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נושאים עיקריים

HLA-הבסיס למציאת תורם •

?הם התורמים האופציונליםמי•

שיקולים נוספים בבחירת התורם•

תורם אלטרנטיבי בדגש על הפלו•



Introduction

• Allogeneic stem cell transplantation is a curative 

therapy for a variety of hematological 

malignancies

• Donor T-cells recognize alloantigen on leukemia 

cells and can eradicate them (GVL effect)

• However, donor cells can also cause graft-

versus-host disease.

• HLA matching of donor and recipient is crucial 

for optimal transplantation outcome.





HLA A, B, C HLA DR, DQ





CLASS I 25,844

CLASS II 10,970



Table 103-2  -- Polymorphism of HLA Genes

HLA-

DPB1

HLA-

DQB1

HLA-

DRB1

HLA-C HLA-B HLA-A

2393 2491 4530 7995 9573 8012 אלל

1399 1516 2983 4410 5694 4688 אנטיגן





LOW 

RESOLUTION

HIGH 

RESOLUTION





Matched sibling donor (MSD)\ 

Matched related donor(MRD)



Syngeneic donor

• Uses stem cells from an identical twin.

• Extremely low risk of GVHD due to 

complete genetic identity. However, 

syngeneic transplants lack the GVL effect, 

resulting in higher relapse rates compared to 

allogeneic transplants



1-antigen mismatching

• Recombination

     1-2% of families 
Father    a  A1-B8-DR3            →    a”    A1-B8-DR15          

              b A31-B18-DR15

Mother  c A2-B51-DR11

              d A11-B27-DR2

Patient  a  A1-B8-DR3           Sibling   a” A1-B8-DR15 

             c A2-B51-DR11                       c A2-B51-DR11 



?אז במי בוחרים
MATCHED SIBLING DONOR (MSB)הבחירה הראשונה תהיה ב 





Total    988,099

Total 1,145,683





?מיהו התורם האופציונלי
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• 25 year old man with MDS

• Related or unrelated donor? 



Dohner Blood 2022
29



Alternative donors

      Mismatched unrelated donor

 Haplo-identical

      Umbilical cord blood



Mismatched unrelated donor(MMUD)

Match n Survival (CI) RR (CI) P-value

8/8 1840 52 (50-54) 1.00

7/8 988 43 (40-46) 1.25 (1.13-1.37) <0.0001

6/8 633 33 (30-37) 1.65 (1.48-1.84) <0.0001 

9-10% lower overall survival with each additional mismatch

No difference between alleleic and antigeneic mismatch

B and C mismatches are better tolerated than A/ DR in BM

C mismatches are less well tolerated after PBSC

Difference in survival is dependent on disease status



Haplo donor

• A related donor who shares one haplotype with the 

patient

• Any 10 relative, sibling, parent or offspring

            20 or 30 relatives

• Almost every patient has a readily avaliabale 

haplo-identical donor



Early studies

• Early studies in the mid 70th and early 80th explored 

haplo donors using the same transplant platform as for 

HLA-matched siblings

• An intense bi-directional allo-responses in both the 

HVG and GVH direction were seen

• These resulted in high rates of graft failure (~30%) and 

high rates of severe acute GVHD (>50%) resulting in 

high rates of NRM (~70%) and low rates of LFS 

(<20%).

• Haplo BMT was deemed associated with prohibitive 

toxicity and was largely abandoned.  



Methods to improve immune reconstitution are highly sophisticated, cumbersome, 

require very specific expertise and costly. They are therefore limited to very 

specialized centers.

• Chinese approach: G-CSF primed non-T depleted bone 

marrow with intensive pre- and post-transplant immune 

suppression.

• Baltimore/ Seattle approach: Post-transplant 

cyclophosphamide

Non-T depleted Haplo-identical transplant



The Beijing regimen

GIAC regimen (G-csf stimulation, Intensified 

immunosuprresion, Atg, Combined bm and pbsc)



The Baltimore regimen



PTCyההגיון מאחורי 



Blood Adv 2017

6545 patients with poor-risk AML in CR1
Transplanted 2000-2014.

