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Conditioning

AWhat is conditioning?
ARationale

ATypes of conditioning regimen
ATBI and other Drugs

ADonor assessment



Conditioning Goals

At NBLI NI GA2Y 2N WO2YRAUAZ2YAYIQ
AThe three main goals of conditioning therapy are:
AEradication of disease

Almmunosuppression to decrease the risk of rejection of the
donor cells by the host cells

Al NBIFGA2Y 2F WaLJIl OSQ 62LISYy Ay 3
IN the bone marrow for donor stem cells to engraft

*EBMT Textbook for BMT 2023
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How to choose & define of Conditioning
Therapy?



Choice of Conditioning

ADisease related Factors :

ADiagnosis

AStatus of Disease at baseline and at BMT
APatient Related Factors :

AAge

ADonor availability

AComorbidities

AHLA matching
APhysician or treatment preference



Defining the Intensity of Conditioning Regimens: ASBMT
Working Definitions e Marruw Trambplarsetion

Andrea Bacigalupo, MJ:'I,I Karen Ballen, .~"1rf’i|+.".'1!+,E Doug Rizzo, MI},E Sergio Giralt, Mﬂ;
* Biol Blood Marrow Transplant 15: 16281633 (2009)

yes

myeloablative

MA

» Myeloablative (MA)

Reduced intensity conditioning

» Reduced Intensity (RIC) e

Stem cell support required

» Non-myeloablative (NMA)

Non ablative

NMA

No

minimal short long irreversible

pancytopenia



Defining the Intensity of Conditioning Regimens: ASBMT.
Working Definitions and Marrow Transplantation

Andrea Bacigalupo, M.D.," Karen Ballen, M.D.,* Doug Rizzo, M.D,,> Sergio Giralt, M.D.,*
* Biol Blood Marrow Transplant 15: 16281633 (2009)

» Myeloablative (MA)

w Irreversible cytopenia and SC suppo.
IS mandatory.

» Reduced Intensity (RIC)
» Neither MA nor NMA
» Should be given stem cell support
» Reversible cytopenia

» Non-myeloablative (NMA) Non ablative

» minimal cytopenia, and can be giver NMA

also without SC su pport minimal short long irreversible
pancytopenia

yes

myeloablative

MA

Reduced intensity conditioning

RIC

Stem cell support required

e
Z




Blood (2014) 124 (3): 34i4353.

Reduced Intensity Conditioning

Table 1. Acceptance of the Champlin criteria as the characteristics
defining a RIC regimen at the RIC Regimen Workshop convened by
the CIBMTR

—

Percentage of HCT professionals
Criterion that strongly agree or agree

Results in reversible myelosuppression 67
(usually within 28 d) when given
without stem cell support
Results in mixed chimerism in 71
a proportion of patients at the time !
of first assessment <
Associated with a low rate of 71 |
nonhematologic toxicity l
|
|

Adapted from Giralt et al.’



Reduced Toxicity Conditioning

AComes Under banner of MAC
AFewer off target side effects
AExampleFlu + clo + Bu or Treo

EBMT Handbook 2024
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Examples of MA & NMA Conditionings

BRIEF ARTICLES

» TBI2YS Gy single dose or

O8 Gy fractionated

» Bu2tQ mg/kgoral or IV
equivalent

w Total Mel<140 mg

w Thiotepa<10 mg/kg

it

%)
O
>

Stem cell support required

No

* Biol Blood Marrow Transplant 15: 16281633 (2009)
Defining the Intensity of Conditioning Regimens:

< Working Definitions
Reduced intensity (RIC)

Reduced intensity conditioning

RIC

N
NMA

minimal short
pancytopenia

long

myeloablative

MA

irreversible

r

-

Non-myeloablative (N MA;'

o TBIO2 Gy+ Purine
analog

w Flu+ Cyx ATG
w Flu+ AraC + lda
w Cladribine+ AraC

TLI+ ATG
» y

Blood (2014) 124 (3): 34#353.



ADVANCES IN HEMATOPOIETIC CELL TRANSPLANTATION

* Blood. 2014:124(3): 34853

Conditioning regimens for hematopoietic cell transplantation: one size

does not fit all
E Increasing Requirement of GVT Effect

Boglarka Gyurkocza'? and Brenda M. Sandmaier™*

BU + CY + TBI*
. - BU + TBI*
» Balance In toxicity and cY + TBI*
efficacy FLU + AraC

BU + CY (x ATG) =
. . O
» Age IS a not the primary CYB:J I;'UMeIphalan 5
a S
criteria alone B L LU + ThiT
FLU + Melphalan
» Newer drugs and targeted FLU + Treosulfan
therapies hold the future FLU + BU (low dose)

Tbit + FLU
)

Thi ;
/

ntensity




IMMUNOSUPPRESSION

A

Non-Myeloablative Reduced Intensity

Condltlonlng

) Buifull dose)/

@ Flu/Bu(low dose)/ @ Flu/Mel/ para
Alemtuzumab Alemtuzumab
@ Cy/TBI 1200
0 Cy/ATG cGy
OFIw/Bu(low dose)/ @ FluMel
ATG ATG @) FluTreo
@ Flu/Cy
) Bu(full dose)/Cy
@ i @ Clo/Bu(full
=y dose)
) Flu/Bu(low ) FluMel () Flu/Bu(full

@ TBI 200 cGy

dose) dose)

-
MYELOSUPPRESSION

Kitko, CL.,(2018), EBMT Handbook.



