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1) Introduction Roles of the conditioning regimen before HSCT

« Conditioning» = « Preparing » the patient to receive the transplant



1) Introduction Roles of the conditioning regimen before HSCT
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1) Introduction Roles of the graft

Graft ipfusion
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1) Introduction Reduced intensity conditioning regimens (RIC)
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Advanced age
Comorbidities
Heavy previous treatments (i.e. previous autoHSCT)
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1) Introduction RIC concepts

Standard myeloablative Reduced intensity
(MAC) (RIC)

[ MYELOABLATION J>[ IMMUNOABLATION }




2) How to choose the appropriate conditioning regimen ?

Classification according to myelosuppressive properties

Ale= alemtuzumab

Amsa= amsacrine

ATG= anti-T-cell globulin

Bu= busulfan

Cy= cyclophosphamide

F= fludarabine

Flag-lda= F+cytarabine
+idarubicine

M= melphalan

TBI= total body irradiation

TL=, total lymphoid irradiation

TMi= total marrow irradiation

Treo= treosulfan

TT= thiotepa

VP=VP-16

Immunosuppression

*Non exhaustive list

Bacigalupo et al. BBMT 2009

Minimal cytopenia
HSC support not mandatory

l Y \
Cy120/TBI ® Cy120/VP/TBI 12-14 Gy
BiF 120y ® Cy120/TT/TBI 1214 Gy
OCy200/ATG ©® FlTreod2
FIC\/TBI
26! O M @ Bu16/Cy120 ® Bu16/Cy120/MEL
L °
FITBI
e . . F/Bu16
[ ) FIM Bu8/F/ATG
140
°
FICy
TLIATG
. Flag-lda
° ° °
TBI TT-C
2 Gy Myelosuppressio
N A\ Ve osuppressioy
Reduced Standard Intensified
intensity Myeloablative (rarely used)
(RIC) (MAC)

Irreversible aplasia

HSC support mandatory



2) How to choose the appropriate conditioning regimen ?

Risk of toxicity Risk of disease relapse Risk of graft rejection

Wy U L

Choice of conditioning




2) How to choose the appropriate conditioning regimen ?

Patient factors

Age
PS
Comorbid conditions

Risk of toxicity

Susceptibility to GVT effects

Disease factors

Type of disease
Remission status

Previous treatments

Graft factors

Graft source (UCB)
Donor type (SIB/UD;
HLAmM/mm)

Risk of disease relapse

Risk of graft rejection

U

L

L

Choice of conditioning




2) How to choose Patient-related factors

Common toxicities of standard MAC regimens
= Prolonged aplasia =2 risks of infections

= @Gl toxicity: mucositis, nausea/vomiting, diarrhea

= Organ toxicities:
- Liver: Sinusoidal obstruction syndrome (SOS)
- Lungs: Pneumonitis

= Cytokine storm = risk of acute GVHD

" Long-term: Infertility
latrogenic menopause/andropause
2"d malignancies



2) How to choose Patient-related factors

Fit Not fit

(but fit enough for HSCT)

- MAC - RIC/ NMA
(intensified) To limit toxicities



2) How to choose Patient-related factors

How to evaluate fithess?

o Age
< 45(-50)y: MAC
> 45 (-50)y: RIC

But also depends on
e Performance status (Karnofsky, ECOG)

e Comorbidities
e Organ-specific toxicity risk



2) How to choose Patient-related factors

Hematop0|et|c cell transplantation comorbidity mdex (HCT-CI)

Table 3. Hematopoietic Stem Cell Transplant Comorbidity Index

Comarbidity Definition Welght

arrbythmia Atrial fibrillation or flutter, sick sinus syndrome, or ventricular arrhythmias 1

Cardiovascular comoarbidity Caoronary artary diseasa, congestive heart fallure, myocardial infarction, 1
or EF < 50%

Inflammatory bowel disease Chrenic disease or ulcarative colitis 1

Diabetes or steroid-induced Diabetes or steroid-induced hyperglycemia requiring insulin er an oral 1

hyperglycemia hypoglycemic drug

Cerabrovascular disease Transient ischemlic attacks or cerebrovascular accident 1

Psychlatric disturbance Depression or anxiety requiring psychiatric consult or treatment 1

Hepatic, mild Chranic hepatitis, bilirubin = ULM to 1.5 = ULM, or ASTAALT = ULN 1
ko 2.5 = ULN

Obesity Body mass index > 35 ka,/m® 1

Infection Dacurmanted infection or fever of unknown origin or pulmonary nodules 1
of fungal preumonia or prophylaxls against tuberculosis

