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SEVERE APLASTIC ANEMIA CASE 
PRESENTATIONS:

AGE/SE

X

GRAFT SOURCE       

RECIPIENT STATUS

CONDITIONING

GVHD 

PROPHYLAXIS

ENGRAFTEMEN

T /GVHD

OUTCO

ME

36/Male MRD/Female 32 yr

Limited  blood products transfusions

Transplantation in 4 months

CPM 120mg/kg,FLU 

120 mg/kg,ATG 7.5 

mg/kg

CSA ,MTX

Cell dose :3.5 X 10. 

6/Kg

T cell depletion:  NO

Day. + 12

NO GVHD                                                                                             

14 

months 

Chimeris

m99% 

33/Female MUD/Female 32 yr

No blood products transfusions

Transplantation in 2 months

CPM 90mg/kg,FLU 120 

mg/kg,ATG 7.5 mg/kg

CSA ,MTX

Cell dose 10 x 10 6/kg

T cell depletion:  YES

Day. + 14

NO GVHD                                                                                             

30months

Chimeris

m99% 



SEVERE APLASTIC ANEMIA CASE 
PRESENTATIONS:

AGE/SEX GRAFT SOURCE       RECIPIENT 

STATUS

CONDITIONING

GVHD 

PROPHYLAXIS

ENGRAFTEMEN

T /GVHD

OUTCO

ME

10/Female MRCB

Limited  blood products transfusions

hATG+CSA

CPM 90mg/kg,FLU 120 

mg/kg,ATG 7.5 mg/kg

CSA ,MTX

TNC dose :3.19X 10. 

7/Kg  post thaw:2.93 

x10 7/kg

T cell depletion:  NO

Day. + 21

NO GVHD                                                                                             

6years

Chimeris

m95% 

20/male HLA DR ,PermissiveDP MMUD /male

Heavily transfused.

Transplantation after 2 yrars

IST  hATG  & r ATG 

Fungal infection +

CPM 90mg/kg,FLU 120 

mg/kg,ATG 7.5 mg/kg

CSA ,MTX,PTCP 50 

mg/kg x2,cellcept

Cell dose 9x 10 6/kg

CD 3,169

T cell depletion:  NO

Day + 15

NO GVHD                                                                                             

+60

Chimeris

m99%  

BUT

rejection 

on +180



Blood Adv (2021) 5 (12): 2660–2671.
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Donor selection 

for SAA patients

Dr Arezou Sayad, Geneticist

Associate Professor of Medical Genetics

Shahid Beheshti University of Medical Sciences
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HLA ALLELES NUMBERS
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Hla Typing 
Technique



Haplotypes



• .
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TREATMENT  ALGORITHM
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The EBMT Handbook, 2019,https://doi.org/10.1007/978-3-030-02278-5_77



MUD

• UK investigators reported an excellent estimated 5-year Failure-free survival (FFS) of 

95% in 44 consecutive children who received a MUD HSCT; 40 of these children had 

previously failed IST (Samarasinghe and Webb 2012).

 Because of those excellent results, up-front MUD HSCT became an attractive first line 

option in children. 

• Between 2005 and 2014, a UK cohort of 29 consecutive children with idiopathic SAA 

received UD HSCTs (including five patients with 1 Ag mm transplants) as first-line 

therapy. Results were excellent, with OS and EFS of 96% and 92%, respectively, low 

GVHD rates, and only one death (from idiopathic pneumonia) (Dufour et al. 2015b).

• This cohort was then compared with historical matched controls who had received (1) 

first-line MRD HSCT, (2) first-line IST with horse ATG + CSA, and (3) MUD HSCT post-IST failure as 

second-line therapy. Outcomes for the up-front unrelated cohort were similar to MRD 

HSCT and superior to IST and UD HSCT post-IST failure. Similar results were observed 

in another pediatric study (Choi et al. 2017).
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CON …

This is why MUD donor search should be started at diagnosis in young 

patients who lack a MRD.
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ALTERNATIVE DONOR TRANSPLANTATION 
IN SAA

• Alternative HSCTs (MMURD, CB, and haplofamily donors) are 

possible for individuals with no suitable MUD.