Bone Marrow Transplantation (2020) 55:1114-1125 (EBMT
https://doi.org/10.1038/541409-020-0803-y e e

ARTICLE

Redefining and measuring transplant conditioning intensity Newer assessment : TCl Sce
in current era: a study in acute myeloid leukemia patients '

ATransplant Conditioning Intensity Score
AEBMT effort to redefine and measure transplant conditioning intensity (TCI)

AAssigned intensity weight scores for the most often used components of
conditioning regimens

AThe sum of these scores results in grouping TCI into low, intermediate, or high
TCI.

AThis score better predicted nerelapse martality (NRM) than did the original
RIC/MAC classification. An intermediate TCI score overlaps with what was
previously defined as RTC

EBMT Handbook 2024 Bone Marrow Transplantation (2020) 55:1114125



Bone Marrow Transplantation (2020) 55:1114-1125
https://doi.org/10.1038/541409-020-0803-y

Redefining and measuring transplant conditioning intensity

Newer assessment : TCIl Scc

in current era: a study in acute myeloid leukemia patients

RIC/MAC
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SMAC ®RIC
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1Bl

AAblative and effective against most leukemia and
lymphomas

AAbility to penetrate sanctuary site€NS, testis
Almmunosuppressive

Alnduction of single or double stranded DNA break +
membrane damage > cell apoptosis & necrosis



TBI : Toxicity

Adepends on dose, fractionation, interval between the fractionation
and source (coba®0 vs linear accelerator)

AHigher dose reduces relapse but at cost of higher mortality due to
hepatic, Gl and pulmonary toxicity

AFractionation & hyperfractionation reduces organ toxicity while
sustaining antnheoplasticism effect due to intact repair mechanism
INn normal tissue

ALung shielding reduces the risk for long term interstitial pneumonitis
to <4% from >50%

EBMT Handbook 2024



TBI : Toxicity

AAcute : Gl related, Hemorrhagic cystitis, Parotitis, rash
AlLate :
Ainterstitial pneumonitis,
Asinusoidal obstruction syndrome (SOS/VOD),
Acataracts, infertility, hormoneelated disorders, osteoporosis
Agrowth retardation, and secondary malignancies

ANewer modesHelical tomotherapy, Total Marrow Irradiation

EBMT Handbook 2024 (Gruen et al. 2022)



Chemotherapy based regimens

Aldeal chemotherapy :
ASteep dose response curvenyelotoxicitfy being dose limiting
ATolerable at higher dose
ACell cycle nospecific
ASynergistic with other drugs

AAlkvlator basedBu. Cy. Mel, Treo, thiotepa (By. FleBu. Fld
Mel etc




Busulpahan

AOral & IV
AMetabolised in liverglutathione based
ADose is weight and age dependent

AOral needs PK monitoringbioavailability
variable, more emetogenic, more hepatotoxic

APenetrates blood brain barrier



Busulpahan : Toxicity

AGI

ASOS/ VOD

ASeizures

APulmonary BPD, fibrosis

ALate gonadal, second malignancies



Other components

AATG

AMonoclonal antibodies

ARadiolabelled antibodie$3!4-tositumomab
(Bexxar) and®Y-ibritumomab (Zevalin) (limited
data)



Rabbit ATG/ATLG in preventing graft-versus-host disease after A EBMT
allogeneic stem cell transplantation: consensus-based

- . . Bone Marrow Transplantation (2020) 55:1093-1102
recommendations by an international expert panel At Ak A SR/ TADSOST 0T

AMAG Prior to matched or mismatched MUD in malignant
disease

APrior to matched sibling PBSCT (limited evidence)

ARIC or NMArisk of relapse vs GVHD to be balanced based on
other risk factors

ANo consensus in T cell replete Haplo with PT Cy
ABenign diseases to prevent GVHD & graft failure



Alemtuzumab

AHumanised AntCD52 1gG1 monoclonal
antibody

Aln vivo T cell depletion
AReduction in GVHD

ARisk of viral reactivation



Journal of
JIM Internal Medicine
= 1. Intensive therapy?
3. Transplant?

2. Non-intensive?

1+ 2? Only tablets? Only injections?
1+2+37 - @

2?7 47 <
Pick one! {%
W

]

Acute Myeloid Leukemia in patients
we judge as being older and/or unfit

4. Just supportive care?




Determining Treatment Tolerance and Fitness Criteria for Intensive

Chemotherapy in Older Adults with Acute Myeloid Leukemia: A Call to Action

BB,
i ﬁ
Comorbidity burden - Older ulw receiving —
AML chemothe Early mortality
AN
Cognition Treatment‘ m
related Serious toxicities
° - measures I toxicities ®
Physical function Functional decline
Q Multicenter prospective validation study @
W S T should include diverse patient populations Decline in HRQOL
e
Conclusions: 1. Geriatric assessment can determine fitness for intensive chemotherapy in older adults with
AML. 2. Validation of fitness criteria can advance patient care, inform trial design, and facilitate drug Blood
labeling. Visual
Bhatt et al. DOI: 10.1182/blood.2023022611 Abstract




Biology of Blood and
Marrow Transplantation

journal homepage: www.bbmt.org

Prognostic Performance of the Augmented Hematopoietic Cell 3
Transplantation-Specific Comorbidity/Age Index in Recipients of ek
Allogeneic Hematopoietic Stem Cell Transplantation from Alternative

Graft Sources

Mahmoud _Elsaw1y)‘ "i, Barry E. -St_qr‘eg"?,_ Filippo l\ilila-nof, Brenda M. S_iandmgier"z,
A Includes :
AHematopoietic Cell Transplantatiedpecific Comorbidity Index (HCT)
Aage
Aalbumin

