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HLA matching between donor and recipient

Early-stage disease

8/8 HLA Matched (n = 835)
/ 7/8 HLA Matched (n = 378)

Surviyva

2] 6/8 HLA Matched (n = 241)

1 Log-rank P = <. 001
.0 . T I I I 1
0 12 24 36 48 60

Months after transplant
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EBMT - study

The study included 17,292 unrelated HCTs with 6-locus high-resolution HLA
typing, between 2016 and 2020, including 1,523 transplants with PTCy

A mM Number
100 — P < .001
— — 10 of 10
g 75 4 - =90f10
a
a
[=) 50 - "-.'-'-'.'—- T T e~
| -
o
w 25 =
=,
0 T T T T ]
0 12 24 36 48 60
. Time Since Tx (months)
Number at risk
10 of 10: 13227 8750 6089 4189 2920 2040
9 of 10: 3565 2172 1524 1109 820 604
8 of 10: 500 313 206 153 111 83

mM Number
80f10 4 P<.001 D —e—
90f10 { P<.001 o
10 of 10 ¢
I i I
0.5 0.75 1 1.5

Adjusted HR and 99% ClI

Arrieta-Bolainos E- 2024 by American Society of Clinical Oncology

D

mM Class
HLA-A 4 P<.001 : —e—
HLA-B 4 P<.001 ; —e—
HLA-C 4 P=.003 —e—
HLA-DRB1 4 P —o—
HLA-DQB1 - P=.17 ——e—]
Class| H P<.001 —o—
Classll 4 P=.19 I——O—{
10 of 10 - ®
I T I 1
0.5 0.75 | 1.5 2

Adjusted HR and 99% ClI
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Does the use of PTCy improve the clinical
outcome in matched settings...?
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EBMT - study

Comparison between MUD recipients: 15630 - NO PTCy and 1523 - YES PTCy

A B 0s
E‘ PTCy yes - —e—— P-.15
© .
0 '
o E
= :
9 2Bz Overall Survival PTCy no ~ °
0 | | | | | | | l | |
0 12 24 36 48 60 0.3 0.5 075 1 15 2
Time Since Tx (months) Adjusted HR and 99% ClI

Number at risk
No 15630 10192 7160 5069 3632 2604
Yes 1523 958 597 346 192 102

Arrieta-Bolainos E- 2024 by American Society of Clinical Oncology
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m

Cumulative Incidence

Number at risk

No
Yes

EBMT - study

Comparison between MUD recipients:
15630 - NO PTCy and 1523 - YES PTCy

aGVHD IllI-IV F aGVHD llI-IV
25 7 P <.001 :
- No
a2l - = Yes
20 PTCy yes - | ® ! P<.001
15 -
10 —
| R PTCy no - 0
graft-versus-host '
disease (GVHD) grade s
0 T 1 VAL 1 T T 1 1 1
0 1 2 3 4 0.3 0.5 0.75 1 1.5 2
Time Since Tx (months) Adjusted HR and 99% Cl
15050 13794 12901 12282 11582
1465 1355 1277 1216 1085

Arrieta-Bolainos E- 2024 by American Society of Clinical Oncology

=z
Bambino Gesu
OSPEDALE PEDIATRICO



CIBMTR - study

The study included 10025 unrelated HCTs with HLA-A, -B, -C, and -DRB1 (8/8)
HR typing for acute leukaemia (70.9%) or myelodysplastic syndromes (29.2%)

Comparator Group No. of Patients HR (95% ClI) P
Overall survival

MUD-CNI 7272 Reference

MUD-PTCy 1681 0.879 (0.8-0.96) — I-I—lT .004

Posttransplant cyclophosphamide (PTCy)
Calcineurin inhibitor (CNI)
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Does the use of PTCy reduce the importance of HLA
compatibility in MUD HSCT mismatched settings...?

