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Conditioning

ÅWhat is conditioning?

ÅRationale

ÅTypes of conditioning regimen

ÅTBI and other Drugs

ÅDonor assessment



Conditioning Goals

ÅtǊŜǇŀǊŀǘƛƻƴ ƻǊ ΨŎƻƴŘƛǘƛƻƴƛƴƎΩ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘ ŦƻǊ ǘƘŜ ǘǊŀƴǎǇƭŀƴǘΦ 

ÅThe three main goals of conditioning therapy are:

ÅEradication of disease 

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

Å/ǊŜŀǘƛƻƴ ƻŦ ΨǎǇŀŎŜΩ όƻǇŜƴƛƴƎ ǎǘŜƳ ŎŜƭƭ ƴƛŎƘŜǎ ƻǊ ŀǳƎƳŜƴǘŀǘƛƻƴύ 
in the bone marrow for donor stem cells to engraft

*EBMT Textbook for BMT 2023



ά/ƻƳǇƻƴŜƴǘǎ ƻŦ bƛŎƘŜέ

ωHSCs

ωSupportive cells

- Osteoblasts (endosteal 
niche)-

- Endothelial cell (Vascular 
niche)

- MSCs, Adipocytes

- Macrophages & other 
immune cells

ωMolecular signals

- Cytokines- SCF, CXCL12, 
TGF-ʲ  

- Adhesion molecules

- Oxygen levels



Int. J. Mol. Sci. 2024, 25(13), 6837



How to choose & define of Conditioning 
Therapy?



Choice of Conditioning 

ÅDisease related Factors :

ÅDiagnosis 

ÅStatus of Disease at baseline and at BMT

ÅPatient Related Factors :

ÅAge 

ÅDonor availability

ÅCo-morbidities

ÅHLA matching

ÅPhysician or treatment preference



ωMyeloablative (MA)

ωReduced Intensity (RIC)

ωNon-myeloablative (NMA)

* Biol Blood Marrow Transplant 15: 1628-1633 (2009)



ωMyeloablative (MA)

ω irreversible cytopenia and SC support 
is mandatory.

ωReduced Intensity (RIC)

ωNeither MA nor NMA

ωShould be given stem cell support

ωReversible cytopenia

ωNon-myeloablative (NMA)

ωminimal cytopenia, and can be given 
also without SC support

* Biol Blood Marrow Transplant 15: 1628-1633 (2009)



Reduced Intensity Conditioning
Blood (2014) 124 (3): 344ï353.



Reduced Toxicity Conditioning

EBMT Handbook 2024

ÅComes Under banner of MAC

ÅFewer off target side effects

ÅExample- Flu + clo + Bu or Treo



* Biol Blood Marrow Transplant 15: 1628-1633 (2009)

Examples of MA & NMA Conditionings

Reduced intensity  (RIC)

ωTBI Җ 5 Gy single dose or 
Ò 8 Gy fractionated

ωBu Җ 9 mg/kgoral or IV 
equivalent  

ωTotal Mel <140 mg

ωThiotepa <10 mg/kg

Non-myeloablative (NMA)

ωTBI Ò 2 Gy ± Purine 
analog

ωFlu + Cy ± ATG

ωFlu + AraC + Ida

ωCladribine + AraC

ωTLI + ATG

Blood (2014) 124 (3): 344ï353.



ωBalance in toxicity and 
efficacy

ωAge is a not the primary 
criteria alone

ωNewer drugs and targeted 
therapies hold the future

* Blood. 2014;124(3): 344-353 



Conditioning

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



ÅTransplant Conditioning Intensity Score 

ÅEBMT effort to redefine and measure transplant conditioning intensity (TCI) 

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

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

ÅThis score better predicted non-relapse 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) 55:1114ï1125