MRD              3511 pts
10/10 MUD    1959 pts
9/10 UD          549 pts
Haplo               193 pts
UCB                 333 pts



Jurjen Versluis et al. Blood Adv 2017;1:477-485

© 2017 by The American Society of Hematology
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Reduced-intensity regimens
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NRM

OS DFS
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MYELOABLATIVE
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HLA-matching with PTCy: a reanalysis of a CIBMTR dataset with propensity score 

matching and donor age

Alexander Ambinder et. Al. HLA-matching with PTCy: 

a reanalysis of a CIBMTR dataset with propensity 

score matching and donor age, Blood Adv, 2022, 

Copyright © 2023 American Society of Hematology 



COMPLICATIONS

• Cytokine release syndrome

• Cardiotoxicity

• Hemorrhagic cystitis



HAPLOלעומת MUD-לסיכום 

MUD HAPLO

- + זמינות

- + זמן

- + לוגיסטיקה

- + אפשרויות בחירה בין תורמים

+ - Engraftment

+ - ניסיון

ההשתלהאתדוחהשלאבתנאיהמועדףלטיפולנחשבMUDעדין



Donor-specific anti-HLA antibodies 
(DSA)

• The presence of donor-specific anti-HLA 
antibodies (DSA) is associated with a 10-fold 
increased risk of graft failure in haploidentical 
stem cell transplantation (haplo-SCT). Consensus 
guidelines from the European Society for Blood 
and Marrow Transplantation set a mean 
fluorescence intensity (MFI) >1000 as a cutoff for 
DSA positivity. In the absence of an alternative 
donor, it is recommended that patients undergo 
desensitization therapy, especially with high DSA 
levels (>5000 MFI)



• The incidence of graft failure in the setting of PT-Cy-based 
haplo-HSCT, ranges from 0 to 30%. 

• Antibody-mediated rejection (DSA) appears to be one of 
the principal mechanisms of primary graft failure. 

• In adult patients with hematologic malignancies, the 
prevalence of anti-HLA antibodies can be up to 40%; 
however, not all of these anti-HLA antibodies are directed 
against donor HLA antigens. 

• In haplo-SCT, the prevalence of DSA may range between 
10% and 21%. The prevalence of DSA is lower in male 
recipients (5%) compared with female recipients (86%) , 
because pregnancy is a cause of these antibodies.



What’s New?

• Cyclophosphamide dose

• ATG+PTCy

• Desensitization protocols



Blood 2014

Analysis of 1210 transplants 

in Beijing



Impact of family relationships. 

Yu Wang et al. Blood 2014;124:843-850

©2014 by American Society of Hematology



Umbilical cord blood

 transplants in adults



Cord 

blood 

unit

Healthy 

newborn



Umbilical cord blood; properties

• Higher proportion of  primitive  stem cells than bone 

marrow

• Higher potential for expansion and proliferation

• T-cells have a naïve and immature phenotype and decreased 

cytokine production. 

• Engraftment  possible with 10-fold lower number of cells.  

GVHD risk is lower despite wide HLA-mismatching.   

GVL not different.



CBT - advantages

• Rapid availability

• Allows donor-recipient disparity (4/6 vs 10/10)

• Reduced risk for GVHD

• Low risk for transmission of infectious diseases

• No risk  to donors



CBT - disadvantages

• Limited cell dose, slow engraftment, higher risk for 

graft failure.

• Inability to obtain additional collections.

• Less long-term experience







Strategies for Facilitating Engraftment in CBT

▪ The main obstacle for successful CBT is short term 

engraftment (long term engraftment is well established)

▪ Current available approaches:

▪ Expansion of CD34+ progenitor cells: HGF 

HGF in conjunction with differentiation blocking agents 

▪ Simultaneous infusion of CB and highly purified 

haploidentical CD34+ cells

▪ Co-transplantation of CB and mesenchimal cells

▪ Intraoseous CBT

▪ Co-transplantation of more than one CB unit

 



MUD CB Haplo

Donor availability Limited 

Mismatches 

tolerated poorly

frequent 

Mismatches 

tolerated well

Unlimited

Time availability slow Relatively rapid rapid

engraftment good Major obstacle Good

(regimen dep.)

GVHD frequent Less frequent ~MUD

Immune reconstitution Relatively rapid slow Major obstacle

OS Similar?  