=z
Bambino Gesu
OSPEDALE PEDIATRICO



EBMT - study

The study included 1523 unrelated HSCTs with 6-locus high-resolution HLA typing only with PTCy

C mM Class D mM Class

100 ;
| t i
Class |

75 -

0S (probability)

50 — ' e
' Class Il 1 :
P=.003 it I| I
25 |/ — 100f 10 Onlv PTC 5
— = Class | y y : e PTCy no
--- ClassI 10 of 10 — ® + PTCy yes
0 I | I 1 | | | 1 | 1
0 12 24 36 48 60 0.5 0.75 1 1.5 2
\ . Time Since Tx (months) Adjusted HR and 99% CI
umber at risk
10 of 10 924 582 362 210 120 66
Class | 418 253 164 94 53 29
Class Il 104 67 42 26 1 1

V
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CIBMTR - study

The study included 2090 unrelated HCTs with 8/8 high-resolution HLA typing with PTCy

A PTCy
100 -
] URD HLA-7/8
URD HLA-8/8
80 -
= 60 -
=
'-5 -]
4%
9 40 GRFS
—_
= _
20 - Only PTCy
0 _l I I I I I I
0 6 12 18 24 30 36

HLA-8/8 matched 1631 pts vs mismatched 459 pts [ime (months)

Shaffer BC et al. - 2024 , Journal of Clinical Oncology
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Models for HLA mismatch that should be
considered permissive in transplantation
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B Leader
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B Leader

In exon 1 of HLA-B, the leader sequence codes for methionine (M) o threonine (T) in
position -21, giving origin to 3 possible different potential genotypes: TT, MT, or MM

Petersdorf et al.

A. GENOTYPE

MLA-A
-t
MA-C
A-B (M)
A-Co
"WA-DQ
AP

2020 Lancet Haematol

E Elul ME Em ME En
Paieret Putiert Tutiers
MM MT 14l

Taan Protelin

Lender
— *ral 080458 C (mestiorena, W) /
T thrsonine, T)

—_—a, Page de
)—im
3 — o, Negizn

Hl—oeo,
3| — Tramamerrbrane
e
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B Leader

Survey of 17100 patients HLA-matched compared with 1457 HLA-B-mismatched

Grades II-IV acute GVHD
Patients with endpoint/ Odds Ratio (95% CI) | p value | Patients with endpoint/ Odds ratio (95% CI) | p value
evaluabl patients* evaluable patients*
Leader genotype Patient | TT 264/503 10 & 111/503 10
198/371 1-11 (0-82-1-52) 0-50 114/366 164 (1-15-2-32) 0-0057
32/55 151 (0-78-2-94) 022 22/55 240 (120-4-78) 0013
Donor | TT 250/489 10 = 104/489 1-0
210/377 129 (0-94-1-76) 0-11 121/373 1-82 (1-28-2-59) 0-00094
34/63 127 (0-68-2-39) 0-45 22/62 206 (1-04-4-07) 0-038

In HLA-B-mismatched the presence of M in B-leader sequence in
patients and/or in the donor increases the risk of aGvHD grade llI-IV

V
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PBM in HLA-Class |
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Immunopeptidome

HLA Class I HLA Class I1

penide The immunopeptidome is the collection of protein fragments

Eapedaag derived from pathogens presented on the surface of the cells by
HLA molecules to be "read" by T cells, acting as the crucial
signal that defines "self" vs "non-self" for the immune system

Plasma membrane

Ce e

MHC class | moleCule MHC class | moleclle
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PBM in HLA-Class |

Polymorphism in peptide binding
domain

Comparison between different PBM can serve
as proxy for immunopeptidome divergence
and prediction of T cell alloreactivity

Meurer et al Blood 2021;

Arrieta-Bolanos E. et al, Blood 2023
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PBM in HLA-Class |

HLA-C (N=18)

HLA-A (N=44)
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» Alleles were grouped by clustering analysis of their PBM

Crivello P et al. Journal of Clinical Oncology - 2023

21 PBM groups: 7 HLA-A, 9 HLA-B, 5 HLA-C

Gfeller & Bassani-Sternberg Front Immunol 2018
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PBM in HLA-Class |