• Patient age, comorbidities, and alternative HSCT specificities 

are thus important issues in the decision-making process.

• Based on this, alternative HSCT can be considered a salvage 

option that needs to be carefully balanced with best 

supportive care.
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ALNERNATIVE DONOR

Comparison of Hematopoietic Stem Cell Transplantation 

Outcomes Using Matched Sibling Donors, Haploidentical

Donors, and Immunosuppressive Therapy for Patients With 

Acquired Aplastic Anemia, Frontiers in Immunology, 2022. 

(MSD) (n = 108) vs (HID) (n = 91) vs 

immunosuppressive therapy (IST) (n = 188) 

from 2014 to 2020 at China hospital
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CON …20



CLASSIFICATION OF TRANSPLANT 
INDICATIONS

Disease Disease 

status

MSD allo MUD 

allo

MMAD 

allo

Auto CAR-T

SAA (for adult) Newly 

diagnosed

S/II CO/II GNR/III NA

Relapsed/

Refractory

S/II S/II CO/II NA

SAA (for 

children and 

adolescents)

S/II S/II CO/II NA

21

S: Standard of care (generally indicated in suitable patients), CO: clinical option (can be carried after careful assessment of risks and 

benefits), GNR: generally, not recommended, NA: not applicable.

Grade I: Evidence from at least one well-executed randomized trial. 

Grade II Evidence from at least one well-designed clinical trial without randomization.

Grade II: Evidence from opinions of respected authorities based on clinical experience.

The eighth report from EBMT April 2022, [Indications for haematopoietic cell transplantation for haematological

diseases, solid tumours and immune disorders: current practice in Europe, Bone Marrow Transplantation (Springer Nature) (2022) 

57:1217–1239.]



ALTERNATIVE DONOR

• “Who is the best HID in SAA?” Xu et al. designed a multicenter study based on 

a registered database of 392 SAA patients treated with HID HSCT and observed 

that transplantation from mothers resulted in more cGvHD than fathers 

(44.3% vs. 27.1%, P = 0.027). However, the survival rates were comparable 

among patients with different donors, and the 2- year OS rates were 86.6, 87.1, 

84.3, and 92.2% for recipients of father, mother, sibling, and child grafts (P = 

0.706). 

• These outcomes in SAA were somewhat different from those in 

hematological malignancies, in which young, male, NIMA-mismatched 

donors were preferred. The possible reasons for the difference between 

malignancies and SAA were as follows: first, disease category and conditioning 

regimens (especially Cy dose) were disparate; second, the sample size of the 

SAA cohort was relatively smaller. [Xu LP, Wang SQ, Ma YR, Gao SJ, Cheng YF, Zhang YY. et al. Who is the best 

haploidentical donor for acquired severe aplastic anemia? Experience from a multicenter study. J Hematol Oncol. 2019;12:87]
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[Xu LP, Wang SQ, Ma YR, Gao SJ, Cheng YF, Zhang YY. et al. Who is the best haploidentical donor for acquired severe aplastic anemia? 

Experience from a multicenter study. J Hematol Oncol. 2019;12:87]



CON …
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Zhang YY, Mo WJ, Zuo YY, Zhou M, Zhang XH, Wang Y, et al. 

Comparable survival outcome between transplantation from haploidentical

donor and matched related donor or unrelated donor for severe aplastic 

anaemia patients aged 40 years and older: a retrospective multicentre

cohort study. Clin Transplant. 2020: e13810]



ALTERNATIVE DONOR

• Huang et al. first led a prospective, multicenter study to compare the efficacy of HID 

and MRD transplantation as a salvage option. The data showed that HID HSCT (n = 

101) could achieve 3-year OS (89.0% vs. 91.0%, P = 0.555) and failure-free survival 

(FFS; 86.8% vs. 80.3%, P = 0.659) comparable to contemporaneous MRD HSCT (n = 

48) [Xu LP, Wang SQ, Wu DP, Wang JM, Gao SJ, Jiang M. et al. Haplo-identical transplantation for acquired severe aplastic anaemia in a 

multicentre prospective study. Br J Haematol. 2016;175:265–74]. 

