Myeloid cell lineages

Expression can be
induced 1n other cell
lineages

HLAA,B, C

HLA DR, DQ
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Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression

Separator Field Separators

HLA-A*02:101:01:02N

HLA Prefix Field 4; used to show
differencesin a
Fiepm 1; ‘ non-coding region

Field 2; specific HLA protein
HIGH

LOW .
OL UTHeld3: used to show a synonymous DNA
RESOLUT&%& substitution within the coding region
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Matched sibling donor (MSD)\
Matched related donor(MRD

HLA-matching

Mother Father

25% chance of
identical sibling

R R R R

Haploidentical Patient Incompatible Haploidentical identical
sibling sibling sibling sibling




Syngeneic donor

e Uses stem cells from an identical twin.

» Extremely low risk of GVHD due to
complete genetic 1dentity. However,
syngeneic transplants lack the GVL effect,
resulting 1n higher relapse rates compared to
allogeneic transplants



l1-antigen mismatching

e Recombination

1-2% of families
Father a A1-B8-DR3 — a” AI1-B8-DRI15
b A31-B18-DR15
Mother ¢ A2-B51-DR11
d A11-B27-DR2
Patient a A1-B8-DR3 Sibling a” A1-B8-DRI15
c A2-B51-DR11 c A2-B51-DR11
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ISRAEL

CYPRUS

GERMANY

POLAND

PORTUGAL

UK

USA

BRAZIL

AUSTRIA

NETHERLANDS

Total 1,145,683

HLA ABDR typed donors / 10,000 inhabitants




DIVERSITY NEEDED

PERCENTAGE ABLE TO FIND A MATCHING DONOCR

29% 4% 48% 60% 19%

(v) (8) (2) (2) (m

AFRICAN AMERICAN / ASIAN / PACIFIC HISPANIC / LATINO NATIVE AMERICAN
BLACK ISLANDER




P9011XDINT 27N N

Conventional / preferred sources

Matched sibling donor (MSD)\ matched  6/6, 8/8, 10/10, 12/12 Less disparity
Matched related donor (MRD)

Matched unrelated donor (MUD) matched 6/6, 8/8, 10/10, 12/12 Random

“Alternative” donor sources

Mismatched unrelated donor Incompletely matched > 1 mismatch major Random
(MMUD) HLA

Umbilical cord donation (UC)  More tolerant of m/m 4-6/6 Random

Haploidentical related donor (HRD) 50% unmatched ~3/6, 4/8, 5/10, 6/12 Less disparity




Number of 15t Cellular Therapies Reported to CIBMTR in the US
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Number of Allogeneic HCTs in the US by Donor Type
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Relative Proportion of Allogeneic HCTs in the US by Donor Type
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Number of Allogeneic HCTs in the US by Donor Type, Adults
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Relative Proportion of Allogeneic HCTs by Donor Types in the US by
Recipient Age, 2019-2023

m MRD ® Haplo = MUD = MMUD ucCB
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Abbreviations: MRD, matched related donor; MUD, matched unrelated donor; Haplo, = 2 HLA antigen
mismatch; MMUD, mismatched unrelated donor < 7/8 HLA allele match; UCB, umbilical cord blood. CIBMTR.org 9
Excludes other mismatched related and unknown.




Mehta RS, et al
Haploidentical versus
Matched Unrelated versus
Matched Sibling Donor
Hematopoietic Cell
Transplantation with Post-
Transplantation
Cyclophosphamide.
Transplant Cell Ther. 2022
Jul

144

D: Overall survival

HR 2.2 (95% CI 1.6-3), p<0.001
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Rieger, M.J., Stolz, S.M.,
Muller, A.M. et

al. Haploidentical
transplant with
posttransplant
cyclophosphamide vs
matched related and
unrelated donor
transplant in acute
myeloid leukemia and
myelodysplastic
neoplasm. Bone
Marrow Transplant 58,

1121-1129 (2023)

Cumulative Incidence
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Post-
Transplantation
Cyclophosphamid
e-Based
Haploidentical
Transplantation
as Alternative to
Matched Sibling
or Unrelated
Donor
Transplantation
for Hodgkin
Lymphoma: A
Registry Study of
the Lymphoma
Working Party of
the European
Society for Blood
and Marrow
Transplantation. J
CO (2017)
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e 25 year old man with MDS

 Related or unrelated donor?



