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Overview

x HSC'ls potentially curativefor a variety of malignant&
non-malignanthematopoleticdiseases

X Preparativeor conditioning regimens are part of the
procedureto achieve2 goals
Almmuno-ablationto preventgraft rejection
AReducethe tumour burden

x Supralethal dosesof TBland chemotherapeuticagents
with non-overlappingtoxicities

x Immunologicreactionsof donor cellsagainstmalignant
host cellssubstantiallycontributedto the effectivenesf
HSCT

X RIC& NMA make HSCTapplicableto older/ medically
unfit patients



Conditioning Regimen

X Theprimaryobjectivesof the conditioningregimenare threefold:

AMyeloablation: Destruction of the NB O A L&xiStigigth€h#atopoietic system,
especially in the setting of malignancy, to eradicate diseased or clonal
hematopoieticcells

Almmunosuppression Suppressionof the host immune system to prevent
rejectionof the incomingdonor graft, particularlyin allogeneidransplants

AMarrow SpaceCreation Eliminationof host hematopoieticcellsopensphysical
niches within the bone marrow, facilitating the homing and engraftment of
donor-derivedHSCs

x Theeffectivenesf stemcellengraftmentis directly linkedto the depth
of Immunoablationand nicheavailabllity

AWithout adequate suppressionof host immunity, allogeneic grafts may be
rejectedthrough host-versusgraft immmuneresponses

AConverselyjnsufficient marrow conditioningmay result in graft failure due to
limited nicheavailablilityor inadequatehematopoieticsuppression



Definition

x Myeloablative regimens (MACHIighdose regimens that cause
irreversible bone marrow aplasia and require stem cell rescue

Aconsisting of alkylating agents with or without TBI, expected to ablate
marrow not allowing autologous hematologic recovery.

x Non-myeloablative regimens (NMA)xausing minimal
cytopenias do not require stem cell support.

X RIC regimenskRegimens that do not fit the definition for
myeloablative or nonmyeloablative conditioning.

AProlongedcytopeniasequiring hematopoietic stem cell support.

AWhat differentiates RIC regimens from myeloablative regimens is that the
dose of alkylating agentsor TBHS Y SNJ f f € NB RdzZOSR 0




Appropriate conditioning regimen

Conditioning regimen

Low intermediate £/ \ intensive hyperintensive

—

risk of NRM

risk of relapse



Increasing Toxicity

Intensity of conditioning regimen

Reduced Intensity,
Myeloablative

Flu+Bu (Full
dose)
Flu+Treosulfan

Flu+Melphalan

Flu+Bu (Low
dose)

‘ Flu/Cy/ATG

‘ TBI 200 cGy+Flu

TBI 200 cGy ‘

Non-Myeloablative “ Reduced Intensity

Increasing Intensity

TBI 1200 cGy +/-
Cy, Flu, Thio

Bu+Cy 200
mg/kg
Bu+Cy 120
mg/kg

Myeloablative




Factors affecting donor host chimerism

Myeloablative (vs RIC/NMA) conditioning rb

Myeloablative regimensmore often produceearly
and stable full donor chimerism than reduced
Intensity or non-myeloablative regimens, where

mixed chimerismis common

| In vivo Fcell depletion with ATG or alemtuzumab @ k O2YUNROSNBAL

Stemcell source: PBSC vs bone marrow t . {/Y mT .ayY o0l aStAys

Stemcell source: cord blood @ 6SIFNXe@e&v

Donor type: HLAmismatched / haploidentical vs H-A  Jig
identical sibling



Choice of conditioning regimen - ONE SIZE DOES NOT FIT
ALL

AFactors influence the choice of conditioning :
ADiagnosis

ADisease status

ADonor availability

AGraft source

APatient-related factors- comorbidities

ADiseaseassociated factorsdiagnosis and remission status.

AHigher relapse rates with RIC and NMA regimens seen, sensitivity of differen
hematologic malignancies to GVT effects can vary substantially.

