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* Indications

» Cell Sources

* Donors

e Outcome
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Pediatric 1st Allogenelc HSCT
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Al LO-SCT 2022 EBMT n=19011 Pediatric ALLO-SCT 2022 EBMT n(%)= 4130 (21)

IDM, 0.9%
PID, 4%.

HG, 4% AID, 0.1%

hers, 1%
BMF, 6% Offiorg; 1%

Solid tumors, 0.2%

AML, 38%
NHL, 7.1%

Non-Malignant Disorders (NMD)

CLL, 1%/

AL, 16% .

ALL

CML, 2%

MPN, 4% _/

Malignancies: Adults 85% vs Pediatrics 46%
Non Malignancies: Adults 15% vs Pediatrics 54% (1/3 PID)

Passweg. Bone Marrow Transplantation (2024) 59:803 — 812
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Pedi/Adults ALLO-HSCT 2022: Cell Source

n (%)
BONE MARROW 2083 (50.4) / 2975 (15)
PBSC 1891(45.8) / 15474 (82.8)

CORD BLOOD 156 (3.8) / 183(1.5)

Passweg. Bone Marrow Transplantation (2024) 59:803 — 812
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ALLO-SCT in Pediatrics

1.BONEMARROW &

3.CORD BLOOD

HOW
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ALLO-HSCT in pALL

* 60% all Pediatric cancers

* 80-90% Patients Cured (Chemo/Radiation/Immune-Therapy (single or
combined)

« ALLO-HSCT is one of the option to cure High Risk/Refractory/Relapsed/

patients
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ALLO-SCT in ALL: Indications in CR1

High Risk (HR)
emission on da or]

RISK STRATIFICATION positvity for KMT2A-AFF or

positivity for TCF3- HLF' or
hypodiploidy <45 chromosomes or

° I I I I FCM-MRD in BM on day 15 = 10% and not ETV6-RUNX1 positive or
G e n et I C A I te r al t I O n S (H Ig h R IS k) IKZF1”** and PCR-MRD at TP1 positive or inconclusive and not positive for
| VO-RUNX -PBX1 or KMITZA rearr. other than KM 1 2A-A 0

at 2 5x10™ and positive < 5x10™ at TP2 -MRD or

* Response to Treatment (FCM) 4 pcruroatpzascio*or

e age < 1 year and any KMT2A rearrangement
Standard Risk (SR)

° M R D (at d iﬁe re nt ti m e pOi ntS) j%ﬁ: negative for all investigated markers with at least one marker

with a quantitative range of < 10 or
inconclusive PCR-MRD result at TP1 and PCR-MRD not positive at TP2 ana
" FCM-MRD INnBM d15 < 0.1%

Medium Risk (MR)

1 no HR criteria and no SR criteria
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ALLO-HSCT indications according to the study AIEOP-BFM ALL
2017 except infant < 1lyear pBALL and KMT2A rearrangement

PCR-MRD resuits
MRD-HR
TP1orTP2
TP2<5x10+ | 25x10% | "Se 103
<5x103 =
TCF3-HLF MMD MMD MMD MMD MMD
3 no CR d33 MD® MMD MMD MMD
:‘E KMT2A-AFF1 no MD MD MMD MD
e
2 hypodiploidy < 44 chr. or DNA index < 0.82 no MD MD MMD MD
g IKZF1plus and FCM-MRD d15 2 10% no MD MD MMD MD
; -
© | IKZF1rus and FCM-MRD d15 < 10% no no MD MMD MD
T-ALL + PPR alo FCM-MRD d15 2 10% no no MD MMD MD
none of the above features no no MD MMD no
no alloHSCT not indicated
MD permitted donor: HLA-matched sibling or non-sibling donor
MMD permitted donor: HLA-matched or HLA-mismatched donor
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ALLO-HSCT indications according to the study AIEOP-BFM ALL
2017 for infant < lyear pBALL KMT2A rearrangement