Aferritin
Aplatelets

* M. Elsawy et al. / Biol Blood Marrow Transplant 25 (2019) 164352



Clinical Hematology International
Vol. 3(4); December (2021), pp. 153-160

DOI: https://doi.org/10.2991/chi.k.210731.001; eISSN 2590-0048
v https://www.atlantis-press.com/journals/chi/

Review

Conditioning Regimens for Frail Patients with Acute

Leukemia Undergoing Allogeneic Stem Cell Transplant:
How to Strike Gently

Francesco Saraceni 2, Ilaria Scortechini, Alessandro Fiorentini, Maria Vittoria Dubbini,

* F. Saraceni et al. / Clinical Hematology International 2021, 3(4)i%®



Conclusions

AConditioning regimens are integral part of HCT, enabling
engraftment and providing an antitumor effect

AConsists of myelodepletion and lymphodepeletion

AType and intensity depends on disease and agenadidities, and
disease status.

AComponentsTBI, chemotherapy, serotherapy, monoclonal
antibodies and targeted therapy depending on disease and types o
donors.

AMAC, RTC, RIC, and NMA in decreasing order of dose intensity.
ARIC conditioning made Allo SCT accessible to elderly



Engraftment, Graft Failure
and Graft Rejection

Dr. Anant Gokarn



Case

A23 year male.

APresented with fever and fatigue x 1 week.
ANo significant past medical history

AHe was diagnosed AML intermediate risk.
APost 3+7 induction he was in MRD negative.

AHe underwent matched sibling donor transplant
with FLU+MEL conditioning and CSA + MTX



ANeutrophil engraftment Day 16

ADay 14 chimerism was 96% donor.
APatient was well.

A Chimerism done on day 48ropped to 76%.

ACSA was rapidly tapered and stoppeldwever day 90
chimerism dropped to 35% and patient developed
pancytopenia again.



A Fundamental goal of hematopoietic stem cell (HSC)
transplant Is toestablish longerm effective hematopoiests
production of RBCs, WBCs, Platelets

A Engraftment is process by which hematopoietic stem cells
(HSCs) make their waydming to BM niches

A They find optimal BM microenvironment to proliferate and
generate all hematopoietic cell subsets



Definition of Engraftment

A Engraftment is most commonly defined as the first of three
consecutive days of achieving a sustained peripheral blood
neutrophil count o>500x% 106/L (Wolff2002).

A Platelet engraftment isisually defined as independence
from platelet transfusion for at least 7 days with a platelet
count of more than >28 109/L {Teltschiket al.2019).



Factors affecting engraftment

AGraft source
AType of transplant

AType of conditioning



Graft source

APBSC graft engrafts earlier than BM grafts.

ADelay in engraftment if cord grafts are used.



[l e ]
BLOOD

€ blood

e 12, 15 June 2000, Pages 3702-3709

Transplantation

Blood stem cells compared with bone
marrow as a source of hematopoietic cells
for allogeneic transplantation

A 288 HLA identical sibling PBSC grafts compared with 536 HLA identical BM grafts (all T replete)

Median time to neutrophil engraftment 14 days vs 19 days.
Median time to Platelet engraftment 18 days vs 25 days.

A
A
A Incidence otGVHDwas 65% vs 53%.

A Relapse rates were higher with BM grafts in advanced leukemia and CML blast crisis (but not in
early leukemia and CML CP)

RlanAd 2000 -0R-2A70MN\27
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e NEW ENGLAND A
JOU RNAL ﬂf MEDICI N E % ;E: .L""‘—,,__'Ptnph:'ralhln:rd
= ] - -
ESTABLISHED IN 1812 OCTOBER 18, 2012 % jE_ B m o
z 30-
Peripheral-Blood Stem Cells versus Bone Marrow S
from Unrelated Donors o o
A 550 patients with myeloid malignancies “ e 3
(AM L/C I\/I M L/M F/C M L ) Wlth 5/6 Or 6/6 Figure 1. 5u.nri'ur3| after Fl'n.ndnmi.zatiﬂﬂ in the Int_.enti-nn-tﬂ--TrE:!t Anal_rsis.
The P value is ﬁ'ﬂm_a stratified binomial comparison a.t the 2-year point. The
matched siblings. fents i each group were il aive ot 6 momtie - P

A The median time to neutrophil engraftment was 5 days shorter (P<0.001).
A The median time to platelet engraftment was 7 days shorter (P<0.001).

A Primary graft failure occurred in 2% vs. 6%.

A Secondary graft failure occurred in 1% vs. 3% of patients.

A The total incidence of graft failure was 3% vs 9%.

N Engl J Med 2012;36



otem Cell Transplantation Articles

Engraftment kinetics and graft failure after single umbilical cord blood
transplantation using a myeloablative conditioning regimen

Annalisa Ruggeri,*** Myriam Labopin,? Maria Pia Sormani,* Guillermo Sanz,” Jaime Sanz,” Fernanda Volt,*

Gerard Michel.,* Franco Locatelli,” Cristina Diaz De Heredia,® Tracey O'Brien,” William Arcese,' Anna Paola lori,*
Sergi Querol,” Gesine Kogler,” Lucilla Lecchi,* Fabienne Pouthier,” Federico Garnier,*® Cristina Navarrete,”
Etienne Baudoux,” Juliana Fernandes,* Chantal Kenzey,®* Mary Eapen,” Eliane Gluckman,**** Vanderson Rocha,****
and Riccardo Saccardi**** on behalf of Eurocord, Cord Blood Committee EBMT and Netcord