Table 3. Clinical features prompting consideration of clinical testing for a germline
predisposition allele(s)

Clinical features
Personal history of =2 cancers, one of which is a hematopoietic malignancy (order does not matter)

Personal history of a hematopoietic malignancy plus:
« Another relative within two generations with another hematopoietic malignancy, or
Another relative within two generations with a solid tumor diagnosed at age 50 or younger, or
« Another relative within two generations with other hematopoietic abnormalities

Presence of a deleterious gene variant in tumor profiling that could be a germline allele, especially if that vanant is

present during remission®

Age of diagnosis of hematopoietic malignancy at an earlier age than average (eg, MDS diagnosed <40 years)
Germline status of a variant is confirmed by

Its presence in DNA dernived from a tissue source not likely to undergo somatic mutation frequently (eg, cultured
skin fibroblasts or hair follicles) AND at a variant allele frequency consistent with the germline (generally
considered between 30-609

lts presence in at least two relatives at a vanant allele frequency consistent with the germline
MDS, myelodysplastic syndrome

® Certain gene alleles (eg, CHEKZ 1200T and truncating DDX41{ varants) are overwhelmingly likely to be
germline and should prompt consideration of germline testing when identified even once.

E CHO)Preceptorship

EMPOWERING CHANGE IN HEMATOLOGIC ONCOLOGY




Alternative donors

Mismatched unrelated donor
Haplo-1dentical
Umbilical cord blood



Mismatched unrelated donor(MMUD)

9-10% lower overall survival with each additional mismatch

Match n Survival (CI) RR (CI)

P-value

8/8 1840 52 (50-54) 1.00

7/8 988 43 (40-46) 1.25 (1.13-1.37)

6/8 633 33(30-37) 1.65 (1.48-1.84)

No difference between alleleic and antigeneic mismatch

B and C mismatches are better tolerated than A/ DR in BM
C mismatches are less well tolerated after PBSC
Difference 1n survival 1s dependent on disease status




Haplo donor

* A related donor who shares one haplotype with the
patient

« Any 1° relative, sibling, parent or offspring
29 or 39 relatives

* Almost every patient has a readily avaliabale
haplo-identical donor



Early studies

Early studies in the mid 70" and early 80™ explored
haplo donors using the same transplant platform as for
HLA-matched siblings

An 1ntense bi-directional allo-responses 1n both the
HVG and GVH direction were seen

These resulted 1n high rates of graft failure (~30%) and
high rates of severe acute GVHD (>50%) resulting in
high rates of NRM (~70%) and low rates of LFS
(<20%).

Haplo BMT was deemed associated with prohibitive
toxicity and was largely abandoned.



Methods to improve immune reconstitution are highly sophisticated, cumbersome,
require very specific expertise and costly. They are therefore limited to very
specialized centers.

Non-T depleted Haplo-identical transplant

Chinese approach: G-CSF primed non-T depleted bone
marrow with intensive pre- and post-transplant immune
suppression.

Baltimore/ Seattle approach: Post-transplant
cyclophosphamide
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Alternative donors for allogeneic hematopoietic stem cell transplantation
In poor-risk AML in CR1

Jurjen Versluis," Myriam Labopin,” ® Annalisa Ruggeri,*® Gerard Socie,”® Depei Wu,” Liisa Volin,'” Didier Blaise,'' Noel Milpied,'
Charles Craddock,'® Ibrahim Y akoub-Agha,'* Johan Maertens,” Per Ljungman,'® Anne Huynh,'” Mauricette Michallet,'® Eric Deconinck,'®
Patrice Chevallier,”” Jakob Passweg,”’ Fabio Ciceri,”* Mohamad Mohty,>* Jan J. Cornelissen,'™ and Arnon Nagler,>*®* on behalf of the

Acute Leukemia Working Party of the European Society for Blood and Marrow Transplantation (EBMT)
Blood Adv 2017

6545 patients with poor-risk AML in CR1
Transplanted 2000-2014.