PCR-MRD results
mroTP2 | RO TFZ | MRDTP2 || noMRD
<5x10+ <5510 25x103 result
no CR d33 MD MMD MMD MD
age < 6 months and initial WBC > 300,000/pl MD MD MMD MD
age < 6 months and Prednisone Poor-Response MD MD MMD MD
none of the above features no MD MMD no

no alloHSCT not indicated
MD permitted donor: HLA-matched sibling or non-sibling donor
MMD permitted donor: HLA-matched or HLA-mismatched donor
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ALLO-HSCT : Donor

=== HLA identical sibling
100 ; 004 Unrelated BM/PBSC
— = Unrelated cord blood
075 D o 8% (45 §
- 0« 6% (5377 S 60
| 211 pts HR -B-ALL 1stCR (1990-2008) !
; w.wne | 10 year OS and DFS for patients receing §
I | HCT in CR1 were 63.4% and 61%. 3
* 'mi Years
fi 229 pts relapsed T-ALL CIBMTR 2000 - 2011
_omlin, o Feese 3 year OS and DFS for patients with relapsed
] who received a HCT in CR2 were 48% and 46%.
] “z\‘ HRark N3 1004 === HLA identical sibling
WS T _— 5 Unrelated BMW/PBSC
(H?l?:u;”t Na 7l 'j.s, o o ” ] B — — ‘Unrelated cord blood
0 5 1 @ (%
Yoars ather HSC1 % 60 *‘L.T_-.:. — e
Y Wy £ R
ol After 1999 transplant outcomes are i .
L - similar from MUD and MFDs. ¥ o
3 ] o Oo + v - t : !
é,‘j[’:_‘, Notli Eey Fagioli et al Haematologica. 2013 Aug; 98(8): 1273-1281
i 7 4 & & W Burke et al.Biol Blood Marrow Transplant. 2015 December ; 21(12): 2154-2159
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Allo-SCT for ALL in CR2 IntReALL SR2010

Timepoint of Relapse

Time-point After primary diagnosis After completion of primary therapy .
Very early < 18 months and < 6 months IntReALL SR/HRZO]—O ”Sk groups
Early = 18 months and < 6 months
Immunophenotype: B-cell precursor Immunophenotype: (pre) T
Late 2 6 months
\ Site Extramed. @ Bone marrow  Bone marrow | Extramed. Bone marrow Bone mar
. : Isolated combined isolated isolated combined isolated
Time-point\
Very early HR HR HR HR HR HR
. Early SR SR SR HR HR
Slte Of Relapse Late SR SR SR SR HR HR
Bone marrow M1 (< 5% blasts) M2 (2 5% and < 25% M3 (= 25% blasts)
blasts)
extramedullaryrelapse No No ALL relapse Requires follow up Isolated bone marrow
control relapse
Yes Isolated Combined bone marrow / extramedullary
extramedullary relapse
relapse
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ALLO-HSCT: Conditioning Regimen

Intention-to-Treat Population Modified As-Treated Population
1.0 1.0
© 4 i
- | —
3 0.6 1 0.6 1
w
- P=.0025
1+ o .
= 0.4 B 006 0.4 T8I vs. BU: P=.0009
> ' TBI vs. TREO: P=.0041
O 0.2 1 0.2 - BU vs. Treo: P=.6152
L L] 1 T 1 l L] L) L
0 1 2 3 4 5 0 1 2 3 4 5
Years Years
Atrisk 212 173 105 65 27 194 161 97 61 25
201 145 85 a7 17 96 72 38 19 5
90 67 a4 27 1
Patients Eval. Deaths 2-year OS Patients Eval. Deaths 2-year OS
TBI 212 209 19 0.91 (0.86-0.95) TBI 194 194 19 0.91 (0.85-0.94)
CHC 201 200 49 0.75 (0.67-0.81) BU 96 96 22 0.77 (0.66-0.85)
TREO 90 90 20 0.77 (0.65-0.85)