Rheumatologic SLE, RA, polymyositis, mixed connective tissue disease, polymyalgia 2
rheumatic

Peptic ulcer Presence of prior endoscopic or radiclogic diagnosis 2

Renal, moderateSevara Serum creatinineg > 2 mg/dL, on dialysis, or prior renal transplantation 2

Pulmonary, mederate DlLco and/or FEV, 66%-80% or dyspnea on slight activity 2

Pricr malignancies Treated at any time, excluding nenmelanema skin cancer 3

Heart valve disease Moderate to severe degree of valve stenasis, prasthetic mitral or aortic 3
valve, or systematic mitral valve prolapse

Fulmonary, severe DLceo and,or FEV, < 66% or dyspnea at rest or requiring oxygen 3

Hepatic, moderate/severe Liver cirrhosis, bilirubin > 1.5 x ULN, or AST/ALT » 2.5 % ULN 3

MNole EF = ejection fraction; ULN = upper limit of normal; AST = aspartate transaminase; ALT = alanine transaminase;
SLE = systemic lupus erythematosus: RA = rheumatoid arthritis; DLco = percentage of measured-ta-predicted diffusion SOI'TOf
capacity of carbon monoxide; FEV, = percentage of measured-to-predicted farced expiratory volume in 1 second.

Adapted from Sarror [2013). Blood 2005
p .




2) How to choose Patient-related factors

Hematopoietic cell transplantation comorbidity index (HCT-CI)
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2) How to choose Disease-related factors

= Variable sensitivity of malignancies to graft-versus-tumor effects

Highly sensitive CML
CLL
Low-grade lymphoma
Mantle cell lymphoma

Intermediate sensitivity AML
Intermediate-grade lymphoma
Hodgkin's lymphoma
Plasma cell myeloma
Relatively insensitive ALL
High-grade lymphoma

From Pingali SR & Champlin RE, BMT 2015



2) How to choose Disease-related factors

Role of RIC versus MAC for specific disease?
When does MAC improve PFS/0OS?

still to be determined, need of randomized trials
Nice review: Gagelmann et al. Haematologica 2021

But general concepts:

" |ndolent diseases, highly sensitive to GVT effects
- RIC

= Aggressive diseases, not in CR
-2 MAC

Alternatives: * Sequential conditioning
= 2 steps: cytoreductive chemo + RIC

* Post-transplant interventions
Maintenance drug or cellular therapy
(prophylactic DLI)



2) How to choose

Graft-related factors

UCB graft

HLA-mismatched donor (haplo)

A Risk of graft rejection =2

A « immunoablation »

Conditioning Regimens

1 Reduced Intensity Myeloablative
® Cy120/TBI
: 12 Gy
_ @ Cy200/ATG :Cy120/TBI
HLA-haploid.-related F/Cy/TBI 55.5 Gy
T-cell depleted 2 Gy @ Ale/F/IM 5. @ Bu16/Cy120
140 enss®

- g :
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= 8 e BU8/F/ATG
§ = ® F/M !
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S = ATG
o E

ki et Flag-lda
~-ldentica
Ak ® o g
sibling TBI TT-Cy
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Myelosuppression

Aggressiveness of Malignancy




3) Regimens Most common regimens in Belgium 2022
Focus on the most common regimens for

- Adult patients

- Hematological malignancies

- HLA-matched related/unrelated donor

(different regimens in pediatrics, non malignant disorders, alternative
donors)



3) Regimens MAC regimens

Most common MAC
= Total body irradiation (TBI)-based MAC
= Busulfan (Bu)-based MAC

-

MAC Drug Dose(total) Schedule(d)

Traditional
Cy/TBI Cy 120 mg/kg -6,-5
£-TBl 12~14 Gy ~3~-1 0r-6--1
Bu/Cy Bu 16 mg/kg(po)or 12.8/kg(iv) —7~—4
Cy 120 mg/kg -3,-2

Cy: cyclophosphamide
F-TBI: fractionated total body irradiation (6 fractions of 2Gy; 1 or 2 fractions per day)
Bu: Busulfan



3) Regimens MAC regimens

Most common MAC
= Total body irradiation (TBI)-based MAC
= Busulfan (Bu)-based MAC

* Lymphoid malignancies (eg ALL) : preference for TBI-based MAC
Penetrance to sanctuary sites — SNC, testis