• The group has recently conducted a retrospective multicenter study that aimed to 

compare outcomes of HID (n = 35), MRD (n = 38), and URD (n = 12) transplantation 

among SAA patients aged 40 years or older. The 3-year OS rates were 86.7, 92.1, and 

100% in HID, MRD, and URD group (P = 0.481). The 3-year FFS rates were also 

similar (86.7, 92.1, and 87.5% for the HID, MRD, and URD groups, P = 0.866) [Zhang YY, Mo 

WJ, Zuo YY, Zhou M, Zhang XH, Wang Y, et al. Comparable survival outcome between transplantation from haploidentical donor and matched 

related donor or unrelated donor for severe aplastic anaemia patients aged 40 years and older: a retrospective multicentre cohort study. Clin

Transplant. 2020: e13810]
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DONOR–RECIPIENT HLA MATCH

• 10/10 , 9/10, haplo in HLA-A, -B, -C, -DRB1, -DQB1 (DPB1)

• CB: 

Minimum of 8 high-resolution (HLA-A, HLA-B, HLA-C, and HLA-

DRB1) for both patient and CB unit

>4/6 HLA-A and HLA-B antigen, HLA-DRB1 high-resolution 

(traditional match), and >4/8 high-resolution match (some 

centers investigating use of 4/6 and 3/8 units if adequate dose)

27



EBMT 
GUIDLINE
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CB GUIDELINES FROM THE 
NMDP/CIBMTR:

TNC >2.5 * 107 /kg and CD34 cells >1.5 * 105 /kg

• For prioritization of cell dose vs HLA match (applies to single- and double-unit 

transplants), cell dose frequently needs to take priority over HLA match for adult and larger 

pediatric patients. HLA-match can take priority in children or smaller adults or those with 

common HLA typing who have multiple units with high cell dose. Optimizing HLA-match is 

very important in CB transplant for nonmalignant diagnoses. In children with 

nonmalignant diagnoses, higher cell doses (>5 * 107 /kg) should be selected. Further 

data are required as to how to balance cell dose against HLA match. A current guidance for 

consideration is as follows: if high doses (eg, TNC >3 * 107 /kg and CD34 >2 * 105 

/kg), consider optimizing high-resolution HLA match over cell dose;  if lower TNC 

and CD341 doses, optimize dose first and high-resolution HLA match second; and if units 

have similar cell doses, optimize high-resolution HLA match.

29
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CHOICE OF CONDITIONING REGIMENS FOR 
BONE MARROW TRANSPLANTATION IN

SEVERE APLASTIC ANEMIA

AMIR ABBAS HEDAYATI-ASL

PED. HEMATOLOGIST ONCOLOGIST / SCT

CANCER STEM CELL GROUP 

STEM CELL BIOLOGY AND TECHNOLOGY DEPARTMENT

ROYAN INSTITUTE



ALLOGENEIC TRANSPLANTATION 

• Allogeneic transplantation with an HLA-matched sibling donor is widely 

regarded as first-line treatment for children and young adults with severe 

aplastic anemia.

• When an HLA-matched sibling is not available, treatment with 

immunosuppressive agents is the first-line therapy, and allogeneic 

transplantation from an unrelated donor is generally offered only after 

failure of immunosuppressive treatment.

• Several conditioning regimens can be used for BMT.



COMPLICATIONS OF SCT FOR ACQUIRED 
APLASTIC ANEMIA 

• The 2 major complications of SCT for acquired aplastic anemia are graft 

failure and GvHD. 

• Graft failure remains an issue, more frequent than rejection in patients with 

acute leukemia. 

• GvHD has no beneficial effect in AA patients, and particular care should be 

taken to reduce its incidence as much as possible: in vivo T cell depletion with 

anti-thymocyte globulin (ATG) or alemtuzumab (Campath) is one way to 

effectively prevent GvHD.





STANDARD CONDITIONING FOR 
MATCHED SIBLING TRANSPLANTS

• Under the age of 40 Cyclophosphamide 200mg/kg (CY 200) 

and ATG, as originally described. 