A Eurocorddata :
A 1268 patientsmainly children

A Median time to neutrophil engraftment was 25 days in children (11
108 days)

A Median time to neutrophil engraftment was 23 days in adults (11
116 days)

Haematologica. 2014



AEngraftmentbeyond day 42 was associated with
significantly higher transplasfrelated mortality;

ATRM 25% for patients engrafting within 21 days
ATRM 29% for patients engrafting between22 days,
ABO% for those enarafting between 3P days,

A irafted beyond 42 dags0(07).
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st o e Haematologica. 2014



Type of Transplant

AHaplovs. MUD

AHaploidentical transplant with PTCgelayed
engraftment compared to MUD



Haploidentical Versus Matched Unrelated Donor Transplants Using i
Post-Transplantation Cyclophosphamide for Lymphomas 1

Alberto Mussetti'*, Abraham S. Kanate“, Tao Wang ™, Meilun He’, Mehdi Hamadani®,

Hervé Finel Sr.’, Ariane Boumendil Sr.”, Bertram Glass’, Luca Castagna®, Alida Dominietto”,
Joseph McGuirk'", Didier Blaise'', Zafer Giilbas'“, Jose Diez-Martin'”, Steven G.E. Marsh'*'”,
Sophie Paczesny'®, Shahinaz M. Gadalla'’, Peter Dreger'®, Mei-Jie Zhang™, Stephen R. Spellman”,
Stephanie J. Lee' ™", Yung-Tsi Bolon’, Anna Sureda’

A 2140 patients of lymphoma (1830 lvaplocohort and 310 in MUD)

A Cumulative incidence of neutrophil recovery at day 28 was 90% in
the haploidentical group compared with 93% the MUD group
(overall P < .001).

A The day28 cumulative incidences of platelet recovery was 54%
and 66%

TransplantationandCellularThe



Outcomes Haploidentical Matched Unrelated Overall P Value
N Prob (95% Cl) N Prob (95% CI)
Neutrophil engraftment 1753 292 =001
28-day 90% (89%-92%) 93% (90%-96%)
100-day 96% (95%-97%) 98% (96%-99%)
Platelet recovery 1653 259 =001
28-day 54% (51%-56%) 66% (60%-71%)
100-day 86% (84%-87%) 92% (88%-95%)

TransplantationandCellularTh



Type of conditioning

A Non myeloablative vs myeloablative

A Early retrospective analysis suggested that-noyeloablative
conditioning resulted In earlgngraftement

A Blood, Vol 91, No 3
(February 1), 1998: pp 75653

A However, subsequent studies did not confirm tHdC may be
assoclated with higher Graft failures.



A Two crucial events are expected to occur after-&lOT:

Engraftment of donor stem cells Appropriate graft function.

The first Is defined by the proportion of donor cells on chimerism assessment of bone marrow and/or
peripheral blood.

The second event is hematologic recovery or graft function.

Ideally, a patient will achieve full donor chimerism and rapid /complete hematologic recovery, including
neutrophils, platelets, and hemoglobin.

However, some patients may achieve full donor chimerism with incomplete hematologic recovery and vice
versa.



Graft Failure (GF)

A GF is defined as the lack of hematopoietic cell engraftment (ANC< 500/uL)
following autologous or allogeneic SCT

A It is classically divided into:
A primary graft failure: in the sStmonth of transplant

A secondary graftailure.

A Donor chimerism becomes low



Graft Failure (GF)

AOne of the most dreaded complications of allo
HSCT

ANot common < 5% in matched sibling donor.

AHas poor outcomes.



Graft Rejection (GR)

A The term graft rejection refers to immurmediated rejection of the
donor cells by residual host cells because of genetic disparity
between the recipient and the donor.

A

A This term is only relevant to allogeneic transplants.
A It is a major cause of graft failure.

A Marrow graftrejection is usually defined kijie absence of donor
cells In a patient with pancytopenia aneduced marrow cellularity



APoor graft functionfrequent dependence on blood
and/or platelet transfusions and/or growth factor
support in the absence of other explanations, such
as disease relapse, drugs,loiections.

A Donor myeloid and lymphoid chimerism are within
a desirable target level



A Guidelines differentiate between graft rejection and graft failure
because they have different therapeutic implications.

A Graft rejection as an immunreediated process, whereas graft
fallure represents a wider array of possibllities, including cell dosing,
disease, Infection, drugs, and an iImmumediated event.

A The termgraft failure is agnostic of relapse.



Risk factors for Primary GF

A Multiple transfusions preéransplant

A Severe Aplastianemia multiple transfusion leads to alo
Immunization.

A Thalassemialncidence of rejection or GF is higher due to intact
Immune system. GF Is high In patients who have iron overload.

A Graft source:

A BM as a source has a higher risk of primary GF compared to BM.
Unrelated cord blood highest incidence of engraftment failure.