APatients at high risk for postHSCT relapse with RIC & NMA should be
considered for more intense regimens, and if not eligible consider
pretransplant cytoreductive therapy or posttransplant maintenance therapy.

ARemission status at the time of HSCT predicts risk of relapse in both myeloid
and lymphoid malignancies.




Choosing an appropriate conditioning regimen
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Comorbidity Index

Comorbidity Definitions of comorbidities included in the new HCT-CI HCT-Cl weighted scores Original CCl scores*
Arrhythmia Atrial fibrillation or flutter, sick sinus syndrome, or ventricular arrhythmias 1 0
Cardiact Coronary artery disease,§ congestive heart failure, myocardial infarction, 1 1

or EF = 50%
Inflammatory bowel disease Crohn disease or ulcerative colitis 1 0
Diabetes Requiring treatment with insulin or oral hypoglycemics but not diet alone 1 1
Cerebrovascular disease Transient ischemic attack or cerebrovascular accident 1 1
Psychiatric disturbancet Depression or anxiety requiring psychiatric consult or treatment 1 Not included
Hepatic, mildi Chronic hepatitis, bilirubin > ULN to 1.5 X ULN, or AST/ALT > ULN to 1 1

2.5 X ULN
Obesityt Patients with a body mass index > 35 kg/m? 1 Not included
Infectiont Requiring continuation of antimicrobial treatment after day 0 1 Not included
Rheumatologic SLE, RA, polymyositis, mixed CTD, or polymyalgia rheumatica 2 1
Peptic ulcer Requiring treatment 2 1
Moderate/severe renal} Serum creatinine > 2 mg/dL, on dialysis, or prior renal transplantation 2 2
Moderate pulmonaryf DLco and/or FEV; 66%-80% or dyspnea on slight activity 2 1
Prior solid tumori Treated at any time point in the patient’s past history, excluding 3 2

nonmelanoma skin cancer
Heart valve disease Except mitral valve prolapse 3 0
Severe pulmonaryt DLco and/or FEV = 65% or dyspnea at rest or requiring oxygen 3 1
Moderate/severe hepatict Liver cirrhosis, bilirubin > 1.5 X ULN, or AST/ALT > 2.5 X ULN 3 3

Sorroret al, Blood(2005) 106 (8): 29X29109.



HCTComorbidity Index
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Disease Related Factors

Variable sensitivity of malignancies to grafirsustumour effects

Highlysensitivive CML

CLL

Lowgrade lymphoma

Mantle cell lymphoma
Intermediate sensitivity AML

Intermediategrade lymphoma

Hodgkin's lymphoma

Plasma cell myeloma

Relatively insensitive ALL

Highgrade lymphoma

PingaliSR & Champlin RE, BMT 2015



Intensity in Allo-SCT conditioning

Table 1. Characteristics and results of prospective randomized trials comparing different intensities and toxicity of conditioning regimens.

Trial Population Regimen RFS Relapse NRM 0S
% (P) % (P) % (P) % (P)

Toxicity reduced MAC vs. MAC or RIC

Rambaldi et al* AML BuFlu (MAC) BuCy (MAC) 40 vs. 47 24 vs. 21 8us. 18 27 vs. 35
Age >40y (ns) (ns) (0.03) (ns)

Bornhéuser et al.' AML CRI 8 GyTBIFlu (MAC) 12 GyTBI/Cy (MAC) 58 us. 56 28 vs. 26 13 vs. 18 61 vs. 58
Age 18-60y (ns) (ns) (ns) (ns)
IRHR cytogenetics

Beelen et al® AML/MDS TreoFlu (MAC) BuFlu (RIC) 64 vs. 50 25 vs. 23 11wvs. 23 71 vs. 56
Age =50y and/or (0.001) (ns) (0.05) (0.01)
CI >2/KPS >60%

RIC vs. NMA

Blaise et al* Hematologic BuFlu (RIC) FIuTBI (NMA) 35vs. 23 27 vs. 54 38 vs. 22 41 vs. 41
malignancies (ns) (<0.01) (0.03) (ns)