Study included 2391 patients receiving a MUD HSCT characterized by the presence
of only a single HLA-mismatch class | (9/10) between 2008 and 2018

PBM Group

Immunopeptidome PBM Status Direction

Shared Donor Recipient

PBM-x PBM-x PBM-x

PBM-y PBM-y Low divergence

High divergence Mismatch Unidirectional GVH
PBM-y Unidirectional HVG

Made a distinction between PBM with wide divergences (mismatched) and those
characterized by lower divergences (matched) between donors and recipients
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PBM in HLA-Class |

Crivello et al showed that after 9/10 UD-HSCT HLA mismatched, the presence of wide
immunopeptidome divergences in the recipient (but not in the donor - graft-versus-host
direction), was associated with a lower probability of survival

100 A
100 —— PBM-GVH miematch (n = 977)
—— PBM-GVH mismatch (n = 984) —— PBM-GVH match (n = 633)
—— PBM-GVH match (n = 636) —— 10 of 10 (n = 14,208)
80 —— 10 0f 10 (n = 14,368) 80
s 2
= o 60 -
‘s 60 [
© L0
= o
o) =)
5 = 40 A
—~ 40 - =
(%) o
o -
20 S
P <.0001 : ' : l"( .0001 l
0 1 2 3 4 5 y ! & $ % 8
. Time (years
Time (years) Iyears)
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PBM in HLA-Class |

Adjusted Overall Survival

1 -

.9 4

. More than 15000 HSCT

' i HLA-matched/older donor patients transplanted

7 =—— — — PBM-matched/younger donor

. i between 2008 and 2018
E ) HLA-matched/younger donor Wlth no PTCy treatment
3 ) confirmed Crivello’s

| ~d/older donor results, associating the

37 —————— PBM-mismatched/ d

o e OrKlg’rBM-mismatched/older donor younger_ age Of the

' donor with PBM match

14

0-

W
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48

Time from HCT (months)
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HLA-DPB1 mismatches

=z
Bambino Gesu
OSPEDALE PEDIATRICO



Permissive HLA Mismatched in MUD — HLA-DPB1

Locus DPB1 - Retrospective study on 5428 UD-HSCT (10/10)

DPB1* alleles TCE3 group Immunogenicity
0901
1001 1
1701
0301
1401 2
4501
Altre 3
|
Recipicent
171 12 1/ 23 33
111 i
D 12 permissive
0 13
n
O 22 inihniiiinizhiiziiiniziiizivioiiiiic i
r S INon-perTisgive oo permissive
— i G e
303 : R E T L E E E SRS LT i1 | permissive,

TCE Model

Fleishhauer et al., Lancet Oncol 2012

100 HLA-DF8L mached (o1 216010
Nos-perrasawe HLA-DPFES] marrwtched (=«1654) (3)
Z 80
Non-permissive | —
TCE Mismatch

Permissive
TCE Match —

—

J
0- '{ - - T T T 1
0 2 4 C g 10 1

Allelic DPB1 Match

HLA-DPB1 (T-cell epitopes [TCE]) matching or permissive
mismatching is associated with

« less acute GVHD

* better survival

* higher relapse
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Permissive HLA Mismatched in MUD — HLA-DPB1

A DPBI1 Genomic Structure ™
T Expression Model
“;““‘Tr 33087,030 35092019
cation of DPB1 Intron'5
Intron 4
5 UTF Intron 1 Intron 2 Inm‘)n 3|
m ; ? H ‘ ? | | noncoding egion| | A Donor rs9277534A
Exon 1 Exon 2 Bxond | U
Exon 3 Exon 5 (Exon 6) 1.04
33,076!000 bp 33,078‘,000 bp 33,050!000 bp 33,032,|ooo bp 33,034!000 bp 33,086,‘000 bp 33,088,000 bp 33,090,000 bp 33,092,000 bp 0.94
0
I 0384
6 o7
74
8 | e seeneenaene Reciplent r$9277534G
3 06
. P<0.001 ¢ ; e Recipient rs9277534A
50 5 05 2 o~
,)'/
8 g o o~
& 40 2 (3 S P<0,00]
o 3 -
a. g 029 S
x a ¥
w 30_ O _.< -
<< ]
E 0.0 === T T T T
t 204 0 20 4 60 30 00
;l.)‘ | Days since Transplantation
o 104 No. of Recipients at Risk
Recipient rs9277534A 413 335 267 230 219 21
o_ Recipient 1s9277534G 481 343 245 201 193 184
rs9277534