Risk factors for Primary GF

ACell dose:
A< 2.4 x 18K of RM araft cell doseesults in

pe o
. Progenitors  transplant Amount of cells

40% I n C re a BM Autologous ~ TNC: 2 x 10%/kg n ary G I:
progenitors  Allogeneic TNC: 3 x 10%kg

PB Autologous Minimum:
progenitors CD34 > 1 x 10%kg
Optimum:

CD34 > 2 x 10%kg

Allogeneic Minimum:
MAC CD34 > 2 x 10°kg
Optimum:

CD34 > 4 x 10%kg

Allogeneic Minimum:

RIC CD34 > 2 x 10°kg
Optimum: CD34
4-8 x 10°/kg

Cord blood  HLA 4-6/6 TNC >2.5-3 x 107/kg
CD34>1x10°/kg



APresence of Donor specific antibody:

AThe risk of rejection for patients with DSA <
5,000 MFI 1s 9% vs. 54% for patients with DS/

> 5,0C

ARisk o
5000 |

= ft almost 100% if DSA >
= nent fixing.

http://dx.dol.org/10.101¢



Causes of Graft Fallure

Pretransplant (difficult to modify) Pretransplant (easy to modify) Peri- and post-transplant
HLA mismatches Graft source CD34+ cell count
Non-malignant disease Conditioning Viral infections
Advanced disease T-cell depletion GVHD

Extensive marrow fibrosis Drug toxicity

Donor age

Splenomegaly

Iron overload

HLA antibodies

Transfusion history

Insufficient
Conditioning

Immune
(Graft rejection)

Abnormalities in
donor HSC

Abnormalities in
Drugs host microenvironment




Management of Gratft failure/rejection.

Prevention

|dentifying treatable cause

Growth factors

Tapering iImmunosuppression and DLI
CD 34 boost

2"d transplant



Prevention

AAvoid multiple transfusiongre-transplant.
AOptimal source of stem cells

AAlways test for DSA before haghtentical
transplant.



AUse of desensitization regimen for DSA.
AUse of plasmapheresis

AUse of rituximab
Rllnn af mmlbinle wlatalat seanqgfysion, buffy

® 2
E _ IE
O T 13
Ooti . S £ o T m 8 |5
ptiona | bortezomi b FE = [ E = Flu = > IE
1h]
v 7 Y YV v ¢$$E?¥¥¥¥Aaa
T T T T T T T T T T T T Tl
-25 -24 -23 -22 -21 -20 -19 -18 17 -16-15-14 13 1211 10 9 -8 -7 6 -5 4 -3 -21-1 10
Treatment day
* Bortezomib 3 Melphalan 140 rr1ga“rr1E
ng ; Fludarabine 40 r"rlga‘r"rl2
IVIG
TBI
Ima A

Ciurea SO, et daBoneMarrow
TrancnlantatinAdA u n anma\ADN-r KRBV


https://www.nature.com/bmt
https://www.nature.com/bmt

ldentify treatable causgf Graft dysfunction

A Viral infection
A Monitoring of CMV
A Monitoring for EBV, Adeno, Parvovirirs high risk patients.

A Drugsc e.g. Ganciclovir.
A Stop all potential myelotoxic drugs at earliest.

A Thrombotic micreangiopathy High index of suspicion.

A Relapsein hematopoietic malignancies.



Use of growth factors

A GCSF use:
A Limited utility in graft rejection and primary graft failure

A May be useful in graft dysfunction especially drug induced myelosuppression.
A But is a reasonablestline approach.
A TPO analogs

A Data is scarce
A Eltrombopagmay be safe to useAA



Stopping IMmmunosuppression

AUsual 3tline approach for mixed chimerism

Aespecially in high hematological malignancies
especially when there Is high probability of
relapse.

ARisk of GVHD



USE of DLI.

AOften used in patients with slippage chimerism.
ACareful selection of patientgan trigger GVHD.

AMay use escalated doses everg fveeks in
patients with high risk malignancies with dropping
chimerism, or detectable MRD.



USE of DLI.

AMay be frozen DLI at time of primary harvest

AFresh collection of DLI by phlebotomy or
leukapheresis.



USE of DLI.

Donor lymphocyte infusions after first allogeneic hematopoietic
stem-cell transplantation in adults with acute myeloid leukemia:
a single-center landmark analysis

Andrés R. Rettig ' (® - Gabriele lhorst? - Hartmut Bertz' - Michael Liibbert’ - Reinhard Marks' - Miguel Waterhouse ' -
Ralph Wasch' - Robert Zeiser' « Justus Duyster ' - Jiirgen Finke'

A Preemptive DLI improvedyeear OS (43% vs 10%)
with minimal incidence of highrade GvHD.

A Patientswith mixed chimerism fared significantly
better than those treated for MRD, possibly signifying
a more favorable biological trajectory

0 1.000 2.000 3,000
Time (days)



Use of DL

AACTREC DATA

AAML patients who received therapeutic DLI (n=20),
30% (6) were alive at 2 year follow up

AVs 80% (12) of 15 patients who received-pre
emptive DLI were alive at 2 year follow up



Use of CD 34 boost

AHas been used in graft dysfunction.
ANot clear when to use CD 34 boost

AMay be used if initial measures fail foi32
montns.



Use of CD 34 boost

Outcomes with CD34-Selected Stem Cell Boost for Poor Graft Function
after Allogeneic Hematopoietic Stem Cell Transplantation: A Systematic ““m
Review and Meta-Analysis

Moazzam Shahzad ', Raheel S. Siddiqui'+, Iqra Anwar', Sibgha Gull Chaudhary', Tayyaba Ali',
Masooma Naseem”, Tehniat F. Ahmed', Zahoor Ahmed', Sharad Khurana®, Nausheen Ahmed',
Ramesh Balusu', Anurag K. Singh', Peiman Hematti’, Natalie S. Callander”, Sunil H. Abhyankar',
Joseph P, McGuirk', Muhammad Umair Mushtaq'

209 patients received Cd 34 boost for poor graft function.
Median dose received 3.4 x9YKg

Median followup of 42 months

OS ranged from 80% at 1 year to 40% at 9 years.