• For older patients, current guidelines support the use of 

FLU-CY-ATG-low dose irradiation (FCA) or FLU-Cy 

alemtuzumab (CAMPATH) (FCC).

• The HLA matching between donor and recipient is relevant, 

and one should aim to identify an 8/8 HLA A,B,C,DRB1 

matched unrelated donor.

• Rituximab 200mg on day +5 should be added in patients 

receiving alternative donor grafts.



NOVEL RITUXIMAB-BASED NON-MYELOABLATIVE 
CONDITIONING REGIMEN FOR HEMATOPOIETIC CELL 
TRANSPLANTATION IN SEVERE APLASTIC ANEMIA

 improved efficacy

 decreased toxicity

 decreased risk of infectious 

complications

https://doi.org/10.1016/j.bbmt.2017.12.76
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CONDITIONING REGIMENS

• There are no randomized trials that have compared transplant-conditioning 

regimens.

• Cyclophosphamide (Cy) at 200 mg/kg or a lower dose and anti thymocyte 

globulin (ATG) with or without fludarabine (Flu) are most often used for HLA-

matched sibling transplantation 

• Low-dose total body irradiation is often added to Cy and ATG for URD 

transplantation.



ALLOGENEIC 
TRANSPLANTATION 

• Reports from the EBMT and the Center for International 

Blood and Marrow Transplant Research support bone 

marrow as the preferred graft choice for HLA-matched sibling 

and URD transplantation

• For adults aged >40 years, immunosuppression is typically 

first-line treatment, and allogeneic transplantation is reserved 

for those who do not respond to immunosuppression



HLA-MATCHED SIBLING TRANSPLANT

• Cy with ATG was the predominant regimen.

• Flu/Cy/ATG was the second most commonly used regimen.

• Although survival after an unrelated donor BMT did not differ 

between regimens, use of rabbit-derived ATG may be preferred 

because of lower risks of acute GVHD.



OVERALL SURVIVAL: HLA-MATCHED SIBLING 
TRANSPLANT 

• (A) HLA-matched sibling transplant: survival 

according to conditioning regimen adjusted for 

age and recipient CMV serostatus. The 5-year 

probabilities of survival after Flu/Cy/ATG, Cy/ATG, 

Cy 6 Flu, and Bu/Cy were 91% (95% CI, 85-96), 

91% (95% CI, 89-94), 80% (95% CI, 73-87), and 

84% (95% CI, 75-91), respectively (P 5 .001). 

• (B) HLA-matched sibling transplant: survival 

according to age adjusted for conditioning 

regimen and recipient CMV serostatus. The 5-year 

probabilities of survival in patients aged #30 years 

and .30 years were 91% (95% CI, 89-93) and 81% 

(95% CI, 76-87; P , .001).



• An anti thymocyte globulin-free protocol using fludarabine and cyclophosphamide as conditioning for 

matched sibling donor transplantation in patients with aplastic anemia was evaluated.

• Flu (30 mg/m2/day for 6 days) and Cy (60 mg/kg/day for 2 days) 

• Overall survival was reasonable at 75%, with >80% survival in patients age <20 years.

• The incidence of GVHD was low at 27.6% for acute GVHD and 41.6% for chronic GVHD.

• Most patients (80%) were free of immunosuppression at 5 years post-transplantation.

• The rate of long-term complications was very low.



UNRELATED DONOR TRANSPLANT

• Flu/Cy/ ATG/TBI 200 cGy

• Cy/ATG/TBI 200 cGy

were the predominant regimens



OVERALL SURVIVAL: URD TRANSPLANT

• (A) URD transplant: survival according to 

conditioning regimen adjusted for age and ATG 

source. The 5-year probabilities of survival 

with Cy/ATG/TBI 200 cGy, Flu/Cy/ATG/ TBI 

200 cGy, Flu/Cy/ATG, and Cy/ATG were 77% 

(95% CI, 69-84), 80% (95% CI, 73-85), 75% 

(95% CI, 64-85), and 72% (95% CI, 59-84), 

respectively (P 5 .61).