Newer assessment : TCI Score



Newer assessment : TCI Score

Bone Marrow Transplantation (2020) 55:1114ï1125



TBI

ÅAblative and effective against most leukemia and 
lymphomas

ÅAbility to penetrate sanctuary sites- CNS, testis

ÅImmunosuppressive

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



TBI : Toxicity

Ådepends on dose, fractionation, interval between the fractionation 
and source (cobalt-60 vs linear accelerator)

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

ÅFractionation & hyperfractionation reduces organ toxicity while 
sustaining anti-neoplasticism effect due to intact repair mechanism 
in normal tissue 

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

EBMT Handbook 2024



TBI : Toxicity

ÅAcute : GI related, Hemorrhagic cystitis, Parotitis, rash

ÅLate :  

Åinterstitial pneumonitis, 

Åsinusoidal obstruction syndrome (SOS/VOD), 

Åcataracts, infertility, hormone-related disorders, osteoporosis

Ågrowth retardation, and secondary malignancies

ÅNewer modes- Helical tomotherapy, Total Marrow Irradiation
(Gruen et al. 2022)

EBMT Handbook 2024



Chemotherapy based regimens

ÅIdeal chemotherapy :

ÅSteep dose response curve - myelotoxicitfy being dose limiting 

ÅTolerable at higher dose

ÅCell cycle non-specific

ÅSynergistic with other drugs

ÅAlkylator based- Bu, Cy, Mel, Treo, thiotepa (Bu-Cy, Flu-Bu, Flu-
Mel etc



Busulpahan 

ÅOral & IV

ÅMetabolised in liver- glutathione based 

ÅDose is weight and age dependent 

ÅOral- needs PK monitoring - bioavailability 
variable, more emetogenic, more hepatotoxic

ÅPenetrates blood brain barrier



Busulpahan : Toxicity 

ÅGI

ÅSOS/ VOD

ÅSeizures

ÅPulmonary- BPD, fibrosis

ÅLate- gonadal, second malignancies  



Other components

ÅATG

ÅMonoclonal antibodies

ÅRadiolabelled antibodies- 131I-tositumomab 
(Bexxar) and 90

90Y-ibritumomab (Zevalin) (limited 
data)



ÅMAC- Prior to matched or mismatched MUD in malignant 
disease

ÅPrior to matched sibling PBSCT (limited evidence)

ÅRIC or NMA- risk of relapse vs GVHD to be balanced based on 
other risk factors

ÅNo consensus in T cell replete Haplo with PT Cy

ÅBenign diseases to prevent GVHD & graft failure 



Alemtuzumab

ÅHumanised Anti-CD52 IgG1 monoclonal 
antibody

ÅIn vivo T cell depletion

ÅReduction in GVHD

ÅRisk of viral reactivation







Å Includes :

ÅHematopoietic Cell Transplantation-Specific Comorbidity Index (HCT-CI)

Åage

Åalbumin

Åferritin 

Åplatelets
* M. Elsawy et al. / Biol Blood Marrow Transplant 25 (2019) 1045-1052



* F. Saraceni et al. / Clinical Hematology International 2021, 3(4) 153ς160



Conclusions
ÅConditioning regimens are  integral part of HCT, enabling 

engraftment and providing an antitumor effect

ÅConsists of myelodepletion and lymphodepeletion 

ÅType and intensity depends on disease  and age, co-morbidities, and 
disease status.

ÅComponents- TBI, chemotherapy, serotherapy, monoclonal 
antibodies and targeted therapy depending on disease and types of 
donors.

ÅMAC, RTC, RIC, and NMA in decreasing order of dose intensity.

ÅRIC conditioning made Allo SCT accessible to elderly 



Engraftment, Graft Failure 
and Graft Rejection

Dr. Anant Gokarn



Case

Å23 year male.
ÅPresented with fever and fatigue x 1 week.
ÅNo significant past medical history
ÅHe was diagnosed AML intermediate risk.
ÅPost 3+7 induction he was in MRD negative. 
ÅHe underwent matched sibling donor transplant 

with FLU+MEL conditioning and CSA + MTX



ÅNeutrophil engraftment Day 16
ÅDay 14 chimerism was 96% donor.
ÅPatient was well.
ÅChimerism done on day 45- dropped to 76%.