The incidences of acute and chronic GVHD after boost were 17% and 18% respectively.
Nonrelapse mortality was reported in 42 patients

o To To Do Po To Ix

Death due to relapse was reported in 25 patients, 17%



2"Y allogeneic transplant

Type of donor  Similar results using the same/
different donor. Consider a different
donor 1f 1t 1s not associated with
significant delays. Consider
haploidentical donors.

Always avoid donors 1f positive DSA

Conditioning It 1s always required. Better RIC

regimen

Posttransplant It 1s required; CNI-based schemes are
IS the most commonly used

Stem cell PB or BM show similar results and
source should be preferred to CB

T-cell depletion — avoid ex vivo T-cell depletion,
especially if with immune graft
rejection
— 1n cases of poor graft function, 1t
can be a good option as it reduces the
potential risk of GVHD
— ATG or alemtuzumab have been
used to foster IS and also to reduce

the GVHD nisk



2"Y allogeneic transplant

Donor (same/different)  Engraftment
Author (year) n patients diagnosis source (median d) OS
Gaziev (1999) 32 (1°, 4; 2°, 28) 28/4 67.7% (+19) 3 years: 60%
Thalassemia All BM
Guardiola (2000) 82 (1°,7; 2°, 54) 56/26 62% (+17) 3 years: 33%
Hem Neo., AA 72 BM; 10 PB
Min (2000) 20(1°,7;2°,10) 20/0 75% (NR) 3 years: 70%
Hem Neo, AA 6 BM, 14 PB
Chewning (2007) 16 (1°,11;2°,5) 6/16 100% (+12) 3 years: 35%
Hem Neo, FA 13 PB (8 TCD),
2BM,1CB
Gyurkocza et al. 38 (1°, 18; 2°, 20) 14/24 87% (+13) 4 years: 42%
(2009) Hem Neo, AA 36 PB.1 BM., 1CB
Schreiber (2010) 122 (1°, 122) OR/24 66% (NR) 1 year: 11%
Hem Neo, AA 60 PB, 62 CB
Remberger (2010) 20 (1°, 6; 2°, 14) 11/9 90% (+20) 3 years: 60%
Hem Neo, Non-Mal 7PB. 11 BM, 2 CB
Fuji (2012) 220 (1°, 200; 2°, 19) 0/220 CB 30% (21) 1 year PB:58% CB:
Hem Neo, Non-Mal 24 PB., 16 BM, PB-BM 70-75% 28%
180 CB (18—14)
Ferra (2014) 89 (1°, 49; 2°, 40) 38/37 83% (+15) J years: 31%
Hem Neo, Non-Mal 61 PB, 6 BM, 8 CB
Nagler (2023) 243 (all 1° GF and 17.3% 5 years: 30.7%

AL)



CASE

ABM done twice on day 45 and day 90 was MRD

nanatinia far ANAI
Conditioning — FIu-Cy-ATG

Inj. Cyclophosphamide 60 mg/Kg (3900 mg) _

Fungal Prophylaxis: Posaconazole

GvHD prophylaxis: Cyclosporine + Methotrexate (4 doses) D+1, D+3, D+6, D+11



To conclude

Graft rejection is Immune mediated

Gratft failure (associated with loehimerism$ and graft dysfunction (associated with satisfactory chimerism) have
various causes

Try to find a cause

Tapering iImmunosuppression and growth factors are ustiih® of management for dropping chimerism and gratft
dysfunction.

DLI/ CD 34 boost may be used.

2"d transplant is an option in case of graft failure and if feasible.



Thank you



BMT MASTERCLASS
ORGANISED BY ISBMT

21st & 22"d December 2024

SEROTHERAPY : RABBIT & HORSE ATG

Dr Ganesh S Jaishetwar
Yashoda Hospital, Hitec City, Hyderabad
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A What is the role of ATG in HSCT for GVHD Prophylaxis
A Who needs ATG during HSCT

A Where and When ATG is incorporated in HSCT
AHowmany Types of ATGGS

A Why is the need for ATG in the era of CNI + MTX backbone

and explosively evolving  PTCY across all Allo -
HSCT platforms



7 ISBMT ¢

Indian Society for Blood & Marrow T antation

Why Does GVHD Occur? i

A Graft invades and A Causes and risk factors
cannot be rejected

A T-cells from alleHSCT

see new environment as
foreign A Multiparous female donor to

male recipient

A Incompatible HLA match
A Older age of recipient and/or donor

A Immunocompetent cells

attack host cells weakened A Stem cells from peripheral blood

rather than bone marrow or UCB

by iliness, conditioning and

nossibly expressing A Ineffective GVHD prophylaxis
neoantigens from injury A Intense conditioning

INn the context of an R CMV serostatus
Inflammatory environment

. Nassereddine. Anticancer Res. 2017;37:1547. Zeiser. NEJM. 2017;377:2167. Copelan. Blood Rev. 2019;34:34. WWVLISEBMI.ORG



Pathophysiology of GVHD

Dendritic cells / hnsi/\ T-cells / donor

@ CD4
MHC II TCR
activation | V
g' Jicense to kill
- CD 8
MHC |

/




Why Is Focusing on GVHD RIsk Important?

Cause of Death at O100 Days Post kK&68T in t|

% \m\i\‘
, - ‘

mmtf

= Primary disease = Graft rejection = GVHD = Infection = Organ failure = Secondary malignancy = Hemorrhage = Other = Unknown = Primary disease =

*3-yr mortality data.

cibmtr.org/ReferenceCenter/SlidesReports/SummarySlides/pages/index.aspx.