MRD 3511 pts
10/10 MUD 1959 pts
9/10 UD 549 pts

Haplo 193 pts
UCB 333 pts



Alternative In poor ris
MRD and 10/10 MUD may be still preferred

Key Points

* The preferred donor for
patients with poor-risk
AML in CR1 pro- MSD
ceeding to alloHSCT Haplo

include MRD or 10/10 MUD 10/10
MUD. S
s Alternative donors are

9/10 MUD, UCB grafts,
and especially haplo,
but sufficient numbers
and follow-up to define
a hierarchy are lacking.
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Haplo 193 85 .
Cox LR P<.0001 Overall survival




Mehta RS, et al
Haploidentical versus
Matched Unrelated versus
Matched Sibling Donor
Hematopoietic Cell
Transplantation with Post-
Transplantation
Cyclophosphamide.
Transplant Cell Ther. 2022
Jul

144

D: Overall survival

HR 2.2 (95% CI 1.6-3), p<0.001
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Reduced-intensity regimens
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Alexander Ambinder et. Al. HLA-matching with PTCy:
a reanalysis of a CIBMTR dataset with propensity
score matching and donor age, Blood Adv, 2022, American Society o Hematology

Helping hematologists conquer blood diseases worldwide

Copyright © 2023 American Society of Hematology




COMPLICATIONS

* Cytokine release syndrome
 Cardiotoxicity

 Hemorrhagic cystitis
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Donor-specific anti-HLA antibodies
(DSA)

e The presence of donor-specific anti-HLA
antibodies (DSA) is associated with a 10-fold
increased risk of graft failure in haploidentical
stem cell transplantation (haplo-SCT). Consensus
guidelines from the European Society for Blood
and Marrow Transplantation set a mean
fluorescence intensity (MFI) >1000 as a cutoff for
DSA positivity. In the absence of an alternative
donor, it is recommended that patients undergo
desensitization therapy, especially with high DSA
levels (>5000 MFI)



The incidence of graft failure in the setting of PT-Cy-based
haplo-HSCT, ranges from 0 to 30%.

Antibody-mediated rejection (DSA) appears to be one of
the principal mechanisms of primary graft failure.

In adult patients with hematologic malignancies, the
prevalence of anti-HLA antibodies can be up to 40%;
however, not all of these anti-HLA antibodies are directed
against donor HLA antigens.

In haplo-SCT, the prevalence of DSA may range between
10% and 21%. The prevalence of DSA is lower in male
recipients (5%) compared with female recipients (86%) ,
because pregnancy is a cause of these antibodies.



What’s New?

* Cyclophosphamide dose
« ATG+PTCy

* Desensitization protocols



Who is the best donor for a related HLA haplotype-mismatched
transplant?

Yu Wang,' Ying-Jun Chang,! Lan-Ping Xu,! Kai-Yan Liu,' Dai-Hong Liu," Xiao-Hui Zhang,! Huan Chen,! Wei Han,’
Yu-Hong Chen," Feng-Rong Wang,' Jing-Zhi Wang,' Yao Chen,’ Chen-Hua Yan,' Ming-Rui Huo,' Dan Li,’
and Xiao-Jun Huang'

Blood 2014

Key Points Analysis of 1210 transplants

* There is a need to identify in Beijing
the best HLA haplotype-
mismatched related donor.
Use of young, male, NIMA-

mismatched donors results in
the best survival after HLA
haplotype-mismatched
related donor transplants.
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Table 4. Proposed algorithm for donor selection in haploidentical
hematopoietic stem cell transplantation (based on GVHD and NRM)

Selection order

Donor source

Most preferred
2nd choice
3rd choice
4th choice
The last choice

Child, NIMA-mismatched

Younger brother, NIMA-mismatched
Older sister, NIMA-mismatched or Father
Older sibling, NIPA-mismatched

Mother

Yu Wang et al. Blood 2014;124:843-850

©2014 by American Society of Hematology
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Umbilical cord blood

transplants in adults



Healthy
newborn




Umbilical cord blood; properties

Higher proportion of primitive stem cells than bone
marrow

Higher potential for expansion and proliferation

T-cells have a naive and immature phenotype and decreased
cytokine production.

Engraftment possible with 10-fold lower number of cells.
GVHD risk 1s lower despite wide HLA-mismatching.
GVL not different.




CBT - advantages

Rapid availability

Allows donor-recipient disparity (4/6 vs 10/10)
Reduced risk for GVHD

Low risk for transmission of infectious diseases

No risk to donors



CBT - disadvantages

Limited cell dose, slow engraftment, higher risk for
graft failure.

Inability to obtain additional collections.