FIG 2. Primary end point: Overall survival. BU, busulfan; CHC, chemo-conditioning; CIR, cumulative incidence of relapse; EFS,

event-free survival; OS, overall survival; TBI, total body irradiation; TREO, treosulfan; TRM, treatment-related mortality.
Peters et al J.Clin Oncol. 2021 Feb 1;39(4):295-307. doi: 10.1200/JC0.20.02529 .
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ALLO-SCT in AML: WHO

Poor Risk: no international agreement:;

» Most groups define PR disease which may benefit from HCT in CR1 through a combination of
PR cytogenetics/molecular abnormalities, persistence of MRD after course 1 or 2.

« Failure to achieve CR carries a poor outcome

Intermediate Risk: The benefit of HCT in CR1 for patients with IR cytogenetics is less clear

« Patients without PR cytogenetics but with a suboptimal early response to CHT in whom:
« MRD assessment can identify those at high risk of relapse who may benefit from transplant.

Good Risk: There is no advantage for HCT in CR1 for patients with GR disease

There is no role for HCT in CR1 of acute promyelocytic leukaemia (APL) or Down syndrome
myeloid leukaemia (ML-DS).
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AIEOP 2013: RISK STRATIFICATION

STANDARD RISK (SR)

20-22%

Anomalie CBF ] (senza altre anomalie citogenetiche) e MRD < 0.1% al
- 1(8;21)(q22,922)/[inv(16)(p13q22)/t(16;16)(p13,922)

TP1

Pazienti con cariotipo normale e mutazioni di NPM-1 con MRD < 0.1% al TP1

INTERMEDIATE RISK
(IR)

50-55%

Cariotipo normale

t(9;11)(p22;g23) senza altre anomalie citogenetiche
t(1;11)(p32;q23)

t(11;19) (p13;q23)

t(16;21)(p11;q22)FUS-ERG, t(3;5)(q25;934)

Altre anomalie citogenetiche

M7 con t(1;22), indipendentemente dall’eta del paziente
Pazienti non altrimenti stratificabili a SR e HR

MRD al TP1 > 0.1% ma < 1% e con MRD al TP2 < 0.1%

In CR1: NO HSCT

In CR1 if

 Matched Family Donor
e Or

« 10/10 Unrelated Donor
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AIEOP 2013: RISK STRATIFICATION

Anomalie citogenetiche associate ad outcome sfavorevole:

Cariotipo complesso (> 3 anomalie numeriche o strutturali)

Cariotipo monosomico, (-7, -5, altro) §
t(9,11)(p22,;q23) associata ad altre anomalie citogenetiche

= Anomalie citogenetiche comprendenti 11q23 non incluse nel IR: I n C R 1 I f .
t(11;17)(q23;q21), 1(10;11)(p12;q23), t(4;11)(q21,923), (6,11)(q27,923), '
t{x:11) o hed mil

- Anomalie citogenetiche rare: M a't C e F a I y D O n O r

HIGH RISK (HR) | 1(6:9)(p23:q34), (8-16)(p11p13), (9;22)(q34:q11) 1(5;11)NUP9&/NSD1, ° U I d

e i nrelated Donor

FLT3-ITD

 Haplo

Pazienti con LAM citogeneticamente normale e con il trascritto di fusjone

CBFA2T3-GLIS2

FAB MO0, M6, M7 senza t(1;22)

Infants (esclusi | pazienti con LAM M7 con t(1,22) )

Pazienti non in remissione completa morfologica al termine del primo|ciclo

di induzione

MRD > 1% al TP1 0> 0.1% al TP2

Pazienti con criteri non-SR e WBC >100.000/CL

25-30%
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Survival after Allogeneic HCTs for Acute Myeloid Leukemia (AML),
Using Matched Donors, Age <18 Years, in the U.S., 2010-2020