* Myeloid malignancies: = similar results with both regimens (iv Bu)
Nagler et al., JCO 2013; Bredeson et al., Blood 2013

but IV Bu not reimbursed in Belgium for adults
oral Bu: variable bioavailability
—> variability in tumor response and toxicity (SOS)
- PK monitoring for dose adjustment
— TBIl-based MAC most often used in Belgium 2022



3) Regimens RIC regimens

Common RIC

Conditioning regimen Drug Dose (total) Schedule(d)
International regimen

Flu/Mel Flu 150 mg/m? —7~=3

Mel 100 - 140 mg/m? 2 ]
Flu/Bu Flu 150 mg/m? —9~-5
«Slavin regimen» BU 8~ 10 mg/kg (po) —6~—4

Common NMA

Flu/TBI Flu 90 mg/m? -4 = -

«Seattle regimen» 2

TBI 2 -4 Gy 0

Flu: Fludarabine; Mel: Melphalan; Bu: Busulfan; TBI: total body irradiation



3) Regimens RIC regimens

Common RIC
* Flu-Bu No consensus
e  Flu-MEL But recent data suggest better PFS with Flu-MEL

PFS Adjusted PFS
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Figure 1. PFS, propensity score adjusted PFS, PFS for patients with KPS< 90 and GRFS



3) Regimens Serotherapy in conditioning regimens

Anti-T cell globulin (ATG)

ATG Thymoglobulin ©

ATG Grafalon ©

Can be incorporated into MAC and RIC

Human lymphocytes
4 (thymocytes or Jurkat cells)

‘. ‘ ‘} “ "k . .
e ;%)\s Anti-human T cell globulins
< -

— In vivo T-cell depletion



3) Regimens Serotherapy in conditioning regimens

Anti-T cell globulin (ATG)

" Long half-live in human plasma (up to 6 weeks)

" |Incoporation of ATG in the conditioning R

- depletion of recipient immune cells
> W Graft rejection

- depletion of donor immune cells
> W GVHD



3) Regimens Serotherapy in conditioning regimens

Pre-transplant ATG: Meta-analysis (6 RCT, 845 pts)

Leuk Lymph 2017, Arai et al.

Chronic GVHD
ATG Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year - ixed, 95% CI
Bacigalupo 2006 14 38 22 37 13.0% 0.62[0.38, 1.02] 2006 —
Bacigalupo 2010 9 84 22 86 12.7% 0.42[0.20, 0.86] 2010 - =
Finke 2009, Socie 2011 27 90 40 80 24.7% 0.60[0.41, 0.88] 2011 =
Kroger 2016 23 86 48 75 29.9% 0.42[0.28, 0.62] 2016 =
Walker 2016 22 101 34 102 19.7% 0.65[0.41, 1.04] 2016 -
Total (95% CI) 399 380 100.0% 0.54 [0.44, 0.66] 0
Total events 95 166

H . 2 = = = =12 = 0, I— : :
Heterogeneity: Chiz = 3.41, df =4 (P = 0.49); I = 0% 0.02 01 1 10 50

Test for overall effect: Z =5.98 (P < 0.00001) Favors [ATG] Favors [control]



3) Regimens Serotherapy in conditioning regimens

Recommandations for ATG use: group of expert

Table 2 Final recommendations.

Conditioning regimen Stem cell source  Donor Recommendation A gres ment
AMONE exXperts

MALIGNANT IMSEASES

Myeloablative Bone marrow/ Unrelated Recommendad Full
peripheral blood

Myeloablative Peripheral blood  HLA-identical sibling Recommendad Partial

RIC/NMA Bone marrow/ HLA-identical sibling/matched Partially recommendad Partial
peripheral blood  or mismatched unrelated

Any conditioning plus post-ransplant Bone marrow, Haploidentical Undecidable Full

cvclophosphamide peripheral blood

Any conditioning without post- Bone marrow/ Haploidentical Advised to follow the Full

transplant cyvclophosphamide ) peripheral blood conditioning published

protocols

Any conditioning Cord blood Cond blood Undecidable Full
transplant

NON-MALIGNANT DISEASES

Any conditioning Any stem cell Recommendad Full
source

RIC reduced intensity conditoning, NMWA nonmyveloablative conditoning.

Bonifazi et al. BMT 2020; 55:1093-1102



3) Regimens Immunotherapy in conditioning regimens

Alemtuzumab

= humanized anti-CD52 1gG1 monoclonal antibody

Incorporation into conditioning regimens
- Durable engraftment
Low incidence of GVHD

but concerns regarding infections and relapse



4) Haplo-transplant

- AN risk of non-engraftment
A risk of GVHD

— Challenge!