?אז במי בוחרים

Matched sibling donor is 

generally the 1st choice

Unrelated matched 

donor the 2nd 

Haploidentical is 

the 3rd  



61

Recommended donor choice algorithm for adults with intermediate or high-

risk AML with an indication for allogeneic HCT

Lee CJ. Haematologica 2017 Sep 7. pii: haematol.2017.176107. doi: 10.3324/haematol.2017.176107. [Epub ahead of print]



Additional considerations in donor 

selection
• Donor age

• Gender and parity

• CMV status

• Blood type

• Extended typing: HLA DP, DRB 3/4/5 

• Donor specific HLA antibodies (for mismatched 

donors)



• A 65 year old man with AML needs allogeneic SCT

• He has a 70 year old health HLA-matched sister

• A 22 year old 10/10 matched unrelated male donor is also 

identified. 

• Who is the best donor?

• CHIP  16% of donors> 55 years, similar survival

Young (<35 years) haploidentical versus old (≥35 years) mismatched 
unrelated donors and vice versa for allogeneic stem cell 
transplantation with post-transplant cyclophosphamide in patients 
with acute myeloid leukemia in first remission: a study on behalf of 
the Acute Leukemia Working Party of the European Society for Blood 
and Marrow Transplantation  BMT AUG 2024



Younger unrelated donors may be preferable over HLA match in 

the PTCy era: a study from the ALWP of the EBMT

Jaime Sanz,Myriam Labopin,Goda Choi,Alexander 

Kulagin,Jacopo Peccatori,Jan Vydra,Péter 

Reményi,Jurjen Versluis,Montserrat Rovira,Didier 

Blaise,Hélène Labussière-Wallet,Juan 

Montoro,Simona Sica,Ellen Meijer,Maija Itälä-

Remes,Nicolaas Schaap,Claude Eric 

Bulabois,Simona Piemontese,Mohamad Mohty,Fabio 

Ciceri, Younger unrelated donors may be preferable 

over HLA match in the PTCy era: a study from the 

ALWP of the EBMT, Blood, 2024, Figure 1.

Copyright © 2025 American Society of Hematology 
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Better to be young, at least as a donor



GENDER

• Allo-HCT from female donors to male recipients (female-to-male 
allo-HCT) is a well-established risk factor for inferior survival 
outcomes in allo-HCT using bone marrow or peripheral blood.

• The inferior survival in female-to-male allo-HCT is probably due 
to greater incidence of chronic GVHD and non-relapse mortality 

• The biological explanation is that naïve female-donor 
lymphocytes recognize several proteins encoded by the Y 
chromosome of a male recipient, which are called H-Y minor 
histocompatibility antigens.



CMV STATUS

Amit Kalra et. Al Impact of Donor 

and Recipient Cytomegalovirus 

Serostatus on Outcomes of 

Antithymocyte Globulin–

Conditioned Hematopoietic Cell 

Transplantation, Biology of Blood 

and Marrow Transplantation, Volume 

22, Issue 9, 2016,Pages 1654-1663



ABO MISMATCH





ABO



Bone marrow vs. peripheral blood

• Bone marrow as a stem cell source is associated 

with a significantly lower risk of cGVHD and 

extensive cGVHD compared to peripheral blood 

stem cells, with similar overall and disease-free 

survival rates.

• Peripheral blood stem cells (PBSCs) offer the 

advantage of faster neutrophil and platelet 

engraftment and lower risk of graft failure.

• AGVHD rates may also be modestly increased 

with PBSCs, though the difference is less 

pronounced



a cumulative incidence (CI) of 

grade II-IV acute GVHD, b. CI 

of cGVHD, c. probability of 

GRFS by BM versus PBSC graft.

Rocha, V., Labopin, M., Raiola, 

A.M. et al. Use of bone marrow 

cells is associated with improved 

outcomes when compared to 

peripheral blood stem cell after 

haplo-identical transplants with 

post transplant 

cyclophosphamide, a study from 

of the CTIWP-EBMT. Bone 

Marrow Transplant (2025



Conclusions

• The last decade has seen significant advances in alternative donor 

transplant such that almost every patient can find a donor.

• A haploidentical donor is easily and rapidly available.

• Non T- depleted haploidentical transplant, in particular with 

PTCy emerged as a widely feasible strategy.

• Will haplo-transplant ultimately replace MUD?

• Relapse remains a major problem after transplant.

• Randomized studies are required to determine the best alternative 

donor and the transplant platform.



Thank you for your attention

Vered.stavi@gmail.com

אביחי שמעוני על שיתוף השקופיות' תודה לפרופ
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