RIC vs. MAC

Ringdén et al* AML/CML BuFlu (RIC) BuCy(MAC) NR 12 vs. 35 11ws. 11 76 vs. 62
Age <60y incl n=4 CML (NMA) (ns) (ns) (ns)

Scott et al* AML/MDS in CR BuFlu; FluMel BuFlu; BuCy; 47 vs. 68 48 vs. 14 4ps. 16 78 vs. 68
Age 18-65y (RIC) TBICy (MAC) (<0.01) (<0.001) (<0.01) (0.07)

Kroger et al® MDS/sAML BuFlu (RIC) BuCy (MAC) 62 vs. 58 17 vs. 15 17 vs. 25 76 vs. 63
Age 18-60 y UD (ns) (ns) (ns) (0.08)
Age 18-65 RD

RIC vs. sequential RIC

Craddock ef al™ AML/MDS FLAMSA-Bu Bu/Flu or 54 vs. 49 27 vs. 30 21 vs. 17 61 vs. 59
Age 18-T5y (seq RIC) Mel/Flu (RIC) (ns) (ns) (ns) (ns)

Gagelmanret al, Haematologic&2021)/olume 106(7):1794.804



Intensity inAllo-SCT conditioning

Table 2. Selected retrospective registry comparisons of conditioning intensity in acute myeloid leukemia/myelodysplastic syndromes.
LFS/RFS Relapse NRM 0S

Registry Population

%, RIC vs. MAC (P)
Aoudjhane et al® EBMT AML 722 40 vs. 47 41 vs. 24 18 vs. 32 44 ps. 46
Age >50y (ns) (<0.01) (<0.01) (ns)
Martino et al.” EBMT AML/MDS 378 48 vs. 54 34 vs. 24 18 vs. 22 23 US. 56
Blasts <10% (ns) (0.01) (ns) (ns)
Luger et al* CIBMTR AML/MDS 5179 30 vs 33 40 vs 32* 29 vs 29 33 vs 34
Age 18-69y (ns) (<0.01) (ns) (ns)

Table 3. Selected retrospective registry comparisons of conditioning intensity in other hematologic malignancies.

Trial Registry Population N LFS/RFS Relapse NRM 0S
%, RIC vs MAC (P)
McLornan et al * EBMT MF 2224 26 vs. 32 20 vs. 23 34 vs. 34 51 vs. 53
Age 18-Tdy (0.001)* (0.08) (ns) (ns)
Chhabra et al® CIBMTR CML 1395 43 vs. 44 250s. 26 29 vs. 32 53 vs. 53
Agel8-60y (ns) (ns) (ns) (ns)
Bacher et al® CIBMTR DLBCL 396 15vs. 18 38 vs. 26 47 vs. 56 200s. 18
Age 18-69y (ns) (0.03) (0.01) (ns)
Genadieva-Stravrik et al.* EBMT rrHL 312 36 vs. 48 60 vs. 50 12 vs. 13 062 vs. 73
Age 25-40y (0.07) (ns) (ns) (ns)
Mohty et al” EBMT ALL 276 32 1s. 38 47 vs. 31 21 vs. 29 48 vs. 45
Age =45y (0.07) (<0.01) (0.03) (ns)
Crawley et al* EBMT MM 516 19 vs. 34 5 vs. 27 24 vs. 37 39 vs. 51
Age 29-66 y (<0.01) (<0.01) (<0.01) (ns)

Gagelmanret al, Haematologic&2021)/olume 106(7):1794.804



Various approaches dflaploSCT
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Conditioning regimens itHaploSCT

Table 1. Selected studies of PTCY-based Haplo-HCT using MAC.