Matched Related Donor

Matched Unrelated Donor

100 1 p<0.0001 100 1 p<0.0001
80 - 80 - CR1 (n=388)
= . ., S 2 1 N -
2 607 \ CR2+(n=141) £ B0 ol
-C% i .LL',_ -C% e LS
5 40 ~n 5 40 =~
= i N— . s I Relapse/Never in CR (n=10‘3)L
20 - Relapse/Never in CR (n=68) 20 -
0 A T T T T T T T T T 0 T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 9
Years Years

' o ot e B Abbreviation — CR: Complete remission.
& MARROW C

TRANSPLANT RESEARCH

78
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Survival after Allogeneic HCTs for Acute Myeloid Leukemia (AML),
Using Mismatched Donors, Age <18 Years, in the U.S., 2010-2020

Haplo Donor

100
80 1
O\° o
g‘ 60 1
=
(4]
S 40-
a
20 1
0 -I I | 1 I | 1 I I |l I
0 1 2 3 4 5
Years

‘ C | B M T R Abbreviation - CR: Complete remission; Haplo: =22 HLA antigen mismatch, MMUD:; Mismatched unrelated donor <7/8 HLA

allele match, excluding CB

Probability, %

Mismatched Unrelated Donor

100 1
80 1
60:
40

20

p=0.0004

B e o e e e e e

Years

80
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ALLO-SCT in Hemoglobinopathies

Patients transplanted for Hemoglobinopathies

Only currently available curative therapy for

§> | ~ SCD:Children ] )
--scoaduts | Hemoglobinopathies
3 Thal:Children
Y =+ Thal:Adults
s | Barriers preventing widespread application
g 8- + Lack of a suitable donor
g g  Lack of information
£~ « RIisk of early- and late-onset regimen-related
2 toxicties (i.e. rejection, GVHD, and TRM)
o . 2 y OS
| T T T | | SCD: Children 95.6 (941—966)
2010 2012 2014 2016 2018 2020 SCD AdllltS 935 (907_955)
Yoert yorspant Thal: Children 92.1 (90.8-93.2)

Fig. 80.1 Transplant activities in the EBMT registries for hemoglobinopathies in the last decade Thal: Adults 84 .4 (78. 1_89.0)
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Major Indications for HSCT in Children with SCD

1. Recurrent severe vaso-occlusive crises (VOC)
- 23 painful crises per year, unresponsive to therapy.

2. Recurrent or severe acute chest syndrome (ACS)
- Life-threatening respiratory complications.

3. Stroke or high risk for stroke
- Previous ischemic stroke or abnormal transcranial Doppler (TCD).

4. Availability of a matched sibling donor (MSD)
- Significantly improves transplant success.

Krishmahurti Hematology Am Soc Hematol Educ Program. 2021 Dec 10; 2021(1): 181-189.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8791142/
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HSCT in Children with SCD: AGE
4-year OS
""""" ST T T T T T 7777 N756pts EBMT /Eurocord MSD HSCT 1986-2017

o 4-year OS in according to age
g 0.6 Group 1 (0-5 years) (solid line): 100%,
;;_". Group 2 (5-10 years)( dash-dotted line) 95%,
:: g Group 3 (10-15years )(dashed line) 88%, (P<0.001).