ÅCSA was rapidly tapered and stopped.However day 90 
chimerism dropped to 35% and patient developed 
pancytopenia again.



ÅFundamental goal of hematopoietic stem cell (HSC) 
transplant is to establish long-term effective hematopoiesis-
production of RBCs, WBCs, Platelets

ÅEngraftment is process by which hematopoietic stem cells 
(HSCs) make their way (homing) to BM niches.

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



Definition of Engraftment

ÅEngraftment is most commonly defined as the first of three 
consecutive days of achieving a sustained peripheral blood 
neutrophil count of >500 × 106/L (Wolff 2002). 

ÅPlatelet engraftment is usually defined as independence 
from platelet transfusion for at least 7 days with a platelet 
count of more than >20 × 109/L (Teltschiket al. 2016).



Factors affecting engraftment

ÅGraft source

ÅType of transplant

ÅType of conditioning



Graft source

ÅPBSC graft  engrafts earlier than BM grafts.

ÅDelay in engraftment if cord grafts are used.



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

Å Median time to neutrophil engraftment 14 days vs 19 days.

Å Median time to Platelet engraftment 18 days vs 25 days.

Å Incidence of cGVHDwas 65% vs 53%.

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

Blood. 2000;95:3702-3709)



Å1 log greater lymphocytes in peripheral 
graft in comparison to BM graft.

Blood. 2000;95:3702-3709)



ÅT

Å550 patients with  myeloid malignancies

(AML/CMML/MF/CML ) with 5/6 or 6/6 

matched siblings.

ÅThe median time to neutrophil engraftment was 5 days shorter (P<0.001).

ÅThe median time to platelet engraftment was 7 days shorter (P<0.001).

ÅPrimary graft failure occurred in 2% vs.  6%. 

ÅSecondary graft failure occurred in 1% vs. 3% of patients.

ÅThe total incidence of graft failure was 3% vs 9%.

N Engl J Med 2012;367:1487
96.



ÅEurocorddata :

Å1268 patients- mainly children

ÅMedian time to neutrophil engraftment was 25 days in children (11-
108 days)

ÅMedian time to neutrophil engraftment was 23 days in adults (11-
116 days)

Haematologica. 2014 
Sep;99(9):1509-15



ÅEngraftment beyond day 42 was associated with 
significantly higher transplant-related mortality;

ÅTRM  25% for patients engrafting within 21 days

ÅTRM 29% for patients engrafting between 22-30 days, 

Å30% for those engrafting between 31-42 days,

Å37% for those  who engrafted beyond 42 days (P=0.07).

Haematologica. 2014 
Sep;99(9):1509-15



Type of Transplant 

ÅHaplovs. MUD

ÅHaplo-identical transplant with PTCy- delayed 
engraftment compared to MUD



Å2140 patients of lymphoma (1830 in haplocohort and 310 in MUD)

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

ÅThe day-28 cumulative incidences of platelet recovery was 54%  
and 66% 

TransplantationandCellularTher
apy29(2023)184.e1 184.e9



TransplantationandCellularTher
apy29(2023)184.e1 184.e9



Type of conditioning

ÅNon myeloablative vs myeloablative

ÅEarly retrospective analysis suggested that non-myeloablative 
conditioning resulted in early engraftement

Å Blood, Vol 91, No 3 
(February 1), 1998: pp 756-763

ÅHowever, subsequent studies did not confirm this- RIC may be 
associated with higher Graft failures. 



Å Two crucial events are expected to occur after allo-HCT:

Engraftment of donor stem cells                                                Appropriate graft function.

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

Å The second event is hematologic recovery or graft function.

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

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



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

Å It is classically divided into:

Å primary graft failure: in the 1st month of transplant

Å secondary graft failure.