Study

N

Study type

Median age (range), years Disease

Conditioning regimen

NRM

Relapse

0S

Solomon et al. [26]
Solomon et al. [27]
Chiusolo et al. [44]
Sugita et al. [39]
Symons et al. [45]
Cieri et al. [46]
Dholaria et al. [47]
Dholaria et al. [47]
Dholaria et al. [48]
Dholaria et al. [48]
Swoboda et al. [49]
Swoboda et al. [49]

20
82
150
50
96
40
919
89
239
188
117
119

Prospective

Retrospective
Retrospective
Prospective

Prospective

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

44 (25-56

42
51
36
42
55
47
38
32
32
31
36

(19-61
(17-74
(17-60
(1-65)
(21-78
(18-78
(
(
(
(
(

e S i

)
)
19-65)
18-65)
18-68)
18-60)
19-62)

Various
Various
AML
Various
Various
Various
AML
AML
ALL
ALL
ALL
ALL

FLU/BU/CY
FLU/TBI
FLU/TBI or TBF

FLU/TBI or FLU/BU/TBI
CY/TBI or BU/CY

FLU/MEL/TREO

Chemotherapy-based

TBI-based

Chemotherapy-based

TBl-based
FLU/TBI
TBF

10% at 1 year
13% at 4 years
20% at 4 years
10% at 2 years
11% at 3 years
17% at 1 year
24% at 2 years
21% at 2 years
31% at 2 years
21% at 2 years
20% at 2 years
31% at 2 years

40% at 1 year
27% at 4 years
24% at 4 years
36% at 2 years
43% at 3 years
35% at 1 year
28% at 2 years
34% at 2 years
32% at 2 years
34% at 2 years
35% at 2 years
27% at 2 years

69% at 1 year
67% at 4 years
57% at 4 years
68% at 2 years
54% at 3 years
56% at 1 year
55% at 2 years
50% at 2 years
47% at 2 years
51% at 2 years
54% at 2 years
53% at 2 years

Table 2. Selected studies of PTCY-based Haplo-HCT using RIC.

Study N  Study type Median age (range), years Disease  Conditioning regimen NRM Relapse 0S

Luznik et al. [12] 68 Prospective 46 (1-71) Various FLU/CY/TBI 15% at 1 year 51% at 2 years 36% at 2 years
Burroughs et al. [53] 28 Retrospective 32 (14-62) HL FLU/CY/TBI 9% at 2 years 40% at 2 years 58% at 2 years
Kasamon et al. [54] 271 Retrospective 61 (50-75) Various FLU/CY/TBI 12% at 1 year 46% at 3 years 46% at 3 years
Brammer et al. [55] 22 Retrospective 46 (20-62) Lymphoma FLU/MEL + TT or TBI 19% at 1 year 27% at 2 years 54% at 2 years
Ciurea et al. [56] 43 Retrospective 61 (55-69) AML, MDS FLU/MEL +TT or TBI 34% at 2 years 24% at 2 years 42% at 2 years
Sugita et al. [39] 77 Prospective 58 (22-65) Various FLU/BU/TBI 20% at 2 years 45% at 2 years 44% at 2 years
Castagna et al. [57] 47 Prospective 43 (20-68) Lymphoma FLU/CY/TT + TBI or TMLI 15% at 4 year 28% at 4 years 64% at 4 years
Tanaka et al. [58] 18 Prospective 59 (27-64) ATLL FLU/MEL/TBI 11% at 1 year 28% at 1 year 73% at 2 years
Devillier et al. [S9] 97 Retrospective 52 (43-57)* AML FLU/CY/TBI 16% at 2 years 43% at 2 years 51% at 2 years
Devillier et al. [59] 106 Retrospective 53 (44-57)* AML TBF 22% at 2 years 15% at 2 years 63% at 2 years
Devillier et al. [59] 117 Retrospective 68 (66—-70)* AML FLU/CY/TBI 23% at 2 years 28% at 2 years 55% at 2 years
Devillier et al. [59] 170 Retrospective 65 (63-68)* AML TBF 30% at 2 years 22% at 2 years 54% at 2 years
Al Malki et al. [60] 31 Prospective 37 (21-58) Various FLU/CY/TMLI 9% at 1 year 17% at 1 year 83% at 1 year

*Interquartile range.