Donor A - Recipient A: less incidence of aGvHD

Polymorphism of A vs G in gene Donor A - Recipient G: more incidence of aGvHD

rs9277534 influence the expression

of molecules produced by DPB1
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Permissive HLA Mismatched in MUD — HLA-DPB1
TPHE

Combination of TCE-Permissive and High Expression

RFS

HLA-DPB1 mismatches improves clinical outcome

P=0.007

—— Allele Match
- -~ Other Mismatch
~~~~~ TPHE Mismatch

Months since Tx

A
100
2
= 754
®
fio]
o
a 50
T
2
g 25
n
0
0

Allele Match: 1447
Other Mismatch: 2097
TPHE Mismatch: 580

Petersdorf et al - Haematologica, 2023
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IMMUNOPEPTIDOME
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MHC class Il molecules

=z
Bambino Gesu
OSPEDALE PEDIATRICO




Permissive HLA Mismatched in MUD — Immunopeptidome in DPB1

TCE-1 TCE-2 TCE-3
- - - - - - N
=} ) =) o) =) o o 60%
HLA-DPB1* & e 8 3 S 3 g B
DPB1* alleles TCE3 group Immunogenicity 09:01
0901 TCE-1
1001 : 1001 [TEEH
1701
0301 TCE.2 03:01 5,1 3,9 .
o ? 06:01 3,3 23 13,9 0%
02:01 2,2 1,4 2,1 1,2
Altre 3 TCE-3 04:01 1,2 2,1 10,1
| 04:02 1.1 2,3 18,3 26,2

Meurer’s group investigated the diversity of peptide repertoires within the different TCE groups
in a model of specific permissive vs non-permissive HLA-DP allelic variant combinations
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Permissive HLA Mismatched in MUD — Immunopeptidome in DPB1

Permissive mismatch Nonpermissive mismatch

e ~ ~— ~
g HLA-DPB1:peptide g g HLA-DPB1:peptide g

TCE3/3 (permissive) TCE3/1 (nonpermissive) 0 0 O 0
31.2% 0.5%
v v
Immunopeptidome analysis Immunopeptidome analysis
1881 e
High peptivde overlap Low pep(:ie overlap

DP401 DM DP402 DM DP401 DM DP10 DM . “

~ ~ ~
~ b -~ g3
-~ -~ -~ -~

v v
Limited T-cell alloreactivity Strong T-cell alloreactivity
@ @@
: :
o @@ Y% 900
) ~
0% @@

High peptide overlapping in
permissive DPB1 vs low peptides
overlapping in non permissive DPB1

Resulting in different frequency and
diversity of alloreactive TCR-B
clonotypes in transplanted patients
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Permissive HLA Mismatched in MUD — Immunopeptidome in DPB1

Alleles of “core” TCE3 group showed to have a similar bound-peptide motifs (PBM) and immunopeptidome overlapping

A Minimum variance S
*09:01 ]
*10:01 |~ TCE group 1
*17:01 | - o P RR
*20:01 7 Original TCE classification New TCE model
206:01! | —opemsmmegyy ST et AWEEE e
*14:01 [~ TCE group 2 4 1
*03:01 Groups HLA-DPB1 | | Non- :
*15;01 1 *09:01 *10:01 *17:01 | | permissive MM _ | !
d 2  *03:01 *14:01 *45:01 . J
*05:01 Core TCE3 I I
*02:02 |- TCE group 3 3 *01:01 *02:01 *02:02 *04:01 *04:02 DPB1+02:01, *04:01, | 1| €°e. . vy F———> Reduced GVHD
— *19:01 [ “non-core *05:01 *06:01 *11:01 *13:01*15:01 " | +04.02, *23:01 § Lalatraii :
| *16:01 *19:01 *20:01 *23:01 *46:01 ! | Reduced relapse
I I
*02-01 7 Ss \ ! ! without
*828; e ground Immunogenicity Non-core TCE3 : Non-core ,l‘/ significant NRM
: | All others issi
0401 |~ “core” L e ™ Wvo

TCE3 “core” alleles showed a significantly weaker (18.5%) T-cell alloreactive response from permissive donors
compared with common “non-core” alleles (29.2%); P .001; demonstrating the functional relevance of the clustering
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Haploidentical HSCT