ÅDonor chimerism becomes low

Graft Failure (GF)



Graft Failure (GF)

ÅOne of the most dreaded complications of allo-
HSCT

ÅNot common- < 5% in matched sibling donor.

ÅHas poor outcomes.



Graft Rejection (GR)

ÅThe term graft rejection refers to immune-mediated rejection of the 
donor cells by residual host cells because of genetic disparity 
between the recipient and the donor.

Å

ÅThis term is only relevant to allogeneic transplants.

ÅIt is a major cause of graft failure.

ÅMarrow graft rejection is usually defined by the absence of donor 
cells in a patient with pancytopenia and reduced marrow cellularity



ÅPoor graft function: frequent dependence on blood 
and/or platelet transfusions and/or growth factor 
support in the absence of other explanations, such 
as disease relapse, drugs, or infections.

ÅDonor myeloid and lymphoid chimerism are within 
a desirable target level



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

ÅGraft rejection as an immune-mediated process, whereas graft 
failure represents a wider array of possibilities, including cell dosing, 
disease, infection, drugs, and an immune-mediated event.

ÅThe term graft failure is agnostic of relapse.



Risk factors for Primary GF

ÅMultiple transfusions pre-transplant

ÅSevere Aplastic anemia- multiple transfusion leads to allo-
immunization.

ÅThalassemia- Incidence of rejection or GF is higher due to intact 
immune system. GF is high in patients who have iron overload.

ÅGraft source:

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



Risk factors for Primary GF

ÅCell dose:

Å< 2.4 x 108/Kg of BM graft cell dose- results in 
40% increase in risk of primary GF



ÅPresence of Donor specific antibody: 

ÅThe risk of rejection for patients with DSA < 
5,000 MFI is 9% vs. 54% for patients with DSA 
> 5,000 MFI

ÅRisk of rejection of graft almost 100% if DSA > 
5000 MFI and complement fixing.

http://dx.doi.org/10.1016/j.bbmt.2015.05.001



Causes of Graft Failure



Management of Graft failure/rejection.

Å Prevention

Å Identifying treatable cause

Å Growth factors

Å Tapering immunosuppression and DLI

Å CD 34 boost

Å 2nd transplant



Prevention

ÅAvoid multiple transfusions- pre-transplant.

ÅOptimal source of stem cells

ÅAlways test for DSA before haplo-identical 
transplant.



ÅUse of desensitization regimen for DSA.

ÅUse of plasmapheresis

ÅUse of rituximab

ÅUse of multiple platelet transfusion, buffy-
coat to neutralize antibody.

ÅBortezomib

Ciurea SO, et al. Bone Marrow
TransplantationΤнлмуΩ ро: 521ς534 

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


Identify treatable causeof Graft dysfunction

Å Viral infection

Å Monitoring of CMV 

Å Monitoring for EBV, Adeno, Parvovirus- in high risk patients.

Å Drugs ςe.g. Ganciclovir.

Å Stop all potential myelotoxic drugs at earliest.

Å Thrombotic micro-angiopathy- High index of suspicion.

Å Relapse- in hematopoietic malignancies.



Use of growth factors

ÅGCSF use:

Å Limited utility in graft rejection and primary graft failure

Å May be useful in graft dysfunction especially drug induced myelosuppression.

Å But is a reasonable 1st line approach.

ÅTPO analogs

Å Data is scarce

Å Eltrombopagmay be safe to use sAA



Stopping immunosuppression

ÅUsual 1st line approach for mixed chimerism 

Åespecially in high hematological malignancies 
especially when there is high probability of 
relapse.

ÅRisk of GVHD



USE of DLI.

ÅOften used in patients with slippage chimerism.

ÅCareful selection of patients- can trigger GVHD.

ÅMay use escalated doses every 4-6 weeks in 
patients with high risk malignancies with dropping 
chimerism, or detectable MRD.



ÅMay be frozen DLI at time of primary harvest

ÅFresh collection of DLI by phlebotomy or 
leukapheresis.

USE of DLI.