- « Adapted » transplant approaches: graft manipulation +/
adapted conditioning and GVHD prophylaxis regimen



4) Haplo-transplant

Mains approaches for haplo-HSCT:

A
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Post-transplant Cy (PTCy)

T-cell activation

Peptideaac COPVOD98 Selective depletion
" i of alloreactive
hl'mu“
T cells T cells

(graft reject, GVH)

Sparing of resting
T cells
@ (immune reconstit)

+ MMF

0 +1 +2 +3 +4 or+5

+ other immune effects of PTCy (intra-thymic clonal deletion of
alloreactive T cells, functionnal impact on T cell response, Treg
expansion and promotion of survival)



Post-transplant Cy (PTCy)

John Hopkin’s group (Baltimore) NMA-haplo scheme
FLU/Cy/TBI + PTCy

‘ Graft infusion ‘

Cyclophosphamide (Cy) TBI G-CSE
m——
200 ::E'y‘ MMF

14.5 mg/kg/day
| |

EMT* } !

Dav-iﬁ -5 4
" T

] |
Fludarabine 30 m

Tacrolimus

E. ‘2 10 TII'E 10 20 30 40° 90 180
i ¥
2 Cy 50 ma/kg/day,
o/miday ey 3 (n=28) or
days 3,4 (n=40)



Post-transplant Cy (PTCy)

More intensive conditioning R for haplo with PTCy

TBIBIDfor BMor PBSC

1200 or infusion
MAC PTCy 990cGy total (_Z?F
Hopkins protocol l l l l MMF :'!'5 to +35
(Solomon BBMT 2015) Tacro d+5 to +180
Day-7-6 -5 -4 -3 -2 -1 0 +3 +4 +5 +10 +20 +30 +40 +90 +180
Fludarabine Cyclophosphamide
30mg/m?3/d SOmg /kg /d

Thiotepa/Bu/Flu (TBF) + PTCy
T2B3F: TT  5mg/kg/] J-6, -5
Bu 3.2mg/kg/j J-4,-3,-2
Flu 50mg/m?2 J-4,-3, -2
Lower doses of TT and Bu (T2B2F, T1B2F) under investigation



4) Haplo-transplant Post-transplant Cy (PTCy)

Haplo with PTCy compared with MUD transplantation
Meta-analysis (BBMT 2020, Arcuri Li et al.)

OS Weight Weight
Study Haplo URD Hazard Ratio HR 95%-Cl (fixed) (random)
Raiola 2014a 92 92 — 0.94 [0.39;2.26] 1.4% 1.4%
Raiola 2014b * 92 92 e 0.79 [0.33;1.85] 1.4% 1.4%
Ciurea 2015a 88 88 - 0.94 [0.70; 1.26] 12.3% 12.3%
Ciurea 2015b 104 104 N 1.08 [0.82; 1.42] 14.1% 14.1%
Bashey 2016 116 116 —— 1.04 [0.68; 1.59] 5.9% 5.9%
Kanate 2016a 185 185 — 0.80 [0.59; 1.08] 11.7% 11.7%
Kanate 2016b * 185 185 = 1.20 [0.90; 1.61] 12.6% 12.6%
Rashidi 2016 62 §H2 —— 0.89 [0.51;1.55] 3.4% 3.4%
Martinez 2017 98 98 —— 0.84 [0.44;1.62] 2.5% 2.5%
Bashey 2018 33 33 —— 0.91 [0.48;1.73] 2.6% 2.6%
Brissot 2018a 199 199 = 0.98 [0.75; 1.28] 14.9% 14.9%
Brissot 2018b * 199 199 - 1.05 [0.79; 1.40] 13.2% 13.2%
Devillier 2018 33 33 1.04 [0.21;5.27] 0.4% 0.4%
Dulery 2018 27 27 0.65 [0.12;3.60] 0.4% 0.4%
Pagliardini 2018 81 81 —— 0.67 [0.37;1.21] 3.0% 3.0%
Fixed effect model 0.98 [0.88; 1.08] 100.0% --
Random effects model | 2 | 0.98 [0.88; 1.08] -~ 100.0%

Heterogeneity: I>=0%,t°=0,p =0.94 ! ! !
02 05 1 2 5
Haplo better URD better



Post-transplant Cy (PTCy)

Haplo with PTCy compared with MUD trasplantation

Meta-analysis (BBMT 2020, Arcuri Li et al.)