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Is HLA compatibility still relevant in
haploidentical settings...?
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HLA Compatibility in Haploidentical

NRM
OS s 4
8 - .
i ~Low mismatch 0 —Low mismatch
~High mismatch N —High mismatch
R 3
b & 8
% 8 1 _‘_FI_J
O B
g v . T g -
$° g
S £ =
) “Q | 8
o g |
g "
O T T T T T T T T T T - T T
0 1 2 3 4 5 6 0 1 2 3 4 - 6
a Years since transplant b Years since transplant

OS and NRM In univariate analysis having more HLA differences was not associated with worse OS or with
increased NRM irrespective of whether they were analyzed as discrete (either 0 to 2 versus 3 to 4 and 0 to 3 versus
4 mismatches) or continuous variables.
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HLA Compatibility in Haploidentical

Mismatched 5/10 (928, 65%) or 6/10 (314, 22%) for HLA-A, -B, -C, -DRB1 and -DQB1

HLA-B leader and overall survival HLA-DRB1 and relapse
100 -

HLA-DPB1 and overall survival
100 4

p=0.0025 p<0.0001 100 A 0=0.0028
E S E =0.
1] 1 Non-perm issive GVH mismatch (n=102)
- 804 2 80 | P!
Z Match (n=871) é = 80
-— g i ] ‘2\ -
= = Z
< 604 ‘> 604 = 60
= = g ¥ S
g_ T Mismatch (n=553) = No: GV mismatch =1 4 g_ No non-permissive GVH mismatch (n=570)
=}
T 40 £ 40~ 8 404
3 1 3 i g |
=2 g i < 20 4
< 20 5 20 GVH mismatch (n=1188)
= J
=2 a
04
0 T T T T T T T o -l T T T T T T 0 1 2 3
0 1 2 3 0 1 2 3 Years
Years Years

The clinical outcome has been associated in these patients with matched or
mismatched condition for single loci, and not for the total of the mismatched loci
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HLA Compatibility in Haploidentical

Mismatched 5/10 (928, 65%) or 6/10 (314, 22%) for HLA-A, -B, -C, -DRB1 and -DQB1

Overall survival Disease-free survival
. 100 -+
= p=0.028 p=0.0058
o 804 = 80 -
= £
2 40 =z
< =)
- =
T 404 2 401
3 No HLA-DRB1 GVH mismatch, B-leader match (n=153) 8. . ; e S
2 o] NeRAD1 Gt e 062 T ] A ot e et
HLA-DRB1 GVH mismatch, B-leader match (n=716) | HLA-DRB1 GVH mismatch B-I;ader match (n=704)
HLA-DRB1 GVH mismatch, B-leader mismatch (n=491) : HLA-DRB1 GVH mismatch, B-leader mismatch (n=484)
0 A L] L) L) L] L] 1 L] d v v v v v v
0 1 2 3 0 1 2 3

Years , Years

4 transplant groups by the presence of concurrent (mis)matching for the HLA-B leader and HLA-DRB1
Best combination: HLA-B leader match and HLA-DRB1GvH mismatch
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Eplet mismatches
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Eplets mismatched

An antibody binds an epitope of an HLA antigen .

A Epitope 2
Epitope 1 - N

Antigen o

| Epitope 3

Antibody directed vs
epitope 3

From: Clinical Relevance of H&I in solid organ transplantation. ESHI

(EuropeanSpecialisationin H&I) Diploma. EBTI.
Sebastiaan Heidt. Leiden University Medical Center

EPLETS

Essential components of HLA epitopes recognized by antibody
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Cumulative incidence

Eplets mismatched

Relapse: Class Il GvH EM

1.0 4
= A below median
= = B, above median
0.8 + HR=0.46, p=0.005
0.6 4
0.4 4
_' - -
0.2 - =
__r
|
]
0041

0 180 360 540 720
Days post transplant

Probability of survival

RFS: Class Il GvH EM

1.0 4
= A. below median
= = B. above median
0.8 - HR=0.67, p=0.040
064 %=,
L L |
=
0.4 - T
==
0.2 -
73 31 18 14 8 A