ÅPreemptive DLI improved 5-year OS (43% vs 10%) 
with minimal incidence of high-grade GvHD.

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

USE of DLI.



Use of DLI

ÅACTREC DATA

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

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



Use of CD 34 boost

ÅHas been used in graft dysfunction.

ÅNot clear when to use CD 34 boost

ÅMay be used if initial measures fail for 2-3 
months.



Use of CD 34 boost

Å 209 patients received Cd 34 boost for poor graft function.

Å Median dose received 3.4 x 106/Kg

Å Median follow-up of 42 months 

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

Å The incidences of acute and chronic GVHD after boost  were 17% and 18% respectively. 

Å Non-relapse mortality was reported in 42 patients

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



2nd allogeneic transplant



2nd allogeneic transplant



CASE

ÅBM done twice on day 45 and day 90 was MRD 
negative for AML.



To conclude

Å Graft rejection is immune mediated

Å Graft failure (associated with low chimerisms) and graft dysfunction (associated with satisfactory chimerism) have 
various causes

Å Try to find a cause

Å Tapering immunosuppression and growth factors are usual 1st line of management for dropping chimerism and graft 
dysfunction.

Å DLI/ CD 34 boost may be used.

Å 2nd transplant is an option in case of graft failure and if feasible.



Thank you



SEROTHERAPY : RABBIT & HORSE ATG

Dr Ganesh S Jaishetwar

Yashoda Hospital, Hitec City, Hyderabad



Outline

ÅWhat is the role of ATG in HSCT for GVHD Prophylaxis

ÅWho needs ATG during HSCT

ÅWhere and When ATG is incorporated in HSCT 

ÅHow many Types of ATGõs

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

and explosively evolving PTCY across all Allo -

HSCT platforms



Why Does GVHD Occur?

ÅGraft invades and 
cannot be rejected

ÅT-cells from allo-HSCT 
see new environment as 
foreign

Å Immunocompetent cells 
attack host cells weakened 
by illness, conditioning and 
possibly expressing 
neoantigens from injury 
in the context of an 
inflammatory environment

ÅCauses and risk factors

Å Incompatible HLA match

Å Older age of recipient and/or donor

Å Multiparous female donor to 
male recipient

Å Stem cells from peripheral blood 
rather than bone marrow or UCB

Å Ineffective GVHD prophylaxis

Å Intense conditioning

Å CMV serostatus

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



Pathophysiology of GVHD



Why Is Focusing on GVHD Risk Important?

53%

1%

GVHD, 11%

14%

13%

1%
2%

2%

3%

Unrelated Donor HSCT

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

56%

1%

GVHD, 13%

12%

11%

1%
1%

1%

4%

HLA-Matched Sibling HSCT

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

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

Cause of Death at Ó100 Days Post HSCT in the United States, 2017-2018*

*3-yr mortality data.



Cumulative incidence of cGVHD over years of 
transplant

S. Arai et al.                             

Biol Blood Marrow Transplant 21 

(2015) 266e274 





GVH Prophylaxis over time

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



GVHD Prophylaxis

ÅDiffers from institution to institution

ÅCyclosporine + methotrexate 

Å Tacrolimus + methotrexate 

Å Tacrolimus + sirolimus

Å T-cell depletion, ex vivo, or in vivo (ATG, alemtuzumab)

Å Posttransplant cyclophosphamide (alone or with tacrolimus or 

sirolimus and MMF)

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





Å Chronic GVHD is the second leading cause of death among 

patients who survive for 2 years after HSCT                    

(Wingard et al JCO 2011)

Å Chronic GvHD remains the most important factor for

impaired QoL after HSCT

Å ATG remains the most successful prophylactic intervention 

for reduction of cGVHD

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

ATG and cGVHD



ATG/ATLG: Polyclonal Immunoglobulins

ÅRabbit -anti -human thymocyte globulin (Thymo -globulin
®
)