0,24

0 T T T T T T T T T 1

0 6 12 18 24 30 36 42 48 54 60

Months Cappelli et al Haematologica. 2019 Dec;104(12):€543-€546.
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HSCT in Children with SCD: STEM CELL SOURCE

« Bone Marrow when available, is the preferred stem cell source, less
GVHD, better engrafment

 Umbilical Cord Blood showed a higher rate of non engraftment (led to
the premature closure of the (UCB) arm of the BMT CTN 0601

* Peripheral blood as a stem cell source has been associated with a higher
risk of chronic GVHD (cGVHD)

Kamani NR Biol Blood Marrow Transplant. 2012;18(8):1265-1272.
Eapen M,. Lancet Haematol. 2019;6(11):€585-596.
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HSCT in SCD: DONOR

Event-free survival Overall survival Graft failure
» 100 100 {_
80 80 f
£
p N= 910
a; § 60 £ 60 A: HLA-matched sibling 557
Z 2 3 B: Haploidentical relative 137
© ©
8 2 40 8 40 C: HLA-matched unrelated 111
(3] .
6. "g’ - D: HLA-mismatched unrelated 104
20 © 2 20
0 13 L [} L8 L s 0 D LS  § LS L 0 J 1 v L3 1 Fl T
Years 0 1 2 3 Years 0 1 2 3 Years 0 1 2 3
Growe Nz osh N = ngh N = mk Nunsk Gow Natrsi N msk Nt rek Naogk Geoup Natesk N mk N msh N rgh
A 5’57 ) o %; s "55" 5' 2‘5' A 557 ) &4 5N M 755 E" ‘55.‘ A 5,57 ‘.:n m .5' N ‘-n’ 275 ‘51'
s 137 0 825 81 B & 2 e B3 81 (%) RES s o 97 G 71 54 R 74
¢ mmo r”m S &35 ¢ me nran 5 & 83 ¢ mo ® W s8N S
) R 61 (1% Q@ & p 0 81 (%% Q033 X% p 14 O 8 o 5 Q ah

Worse Outcome in patients aged 213 years, RIC, no MRD
Eapen M,. Lancet Haematol. 2019;6(11):€585-596.



AIBT XXX | apoli, 1012 ott;)bre 2024

Associazione ltaliana Congresso

di Immunogenetica

e Biologia dei Trapianti N aZi 0 n a I e

Haplo-HSCT in SCD: NM-Thiotepa-PTCY

A

0] I
% C Adult cobort : n.70 Flu Cy Thio/PTCy

g o7 -

-l Peciatc cohirt : n 32 PEDI n 38 ADULTS

S 0.6 4 '
F
= 05

il o] | 2y EFS% P 68.4 A 94.7

=
o (

£ 03+

2y OS% P 93.6 A 94.7

0.1 4

00 | Censored|
00 50 1.00 1.50 2.00

Time posttransplant (years) n 62 100% Chimerism

1.0 4 - - : Pediamﬁc‘cohou 2 y mOd/SGV GVHD 10%
il Adkcoet

20;)
s

goo-

c 0.5 4

o

< 04

a

£ 03
0.2 4

014
ol I Ccnmrec!]
.00 .50 1.00 1.50 2.00

Time post-ransplant (years) Kassim et al, Blood. 2024 Jun 20;143(25):2654-2665.

n 8 Graft failure
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- ]
Haplo-HSCT in SCD: TCR aff depleted
10 10
A B q:]TCR aff */CD19* depletion o
1.0 4 s e i 1 508 | TCR af */CD19* depletion
844 (959 CI 49-96%) s CD34* selection 78% - 69%
« 084 osd LOFS Pos 206
e 699 (95% CI 37-87%) 2 4 CD34* selection
® o = B 39%
go £ 0s- % o4
= > ™
E - 8
g 04 £ 04- s O 02
2 )
= 0.24 Gmft fallure 14% (9556 CI 0-309h) 0.2 4 o0 P=0.085
0.0 '
0 2 A 6 3 10
0 .l T Y T 0.0 T T . . . . A Year; since tganspla:tation o Years since transplantation
0 500 1000 1500 0 1 2 3 4 5 1o
Days since transplantation Years since transplantation §
Tos
£
TCRaB/CD19-depleted:Graft failure (A)OS and DFS (B) Bos .
g CD34* selection 45%
S04
E e TCR af */CD19* depletion
£" 14%
“ ool ! Pe0.048
0 1000 2000 3000 4000
ComparisonTCRap/CD19-dePreted Vg “Ciy34: 0S,DF S, Graft
failure

Gaziev et al, Blood Adv. 2018 Feb 13;2(3):263-270.
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HSCT in Children with TDT: Who?