AML; acute myeloid leukemia; ATLL: adult T-cell leukemia/lymphoma; BU: busulfan; CY: cyclophosphamide; FLU: fludarabine; Haplo-HCT: haploidentical
related hematopoietic cell transplantation; HL: Hodgkin lymphoma; MDS: myelodysplastic syndrome; MEL: melphalan; NRM: non-relapse mortality; OS:
overall survival; PTCY: posttransplant cyclophosphamide; RIC: reduced-intensity conditioning; TBF: thiotepa/busulfan/fludarabine; TBI: total body
irradiation; TMLI: total marrow and lymphoid irradiation; TT: thiotepa



Various haploidentical transplant protocols utilizingTCy

Conditioningregimens Agentsused

Myeloablative conditioning (MAC) Flu (150 mg/m) + Bu (12.8 mg/kg) + TBIGH)
Flu (150 mg/m) + Bu (9.6 mg/kg) thiptepa (10 mg/kg)
Flu (125 mg/r) + Bu (44620 mg/n?) + Cy (29 mg/kg)
Flu (120 mg/ M) + TBI (9.%Y)
Flu (90 mg/ m) + TBI (15y)
Flu (150 mg/ & + Bu (9.6 mg/kg) + Mel (140 mg#Hm

Reducedntensity conditioning (RIC) Flu (150 mg/ @ + Bu (6.4 mg/kg) + Cy (29 mg/kg) + TEIW2
Flu (150 mg/ i) + Bu (6.4 mg/kg) + TBI®)
Flu (160 mg/ ) + Mel (106140 mg/ n¥) + thiotepa (5 mg/kg) or TBI @)

Non-myeloablative conditioning (NMA)  Flu (150 mg/ ) + Cy (29 mg/kg) + TBIGY



Non-TBtbased conditioning protocols for haploidentic&8CT

Brammeret al, Fl-Mel-Thioregimen
Flu40 mg/m? dayon days-5 to -2 (total dose160mg/m?)

Mel 100-140mg/m? on day-6
ThiotepaSmg/kgon day-7 (total dose5 mg/kg). Thiotepacanbe consideredn placeof TBI(2Gy)

Gayosocet al, FluCy-Bu

Cftdz oAKRIPBKYF2NI p O02yasSOdziAgdS RIFéa FNRY bcec G2
/] 8 mMn®p Y3IAk]13IKkRIE& 2y RIFéa bLc YR bp

L+ .dz o®dH Y3Ik]IKRIE 2y SAl0KSNIyRBI #as bubstitdied dathd 2 N

|\ busulfan.

Dholariaet al, comparedTBtbasedMACto chemotherapybasedMACin haploSCTwith PTCy
The common TBtbasedand chemotherapybased MAC regimenswere FluTBland FIuBu-Thiqg

respectivelyand there wasno major differencein transplantoutcomethe two groupsin patients

with AML



Serotherapy In conditioning regimens

ystion: complemeny. 4 .

24 0Ssis wit Pe
< 06\\\ s, apopte h Subsequ IIQ'GOI
N ocytosis by macropp,,: “car
Q‘g‘&% Lges
Cr. ¢
QC D2, CD3, CD4, CDs, ¢y .1/101003}5
%o‘& CDS8, CD28, HLA_| e, oy
S 70.%,
/S
b{o' P CD4+T cell CDS8+T cell oF RS
G‘z,) i \‘o\"/\\, C;% ?%%3
\ =
& SE&E > b %0, S ‘e
Q’)Q o $ O v, J‘% On %(
S Y & % ‘o 3
D) QL by i & .3 = O
= FO§F & 2 7% - o &
= & o 5 @)y 3 o
= O 4 = = S S @
5 N TR TR
0]
Immunomodulatory 7

effects of ATG

Odulation of cell-adhesio™ *
cell-trafficking




Balance of efficacy and side etffects of ATG in allo-HSCT

Intended effects of ATG

[
T £<<=% Ensure engraftment

l Prevention of aGVHD

&
l Q Prevention of cGVHD

Adverse effects of ATG

Delayed immune

reconstitution

Increased infection %
(virus reactivation)

Recurrence of 0
malignant diseases?