- Vaccination of rabbits with human thymocytes

ÅRabbit -anti -human T -lymphocyte immune serum

(former : ATG-Fresenius
®   

now: ATLG Neovii
®
)

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

ÅHorse -anti -human globulin (ATGAM
®
)



ATG : Mechanism of Action

ÅATG induces dose -dependent T -cell depletion in blood and 

peripheral lymphoid tissues

ÅDepletion might involve complement -dependent lysis and 

activation -associated apoptosis

ÅOther functional properties (e.g. anergy ) might contribute to 

immunosuppressive activity of ATG



Summary of rATG Mechanism of Action



Target Antigens of ATG

CD1a

CD3/TCR

CD4

CD6

CD7

CD8

CD16

CD19

CD20

CD25

CD28

CD30

CD32

CD40

CD80

CD86

CD152

(CTLA-4)

HLA class I

HLA class II

CD11a/CD18 (FLA -1)

CD44

CD49/CD29  (VLA -4)

CD50 (ICAM -3)

CD51/61

CD54 (ICAM -1)

CD56

CD58 (LFA-3)

LPAM-1(Ŭ4ɓ7)

CD102 (ICAM -2=

CD2

CD5

CD6

CD11b

CD29

CD38

CD40

CD45

CD95

CD126

Immune Response

Antigens

Adhesion &

Cell Trafficking

Heterog .

Pathway

Bonnefoy-Bérard et al. Transplantation. 1991;  
Bonnefoy-Bérard et al. Immunology. 1992,  
Bonnefoy-Bérard et al. Blood. 1992;  
Bonnefoy-Bérard et al. J Heart Lung Trans. 
1996;   Bourdage et al. Transplantation. 1995;



Therapeutic interventions across GVHD biology



Difference between ATG and T - cell depletion

Patient
Conditioning

Graft
T-cell 

depletionEngraftment

GvHD 

Infection, 

Relapse
Patient
Conditio

ning

Graft
Engraftment

GvHD

Infection, 

AT

G

T-cells 

Ź

In vivo T-

cell 



RCTõs with ATG : 

cGVHD Incidence



Lancet Oncology 2009 



11.7%

25.5%

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

p = 0.04

ATG for MUD: Randomized trial

Incidence of aGvHD III- IV and cGvHD

p < 0.0001*

60%

30%

Finke et al., Lancet Oncol 2009

Socie et al., Blood  2011

Finke et al Lancet hematology 2017



p = 0.7084*

43.0%

34.9%

Disease- free and over survival

p = 0.3866*

50.5%

39.7%

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



A Prospective Randomized Double Blind Phase 3 Clinical Trial of 
Anti - 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, Ian D. Lewis, Vincent T. 

Ho, Edwin P. Alyea, Jerome Ritz, Frank Glavin, Peter Westervelt, Yi-Bin Chen 

ASH 2016/JCO 2017 



Cumulative incidence of (A) grade 2 to 4 acute graft-versus-host disease (GVHD), (B) grades 

3 to 4 acute GVHD, (C) chronic GVHD (cGVHD), and (D) moderate-severe cGVHD. ATLG, 

antiïT-lymphocyte globulin.

Soiffer et al JCO 2017



Soiffer et al JCO 2017

(A) Moderate-severe chronic graft-versus-host disease (cGVHD)ïfree survival. 

(B) Overall survival (OS). 

(C) cGVHD and relapse-free survival (cGRFS). 

(D) Progression-free survival (PFS). (E) Nonrelapse mortality (NRM). (F) Disease relapse. 



Soiffer et al JCO 2017

Overall survival by arm in each conditioning regimen. (A) Cyclophosphamide 

and total body irradiation (Cy-TBI). (B) Busulfan and cyclophosphamide (Bu-Cy). 

(C) Busulfan and fludarabine (Bu-Flu). 



Soiffer et al JCO 2017

Outcomes according to day ī3 absolute lymphocyte count (ALC) level and 

treatment arm. (A) Progression-free survival (PFS). (B) Overall survival (OS