Probabilty

1.0

08

0.6

04

02

0.0

Cumulative Incidence of c¢GVHD over years of
transplant

— 1995—1999 (n=10444)
= 2000—2003 (Nn=6573)
2004—-2007 (n=6711)

CIBMTR

CENTER FOR INTERNATIONAL BLOOD
& MARROW TRANSPLANT RESEARCH

S. Aral et al.

Biol Blood Marrow Transplant 21
(2015) 266e274

_---_—_----—---———----—--——————-—————---—-_-—
oAy o ;A e, S S
— ——
- —
-

12 24 36 48 (10
Months



Abnormal microbiota and

Tissue conditioning damage GIT mucosa
1 Collapse of intestinal
damage microbiota diversity

Enterocyte

Cytokine e
storm :

Paneth cell

S
- 'Gfsc

2 Donor T-cell
~ activation
TCR, IFN-y and IL-12

signaling induce T-bet in
naive CDA' T cells

Host
Non-HP APC

N \

e e
@
o. l

& e .
O Recruitment
of non-immune

effectors
(PMN, macrophages)

3 T-Cells licenced
for target-organ attack

Loss of regulatory T-cells

Prophylaxis

ATG/Alemtuzumab
PTCY

T-cell depletion
a/B, 45RHO

CNI/MTX/MMF
Sirolimus

Abatacept

Anti-homing
Vedolizumab
Maraviroc

Therapy
Prednisone
Ruxolitinib
ltacitinib

Tocilizumab
Anti-TNF
Basiliximab

ECP

New approaches

Regeneration of GIT
Stem Cells:

IL-22, Lithium

GIT Mucosa protection:
FMT

Blocking the immune

effectors trafficking
Begelomab (anti-CD26)

Pleyotropic activity ( (anti-
inflammatory-
immunomodulatory)

MSC,PDSC
al-antitrypsin




GVH Prophylaxis over time

1987: Low dose Cy/Steroids
for matched HCT, Santos et al

. - - 127.
1986: CSA/MTX for  1998: Tac/MTX for 2008: non-malignant disease ' “’;
MSD HCT®> MSD HCT8¢ PTCy/MMF/Tac for PTCy/Tac/MMF for MA
NMA haplo-BMT® haplo-PBSCT'4>

1990

1980

1998: Ex vivo
selection

Red: Cyclophosphamide/PTCy
Blue: Calcineurin inhibitor
Green: Ex vivo graft manipulation

Purple: ATG

C Yrarnma* AIhatarsand
range. Apatacepl

2000

2019: BMT CTN 1203 - PTCy
2010: Single agent PTCy 2014: PTCy/MMF/Tac for ©utPerforms maraviroc and

for MA matched-BMT8? NMA haplo-PBSCT'46:147

2012: PTCy/Tac/MMF/ATG
for NMA haplo-BMT for

bortezomib for NMA
matched-HCT*

2021: PTCy/MMF/Siro for
NMA MMUD HCT’; BMT
CTN 1301 - single agent

PTCy is equivalent to
Tac/MTX for MA matched
BMT'?

2019: CSA/Siro/MMF for

CD34+ NMA MUD HCT®®

144
2009: ATG for MUD HCT>® 2017: af T cell and B-cell

depletion for haplo-HCT'4"

2014: Tac/Siro for matched
BMT148

Leo Luznik et al, Blood JAN 2023 ; VOL 141 (1); 49-59

2021: Abatacept/CNI/MTX for
MA MMUD HCT?®:
CSA/Siro/MMF for MMUD

HCT4?



GVHD Prophylaxis

A Differs from institution to institution
A Cyclosporine + methotrexate
A Tacrolimus + methotrexate
A Tacrolimus + sirolimus
A T-cell depletion, ex vivo, or in vivo (ATG, alemtuzumab)

A Posttransplant cyclophosphamide (alone or with tacrolimus or
sirolimus and MMF)

Ruutu. Bone Marrow Transplant. 2014;49:168.



0 o L{’ > S S Prednisorie .S g’
8 ®© — — =9 ECP o
o g Thymic injury S E Ruxolitinib -8-8
2k Loss of central g’ ‘- Belumosudil O £
=" tolerance o qg - T-Reg infusion g— o
- HIF= 8E 5
pali e o 2

' g ¢ cis

Inflammatory | 444+ - - O " | Fibroblasts
: - 2a.lL-2 =0
cytokines i

Low-dose

IL-17....
et ) ECP

T-reg BOS
s TGF-p bro::;:i-olar

donor T-calls activate
donor B-cells

PDGF

fibrosis

Aberrant B
cell activation
(auto-Abs)

3b. Belumosudil
Nintedanib
Pirfenidone
TKI! (Imatinib)

2b.|brutinib Macrophage
Fostamatinib Polarization

Belumosudil Bortezomib GM-CSF

3a.Axatilimab




ATG and cGVHD

A Chronic GVHD is the second leading cause of death among
patients who survive for 2 years  after HSCT
(Wingard et al JCO 2011)
A Chronic GvHD remains the most important factor for

Impaired QoL after HSCT

A ATG remains the most successful prophylactic intervention

for reduction of cGVHD

(Kansu et al Blood 2001, Sullivan et al BBMT 1996)



ATG/ATLG: Polyclonal Immunoglobulins

ARabbit -anti -human thymocyte globulin (Thymo -globulin ©)

- Vaccination of rabbits with human thymocytes

ARabbit -anti -human T -lymphocyte immune serum

(former : ATG-Fresenius® now: ATLG Neovii ®)

- Vaccination against Jurkat cell line (T lymphoblastic cell line)

AHorse -anti -human globulin  (ATGAM ©)