• (B) URD transplant: survival according to age 

adjusted for conditioning regimen and ATG 

source. The 5-year probabilities of survival in 

patients aged #30 years and .30 years were 

81% (95% CI, 76-85) and 66% (95%CI, 57-75; P 

5 .003).



ATG PREPARATION



ALEMTUZUMAB CONDITIONING REGIMENS



Post-transplantation cyclophosphamide 

is feasible for patients with severe 

aplastic anemia undergoing unrelated

donor hematopoietic stem cell 

transplantation

The toxicity of PTCy was low in 

patients with SAA undergoing URD 

HSCT.

The engraftment rate of URD HSCT for 

SAA is promising.

High total nucleated cell number was 



CONCLUSIONS

• Flu/Cy/ATG and Cy/ATG regimens offer the best survival for matched-sibling 

BMT.

• In the setting of unrelated donor transplants, ATG/Cy/TBI 200 cGy and 

Flu/ATG/Cy/TBI 200 cGy are the predominant regimens with comparable 

survival, the exception being the use of Cy 150 mg/kg with the Flu/ATG/Cy/TBI 

200 cGy regimen.

• Transplantation in patients aged >30 years is associated with higher mortality 

after matched sibling and unrelated donor BMT.
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سال 1ماه و  6بقای 

SURVIVAL STATUS OF OUR 
PATIENTS AFTER ALLO-HSCT

0
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AA PNH

Survival status from 

1390 to 1399

alive

dead



معنی دارمقدارمتغیر
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14s(روز)wbcزمان اینگرفتمنت 

s+عفونت سیستمیک قبل پیوند

بیماران   سورویوالمتغیر های معنی دار در 
آنمی اپلاستیک
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بیماران   سورویوالمتغیر های معنی دار در 
آنمی اپلاستیک



THE ROLE OF 
HAPLOIDENTICAL 
TRANSPLANTATION IN 
APLASTIC ANEMIA 

MOHAMMAD BIGLARI MD, MSC

ASSISTANT PROFESSOR OF HEMATOLOGY, MEDICAL ONCOLOGY & BONE MARROW TRANSPLANT

RESEARCH INSTITUTE FOR ONCOLOGY, HEMATOLOGY & CELL THERAPY

TEHRAN UNIVERSITY OF MEDICAL SCIENCES

SAAWP OF EBMT



HSCT is a cure for Aplastic Anemia



WHY HAPLOIDENTICAL ?



No sibling donor

and age < 25

Consider 

MUD





What you do ? 
depends on where you live & your resources



MODERN HAPLO-HSCT







ALTERNATIVE ACCEPTABLE 
PROTOCOLS

FLUCAB-Prime

Flu     (30 mg/m2)       -7 to -3

Cy     (14.5 mg/kg)     -6 & -5

rATG (5 mg/kg)         -6 to -3 

Bu      (3.2 mg/kg/d)   -3 & -2 



STRATIFICATION

A. Bacigalupo and S. Giammarco / Seminars in Hematology 56 (2019) 190–193



RIC vs NMA 

- Engraftment (97.7% vs 91.7%, P = 0.03) 

- aGvHD (29.5% vs 18.7%, P = 0.008) 

- Similar cGvHD or mortality incidence  

Other regimens vs MTX vs PTCY 

- aGvHD (28.6%, 27.8%, and 12.8%, P = 0.02) 

- CMV viremia (55.7%, 38.6%, and 10.4%, P < 

0.001)

- CMV disease (2.1%, 33.0%, and 0%, P < 

0.001)



 491 patients from 7 retrospective studies conducted in East-Asia

 No difference of 1/3/5/10 years OS between IST group and haplo-HSCT

 Significantly better 1/3/5/10 years FFS in haplo-HSCT vs IST group (p <0.01)

 Higher incidence of infections in haplo-HSCT vs IST group (76% vs 45%, p < 0.001)

 Incidence of aGVHD and cGVHD were 54% and 43% in haplo-HSCT group



DILEMMAS

 RIC vs NMA

 GVHD prophylaxis comparison

 IST vs Haploidentical

 TBI vs non-TBI      ?          