Individualized dosing strategy of ATG in allo-HSCT

Based on GVHD
Biomarker

“ or

BR
Serum bilirubin +
Blood urea nitrogen
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al“‘" a
<9

9

] ‘.“

sIL-2Ra Number of CD3+
+ 1L-15 in graft

Based on therapeutic
drug monitoring

Based on absolute
lymphocyte count

Patients with ALC < 500/uL at
-7d may overexpose to ATG

Cumulative ATG dose =400 + 350
x lymphocyte count (in 10°/L)
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The dose of ATG administrated on day -3
and day -2 was based on active ATG
concentrations of day -5 and day -4.



Hemoglobinopathies

Pre transplant immunosuppression (PTIS)

Theuse of PTISstarting 2 months prior to Haplo SCThasbeen found to be helpful in
reducingthe rejectionratesin hemoglobinopathies

PTISIs basedon host T cell lymphoablationstarting well before SCTto enhancethe

engraftmentand reducethe risk of graft failure. AlloreactiveT cellsload is reducedand
It alsohelpsachievetoleranceof the remainingT cell population

PTISs achievedby providinginitial immune suppressiorby immunoablativetherapies
like the nucleosideanalog(Flu)or chemotherapy(Cy)for 1-3 cyclesbefore SCT
Anurathapanret al, hasusedtwo cyclesof PTISwith Fluand Dexabeforethe FIUBWATG
reducedtoxicity MACregimenin highrisk TM patients



Hemoglobinopathies: Sickle

Table 3. Myeloablative Conditioning Regimen in Patients With SCD.

Age range Graft source Donor Conditioning Acute GvHD Chronic
No. (years) (N) (N) regimen GvHD prophylaxis  (grade [I-1V) GvHD OS % EFS %
Bernaudin 87 222 BM:74 MRD MAC: CSA*+= MTX 20% Limited: 11% 6 years: 6 years:
et al.* PB: | BU + CY =+ Extensive: 93.1% 86.1%
UCB: 12 ATG 2.4%
Panepinto 67 2-27 BM: 54 MRD MAC: CSA+ MTX 10% 22% 5 years: 5 years:
et al.? PB:9 BU+CY Tacrolimus Limited:9 97% 85%
UCB: 4 T cell depletion patients
Non Extensive: 3
patients
Strocchio 30 1.7-18.8 BM:22 MRD: 24 MAC: CSAE= MTX 7% in the Bu- 7% in the Bu- 100% 5-years: 93%
et al.% PB: | MUD: 6 BU+Thio+Flu and and 0% in MRD: 96%
UCB: 4 Treo+Thio+Flu 0% in the the Treo- MUD: 83%
BM + UCB: 3 = ATG Treo-group  group
Krishnamurti 22 17-36 BM MRD: |7 MAC: CNI+MTX 18% 27% | year: 91% | year: 86%
et al.”’ MUD:5 BU+ Flu+ATG MRD: 94% MRD: 94%
MUD: 80% MUD: 60%
Kogel et al.?® 25 |21 BM: 21 MRD: 17 MAC: CSA + MTX grade I-I: 8  No 100% 88%
PB: 4 MUD:8 BU+CY CSA + MMF patients
Flu+Thio+Treo CSA
Flu+Thio+Alk  Tacrolimus+MTX
CSA + MMF+MTX
Dedeken 50 [.7-153 BM: 39 MRD MAC: CSA + MTX grade | I Mild in 10 8 years: 8 years:
et al.? PB: | BU+CY= ATG CSA 12% patients 94.1% 85.6%
UCB: 3 CSA+MMF grade llI-V:
BM + UCB: 7 10%
Bernaudin 234 2.2-289 BM: 195 MRD MAC: CSAE= MTX 20.1% 10.5% 97% 93.9%
et al.*® PB: | BU+CYx ATG
UCB: 30

BM + UCB: 8