ATG : Mechanism of Action

A ATG induces dose -dependent T -cell depletion in blood and

peripheral lymphoid tissues

A Depletion might involve complement -dependent lysis and

activation -associated apoptosis

A Other functional properties (e.g. anergy ) might contribute to

Immunosuppressive activity of ATG




Summary of rATG Mechanism of Action

* The polyclonal nature of rATG is
reflected in its diverse effects on
the immune system :

— T-cell depletion in blood and
peripheral lymphoid tissues

— Interference with
leukocyte/endothelium
interactions

— Apoptosis in all B-cell lineages
— Induction of Tregs/NKT cells

rATG provides multifaceted
Immunomodulation

rATG: rabbit Antithymocyte Globulin. T reg: regulatory T cells. NKT: Natural Kifler (NK) T cells.
APC: Antigen-Presenting Cell. DC: Dendritic Cell.

Mi
lym

Immature_ i
DC < .

Kn to
ode

Adapted from Mohty M. Leukemia. 2007;21(7):1387-94.



Target Antigens of ATG

Immune Response
Antigens

Adhesion & Hetergg |

ell Traffic IN Dath
CDla ° CD28 2018 (B EbE

CD3/TCHCD30 bD44 CD5S
CD4 CD32 CD49/CD29 ( CDo
CD6 CD40 CD11Db
CD7 CD80 CDol/ol CD29
CD38 CD36 CD38
CD16 CD152 CD40
Bonnefoy-Bérard et al, TrLc';;;pl-a:;tlatlon 1091, CDA45
CD95

‘Bonnefoy-Bérard et al. Immunology. 1992,
i ey s NN

Bonnefoy-Bérard et al. Blood. 1992;
‘Bonnefoy-Beérard et al. J Heart Lung Trans.

1996; Bourdage et al. Transplantation. 1995;
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Therapeutic interventions across GVHD biology
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Difference between ATG and T - cell depletion
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Standard graft-versus-host disease prophylaxis with 3@
orwithout anti-T-cell globulin in haematopoietic cell

transplantation from matched unrelated donors:
a randomised, open-lahel, multicentre phase 3 trial

Jrgen Finke Woltgang A Bethe, Cloudia Schmaar, Helmut D Ottinger, Matthias Steljes, Avel RZander Lisa Volin Tapani Ruuty
Dominik A Heim, Rainer Schweratfeger, Korim Kolbe, i Mayer, ohan A Magrtens, Wernar Linkesch, Ernst Holl, Viadimir Kaza, Martin Barmhauser
Hemann Einsete, Hans- ochem Kolb, Hartmut Bertz, Matthias Eqger, Olga Grishing, Gérard Soci, forthe ATG-Fresenius Trial Group




ATG for MUD: Randomized trial
Incidence of aGvHD Illl- IV and cGvHD

160} {EF EEEEERERREERE SRR R EEETrE R R CEEE R ERE D SEREEREE
_| 1 . : : : . :
e | - L I T T T T
()] ' . Z Z Z Z
T | | | | |
% - ' : : | i
5 | | ; ; | 25.5%
I A : ;
% E'.EE' """""""" """" .: .-'--"--'---'- ---------------------------------------
-E . .-;-"'-I- :
- | e | 11.7%
{}.m_ .I ....... D ......................................
] ! ] ! . T T YT T Tt 7
0 10 20 30 40 50 60 70 80 90 100
Number
at risk Days post TX
ATG 103 102 96 g2 89 89 86 85 83 81 81
Non—ATG 98 95 86 77 72 70 68 67 66 65 64
Randomized treatment ATG — mmmmmemees Non—-ATG

Incidence of cGvHD (lim./ext.)

Number
at risk

ATG
Non—-ATG

0751

1.00 -

p < 0.0001*
e ........ o 6 O% .......
'.
0 6 12 18 24 30 36 42 48
Months post TX
90 62 41 34 31 25 18 11 8
80 38 14 9 9 6 2 1 0
Randomized treatment ATG e Non—-ATG

* Cox regression (adjusted for source of stem cells and status of disease)

Finke et al., Lancet Oncol 2009
Socie et al., Blood 2011

Einke et al | ancet hematology 2017




Disease - free and over survival

Disease -free survival rate

MNumber
at risk

ATG

MNon — ATG

Overall survival rate

Number
at risk

ATG
MNon —ATG

Qo0

1.00 4 -
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* Cox regression (adjusted for source of stem cells and status of disease)




A Prospective Randomized Double Blind Phase 3 Clinical Trial of
Antl - T Lymphocyte Globulin (ATLG - Grafalon ) to Assess Impact on
Chronic Graft - Versus- Host Disease ( cGVHD) Free Survival
In Patients Undergoing HLA Matched Unrelated Myeloablative HCT

Robert J. Soiffer, Haesook T. Kim, Joseph McGuirk, Mitchell E. Horwitz, Laura Johnston,

Mrinal M. Patnaik, Witold Rybka, Andrew Artz, David L. Porter, Thomas C. Shea, Michael

W. Boyer, Richard T. Maziarz, Madan H. Jagasia, Paul J. Shaughnessy, Usama Gergis,

Hana Safah, Ran Reshef, John F. DiPersio, Patrick J. Stiff, Madhuri Vusirikala, Jeff Szer,
Jennifer Holter, James D. Levine, Paul J. Martin, Joseph A. Pidala, lan D. Lewis, Vincent T.
Ho, Edwin P. Alyea, Jerome Ritz, Frank Glavin, Peter Westervelt, Yi-Bin Chen
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