75 43 31 17 8B
0.0 -

0 180 360 540 720
Days post transplant

Higher EM levels for HLA class Il alleles have been associated with a reduced risk of
relapse and relapse-free survival in 158 patients treated with HSCT haploidentical

Rimando J et al. — Blood Advances, 2018
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Eplets mismatched

s Impact of eplet mismatched in 278 haploidentical HSCT

in human leukocyte antigens i ciated with
tical stem cell transplan

Piyanuch Kongtim,? M Y1 Yucith Carmazzi' Gabrila Rondon,” Samer Srour” David Partiow."
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Eplets mismatched
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mismatch algorithms in haplo-HSCT
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TCRaR/CD19 cell-depleted HLA-haploidentical transplantation to treat
pediatric acute leukemia: analysis on a cohort of 213 children
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Eplets mismatched

Our experience in OPBG in a group of pediatric patients after haploidentical HSCT
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How should the presence of anti-HLA antibodies
in the recipient influence donor selection?
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Haploidentical HSCT and donor-specific
anti-HLA antibodies (DSA)
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Haploidentical HSCT and donor-specific
anti-HLA antibodies (DSA)

116 AML, ALL and MDS patients who were negative for pre-existing HLA antibodies
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Haploidentical HSCT and donor-specific
anti-HLA antibodies (DSA)

37 patients affected by malignancies with DSA were treated with a desensitization
protocol before haplo-HSCT and compared with a group of 345 patients with no DSA

G Cox proportional hazards regression for overall survival H Cox proportional hazards regression for overall survival
1 il
8 1 8 4
g .6 h l.=. E _6 il I-_‘.
= = = T '
2 44 ' 2 4 :
2 - 9 -
SHR 4.09, P value 0.010 SHR 5.82. P value 0.001
0 1 0 -
T T T T LI L] T T T T T L]
0 20 40 60 80 100 0 20 40 60 80 100
Months after transplant Months after transplant
No DSA —— DSA<10,000 MFI No DSA —— C 19 Negative after desensitization
—— DSA 10,000-20,000 MFI DSA>20,000 MFI ——— C 1q positive after desensitization

™=

Ciurea S. et al - 2021 Blood advances Bambino Gesu
OSPEDALE PEDIATRICO




Haploidentical HSCT and donor-specific
anti-HLA antibodies (DSA)
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New EBMT recommendations

Title: HLA matching in contemporary haematopoietic cell transplantation:

recommendations from the EBMT Practice Harmonisation and Guidelines
Committee
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Conclusions

* HLA compatibility, with 10/10 is better than 9/10

« Use of PTCy increases the probability of higher overall survival in MUD

- Still debating the importance of HLA matching in MUD after the use of PTCy

+ Differences in the PBM need to be considered

* Role of eplet matching after haploidentical HSCT needs to be further investigated

* Presence of anti-HLA antibodies (DSA) and C1q is detrimental in haploidentical HSCT settings

« Use of artificial intelligence will probably help in the choice of the best donor for each patients
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