Risk factor

Inadequate
chelation
Hepatomegaly
>2 cm

Portal fibrosis

Class
1
X

X

X

Class 2 (min. 1,
max. 2)

XV

xIV

/v

Class
3

v
v
v

Class Il High Risk vs Class lll

1.0

‘M”Mm

AR AR AR R R R Clags 1] Low Risk = 64

EFS

Class 111 High Risk = 41

0.0

0 24 48 72 96 120 144 168

Time (Months)

n= 197

Angelucci E,. Am J Hematol. 2017;92:411-3
Mathews et al. Biol BMT2007, 13:889-894
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HSCT In Children with TDT: Age

L
- — - -

Matched relative

-~ = = = Matched unrelated
------- Mismatched unrelated
— = Mismatched relative

p<0.001

N=1110 B -thalassemia major aged<25 vy

A B
100 100
- ‘ .
R e -
804 § e e —m - ——- 80 - e
|y s, S Jp— -
§ 60 - 80
= J Age <6 years
§ 40 - - = = = Age 7-15 years 40 -
- = Age 16-25 years
20 - 20 -
p<0.001
0 . 0
0 1 2 3 4 5

(2000-2016)

HLA-matched related ne677 (61%)
HLA-mismatched related n 78 (7%)
HLA-matched unrelated n 252 (23%)
HLA-mismatched unrelated n 103 (9%)

Overall and event- free survival did not differ between HLA-matched related and HLA-
matched unrelated donor transplantation (89% vs 87% and 86% vs 82%, respectively)

Li et al.Blood Adv. 2019;3(17):2562—70.
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HSCT in TDT: Treosulfan Based Conditioning Regimen

: D <,
i ‘i i "I
1N MFD = 87% (55-97) :\_\ﬂ_‘ Risk class 1+2= 85% (69-93)
iy B ‘L
o 2] MUD = 82% (66-91) o 2]
g ©. ® ©- Risk class 3/adults = 81% (52-94)
& -
> o P =043 >
o ® MUD: N=40;, E=7 5 @] p=
& <] MFD: N =20; E=2 @ ©. o9
é : = Risk class 142 N=44, E=6
- O J
& Q] x Q] Risk class 3/adults N=16: E=3
o] S
3 | | , , : o
o o \ B ] T T ™
0 L c 3 4 S 6 0 1 2 3 4 5 6
YEARS AFTER HSCT YEARS AFTER HSCT
Donor MFD ubD TOT
Risk 1 12 15 27
Risk 2 4 13 17
Adults 3 9 12

Bernardo et al. Blood 2012 Jul 12;120(2):473-6.
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EN ED E3 E3 B2 B3 E3 ED EX R BN
EY £m £9 £N

‘
—
\ Sl

Pts= 83
Median Age= 12 (1-28)
Class 3 HR= 35
G.Failure= 3

Deaths= 4

Estimated probability
0.50 0.75

0.25
1

0.00
1

L 1 )

Ll L) 1
200 400 600 800 1000 1200 1400
Time (days)

3-year over-all survival

3-year event-free survival
U. Anurathapan et al. / Biol Blood Marrow Transplant 26 (2020) 11061112
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Take Home Messages

Malignancy

Risk stratification: Genetic, Response to Treatment, MRD
Achievement of MRD CR predicts outcome
TBI improves outcome in pALL

Benign (Hb pathies): outcome
DONOR

Age at Transplant (and scores)
Low toxicity regimens (Treosulfan based) improve outcome

New Transplant Platforms (Haplo)/ Conditioning Regimens — GVHD

nronhvilavxice (hanlo) can overcome the lack of donore
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