Less long-term experience



TRANSPLANTATION

Double unrelated umbilical cord blood vs
HLA-haploidentical bone marrow transplantation:
the BMT CTN 1101 trial

Ephraim J. Fuchs," Paul V. O'Donnell,* Mary Eapen,® Brent Logan,* Joseph H. Antin,” Peter Dawson,® Steven Devine,” Mary M. Horowitz,*
Mitchell E. Horwitz,® Chatchada Karanes,” Eric Leifer,™ John M. Magenau,” Joseph P. McGuirk,'? Lawrence E. Morris,"® Andrew R. Rezvani,™
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B valee: log rank=0.70 Cox=0.65 F value: log rank-o) 001 Gox=0,002

n& 07

g

Cumulative inckence af relapse
umislatiie incidence of NRM

=

|
1 L ]

Tirres foim FANSplENT {saars) Tirna froen branaplant (years)

number ol al-isk palianis P of b gk papent

o 58 an E a7 53

g -£3 AT 2 o

umulative incidence of relapse (@) and NEM (b) by C tients at risk for the event are included below each
graph. Hapkidentical tmnsplantation (Haplo) and single umbilical cord blood tmnsplantation (LBT)

L

o =

.\,

|._"\-\ 3 wulwn by ek s DN Comed 051 hh\'\_ P gl ey ars o S 1- Proshes o rankal D08 o= HKG

" _\_\""‘\. Y i

- | % e,
b Te— k o, -
- \ : =
-y — - y e— . - ™, L
¥ " - - S
i L . —
4 . ' Yy —
] x -
B "
[ . —
1 H _—
- - —
3 —_—
- i s il s e
ani g - Amrar e e Ay - ol e
—_— - - 3 S 2

Fig. 2 The estimated probability of overall sunsival (a), leukemia-free survival (b), and GRFS (€) by donor type. The numbers of patients at risk for
the event are incduded below each gaph. Graft~vesus-host dissase—free elapsefee sundval (GRF), haploidentical tmnsplantation (Haplo), and
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Strategies for Facilitating Engraftment in CBT

= The main obstacle for successful CBT is short term
engraftment (long term engraftment is well established)

= Current available approaches:

Expansion of CD34+ progenitor cells: HGF
HGF in conjunction with differentiation blocking agents

Simultaneous infusion of CB and highly purified
haploidentical CD34+ cells

Co-transplantation of CB and mesenchimal cells
Intraoseous CBT
Co-transplantation of more than one CB unit



MUD CB Haplo

Donor availability Limited frequent Unlimited

Mismatches Mismatches

tolerated poorly | tolerated well
Time availability slow Relatively rapid | rapid
engraftment good Major obstacle Good

(regimen dep.)

GVHD frequent Less frequent ~MUD
Immune reconstitution | Relatively rapid | slow Major obstacle
ON Similar?
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Matched sibling donor i1s
generally the 15 choice
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Recommended donor choice algorithm for adults with intermediate or high-
risk AML with an indication for allogeneic HCT

Patient with intermediate or high-risk
AML in CR or active disease
l Yes
If urgent alloHCT indicated, consider omitting Transpl
MUD search and proceed to haploHCT.
an am am = l No
Yes
! T
l l No. Or if urgent transplant is needed.
Haploidentical ucs 9/10 MMUD
* Tcell-deplete or * Single or double unit * Limited comparative
unmanipulated graft * Limited comparative outcomes data between
* Rl or MA conditioning outcomes data to 9/10 MUD, Haplo, and
* BM or PB stem cells haploHCT UCBT.
* Feasible in older adults * Phase Il randomized trial * Possibly less preferred as
* Selection of “Best” to UCBT or HaploHCT to haploidentical donor.
haplo ongoing (NCT01597778)
donor




Additional considerations in donor

selection
Donor age

Gender and parity

CMYV status

Blood type

Extended typing: HLA DP, DRB 3/4/5

Donor specific HLA antibodies (for mismatched
donors)



A 65 year old man with AML needs allogeneic SCT
He has a 70 year old health HLA-matched sister

A 22 year old 10/10 matched unrelated male donor 1s also
1dentified.

Who is the best donor?

CHIP 16% of donors> 55 years, similar survival

Young (<35 years) haploidentical versus old (235 years) mismatched
unrelated donors and vice versa for allogeneic stem cell
transplantation with post-transplant cyclophosphamide in patients
with acute myeloid leukemia in first remission: a study on behalf of
the Acute Leukemia Working Party of the European Society for Blood
and Marrow Transplantation BMT AUG 2024



Adjusted NRM Adjusted RI

1 2 1 2
Time from transplant (years) Time from transplant (years)

Donor type number of at-risk patients Donor type number of at-risk patients
— MUD 621 344 205 12 — MUD 1 344 205
— MMUD 390 236 143 90 MMU 0 236 143