Chronic GVHD
PBSC
Study Haplo URD (%URD - %Haplo)
Devillier 2018 a3 3D 0.03
Pagliardini 2018 81 81 0.23
Kanate 2016a 185 241 0.78
Kanate 2016b * 185 491 0.81

Fixed effect model
Random effects model
Heterogeneity: 1° = 45%, > = 0.0713, p = 0.14

Hazard Ratio
N
S e
lj_ g
i
I
I
<
<
[ T T ]
0.1 05 1 2

Haplo better URD better

10

Weight

Weight

HR 95%-Cl (fixed) (random)

0.66 [0.09;4.80] 1.8%
0.35 [0.18; 0.68] 15.6%
0.27 [0.18;0.42] 37.2%
0.17 [0.12; 0.25] 45.4%

0.23 [0.18; 0.30] 100.0%
0.25 [0.17; 0.38] -

3.9%
22.7%
35.3%
38.1%

100.0%




PTCy: BM versus PBSC?

Haplo with PTCy : PBSC compared to BM in AML adult
patients (Baron et al. Abstract EBMT 2022)
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PTCy: BM versus PBSC?

PBSC compared to BM in AML adult patients (Baron et al.
Abstract EBMT 2022)

<55 years old
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4) Haplo-transplant

PTCy: BM versus PBSC?

Haplo with PTCy : PBSC compared to BM in AML adult

patients (Baron et al. Abstract EBMT 2022)

Cl of NRM

> 55 years old
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PTCy: BM versus PBSC?

Haplo with PTCy : PBSC compared to BM in AML adult
patients (Baron et al. Abstract EBMT 2022)

Conclusions:

PBSC : increase in acute GVHD
No decrease in relapse risk

In patients > 55y: PBSC associated with higher NMR and lower LFS, GRFS and
OS

=>» Use of bone marrow prefered for patients > 55y



SYI IR LT T d[-T9  Total body irradiation (TBI)

Z| Antitumor effects

Myeloablation

MAC if > 500cGy single fraction
or > 800cGy fractionated

ZI Immunosuppression

Toxicity

High dose TBI:
common tox of MAC

Parotidis
Thyroid damages
Cataract




SYINIV-ER oo To 1o d [T  Busulfan (Bu), Melphalan (MEL)

Z| Antitumor effects

Myeloablation
MAC if > 8mg/kg Bu (or IV equiv)
or > 150mg/m? MEL

m Immunosuppression
Limited



5) Drugs properties Busulfan (Bu), Melphalan (MEL)

Toxicity

Bu

High dose: common tox of MAC

Sinusoidal obstructive syndrom

Pneumonitis (rare)

Seizure

Skin rash, melanodermia

Metabolic disturbances: hyperglycemia, hyperuricemia, hypok/Mg/PO4

Mel

High dose: common tox of MAC
Severe mucositis

Pneumonitis (rare)




SYIIG-LR T I [-THl  Thiotepa (TT)

Z| Antitumor effects Toxicity

High dose: common tox of MAC
Gl trouble, colitis

ZI Myeloablation Secondary neoplasms
Leuco-encephalopathy

Z Immunosuppression




CYINIG-EN LTI d[-THl  Cyclophosphamide (Cy)

= | Antitumor effects
Limited

2

Myeloablation
Limited

Z Immunosuppression

Toxicity

Hemorrhagic cystitis
> hyperhydrat + Mesna
(if Cy dose > 1 gr/m?)
Cardiotoxicity (high dose)
iISADH
Pneumonitis (rare)




SYI IR oo ToJ1ad[-TI  Fludarabine (Flu)

Antitumor effects Toxicity

Limited
Generally well tolerated
Cholestasis

Myeloablation Polyneuropathy

Limited Seizure, coma, cerebellitis (rare)
Pemphigus

Z Immunosuppression



CYRMITECR (oo g [-TIl  Anti-T cell globulin (ATG)

m Antitumor effects

IX Myeloablation

ZI Immunosuppression



CYINIG-LR LT I d[-TI  Anti-T cell globulin (ATG)

Toxicity

Fever, thrills
Pruritus, rash
Bronchospasm
Hypotension
Anaphylaxis

Late serum sickness




CYRMITECR (oo g [-TIl  Anti-T cell globulin (ATG)

Toxicity

Fever, thrills
Pruritus, rash
Bronchospasm
Hypotension
Anaphylaxis

Late serum sickness

Pancytopenia
Hemolysis



Thank you for your attention
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