Adjusted LFS Adjusted OS

1 2 1 2
Time from transplant (years) Time from transplant (years)

number of at-risk patients Donor type number of at-risk patients
344 205 — MUD 2 386 232
236 143 90 — MMUD 390 259 158
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Adjusted NRM Adjusted RI

1 2 3 1 2
Time from transplant (years) Time from transplant (years)

number of at-risk patients number of at-risk patients
331 196 22 30y 55 331 196
249 152 94 3 457 249 152

Adjusted LFS Adjusted OS

Survival rate

1 2 3 1 2
Time from transplant (years) Time from transplant (years)
Donor age number of at-risk patients Donor age number of at-risk patients
4 331 196 22 <30y 0

249 152
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“I can’t believe you’d accuse us of age
discrimination. At your age, you ought
0 know i

Better to be young, at least as a donor




GENDER

e Allo-HCT from female donors to male recipients (female-to-male
allo-HCT) is a well-established risk factor for inferior survival
outcomes in allo-HCT using bone marrow or peripheral blood.

e The inferior survival in female-to-male allo-HCT is probably due
to greater incidence of chronic GVHD and non-relapse mortality

e The biological explanation is that naive female-donor
lymphocytes recognize several proteins encoded by the Y
chromosome of a male recipient, which are called H-Y minor
histocompatibility antigens.



Cl of Relapse

Amit Kalra et. Al Impact of Donor
and Recipient Cytomegalovirus
Serostatus on Outcomes of
Antithymocyte Globulin—
Conditioned Hematopoietic Cell
Transplantation, Biology of Blood
and Marrow Transplantation, Volume
22, Issue 9, 2016,Pages 1654-1663

CMV STATUS
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ABO MISMATCH

Blood Type

Recipient Donor

Bidirectional




1Ismatch

Major

Major
Major

Minor
Minor
Minor

Bidirectional A
Bidirectional B

Consequence

« Acute hemolytic episo

« Delayed RBC engraftment
« Pure red blood cell aplasia
# Delayed granulocyte and
platelet engraftment

e Acute hemolytic episode
» Delayed hemolysis
secondary to passenger
lymphocyte

syndrome

« Combination of major and
minor consequences

« Transfusion of incompatible red blood cells
« Recipient anti-donor isohemagglutinins

« Loss of immature stem cells from processing
with ABO antigens expressed on granulocytes
and platelets

« Donor plasma with elevated
isohemagglutinin titers/small blood volume
recipient

» Passenger lymphocytes producing
isohemagglutinins

« Combination of major and minor etiologie

‘otential Interventions

# Red blood cell reduction of stem cell
product

« Therapeutic plasma exchange in
recipient to reduce isochemagglutinins
before transplantation (uncommon in
United States)

#« Promote donor erythropoiesis via
erythropoietin administration

# Plasma reduction

« Continual clinical monitoring between
days +5 and 15 for signs/symptoms of
hemaolysis (including laboratory
monitoring with LDH, bilirubin, CBC,
DAT)

« Combination of major and minor
interventions




Non-Relapse Mortality Diseaase-Free Survival Overall Survival
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Bone marrow vs. peripheral blood

 Bone marrow as a stem cell source 1s associated
with a significantly lower risk of cGVHD and
extensive cGVHD compared to peripheral blood
stem cells, with similar overall and disease-free
survival rates.

* Peripheral blood stem cells (PBSCs) offer the
advantage of faster neutrophil and platelet
engraftment and lower risk of graft failure.

* AGVE

rates may also be modestly increased

with PBSCs, though the difference 1s less
pronounced



Rocha, V., Labopin, M., Raiola,
A.M. et al. Use of bone marrow
cells 1s associated with improved
outcomes when compared to
peripheral blood stem cell after
haplo-identical transplants with
post transplant
cyclophosphamide, a study from
of the CTIWP-EBMT. Bone
Marrow Transplant (2025

a cumulative incidence (CI) of
grade II-IV acute GVHD, b. CI
of cGVHD, c. probability of

GRFS by BM versus PBSC graft.
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Conclusions

The last decade has seen significant advances 1n alternative donor
transplant such that almost every patient can find a donor.

A haploidentical donor 1s easily and rapidly available.

Non T- depleted haploidentical transplant, in particular with
PTCy emerged as a widely feasible strategy.

Will haplo-transplant ultimately replace MUD?
Relapse remains a major problem after transplant.

Randomized studies are required to determine the best alternative
donor and the transplant platform.



Thank you for your attention

Vered.stavi@gmail.com
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