PROSPERO registered systematic review 



HAPLOIDENTICAL HSCT (SINGLE ARM)



UNMANIPULATED GRAFT 
(COMPARATIVE)

Author n Year Place Setting Compare Conditioning

GVHD 

prophylaxi

s

Worse in 

HID

Similar 

outcome

Xu LP et al. 158 2017
China, 

multicenter

Upfront 

SAA
MRD vs HID BuCy + ATG

MTX + MMF 

+ CSA

aGVHD, 

cGVHD
OS, FFS (3-y)

Xu LP et al. 101 2016
China, 

multicenter
Salvage MRD vs HID BuCy + ATG

MTX + MMF 

+ CSA

aGVHD, 

cGVHD

OS, FFS (3-y)

III/IV aGVHD

Zhang Y et 

al.
387 2022

China, 

single

Upfront 

SAA

MRD vs HID 

vs IST

FluCy + ATG

BuCyFlu + ATG
NA

aGVHD, 

cGVHD

OS, FFS (5-y)

FFS better than 

IST

III/IV aGVHD

OS similar to 

IST

Park SS et 

al.
89 2018

China, 

single
Salvage MUD vs HID BuCyFlu + ATG

MTX + MMF 

+ CNI
aGVHD

OS, DFS, 

GFFS (3-y)

cGVHD

Yang S et al. 49 2019
China, 

single
Upfront

MUD vs HID 

vs IST
Cy + ATG  FluBu

MTX + MMF 

+ CSA
FFS (3-y)

OS (3-y)

GVHD

Liu L et al. 365 2020
China, 

multicenter
Upfront HID vs IST BuCy + ATG

MTX + MMF 

+ CSA
FFS (4-y)

OS (4-y)

Li Y et al. 235
China, 

multicenter
Upfront MRD vs HID

BuCy + ATG

FluCy + ATG
MTX + CSA

aGVHD, 

cGVHD, 

OS, FFS (3-y)

PGF

III/IV aGVHD



Author n Year Place Graft Compare Conditioning

GVHD 

prophylaxi

s

Increased 

outcome 

(HID)

Similar 

outcome

Kim H et al. 67 2018
Korea, 

single

CD3 

depleted

MRD vs MUD 

vs HID

Cy + ATG  TBI

FluCy + ATG  TBI
CNI + MTX

CNI + MMF
ANC engraft

aGVHD, cGVHD

OS, FFS (5-y)

Arcuri et al. 87 2021
Brazil, 

single
PTCY

HID

(CD34 dose)
FluCy + TBI PTCY

EFS (higher 

CD34)
N/A

Yang K et 

al.
29 2020

China, 

single
PTCY HID BuCyFlu

PTCY + 

MTX + CNI
-- --

MANIPULATED GRAFT (COMPARATIVE)



Summary

 International collaboration (to augment scarce data)

 Timing, conditioning & GVHD prophylaxis choice

 For the time being HAPLO transplants for SAA should continue to be performed, 

preferably in the context of clinical trials, and reported in detail, in order to identify best 

transplant platforms.

 Preferentially within the framework of a local clinical protocol in a well-experienced center



TAKE HOME MESSAGES OF THIS 
PANEL 
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AS SOON AS POSSIBLE



BONE MARROW SOURCE OF GRAFT &
SEROTHERAPY IS RECOMMENDED



LESS  C GVHD  WITH  ALEMTUZOMAB



BETTER OUTCOME  WITH REDUSED 
DOSE OF CPM ESPECIALLY IN >30 YEARS



MUD ALLOTRANSPLANT IS 
BECOMING UPFRONT FOR 
YOUNG PATIENT WITH SAA

• strong considerationshould be given to first-line marrow transplantation 

for patients whoare younger than 30 years old with aplastic anemia if a 

10/10 HLAmatchedunrelated donor is rapidly identified

• Your time is:4-6 weeks
• Unrelated donors with 9/10 high-resolution HLA matching may also be 

considered, but there are insufficient data to propose such donors for 

first-line treatment. Clinical

Taleghani BMT Center
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MUD ALLOTRANSPLANT IS BECOMING 
UPFRONT FOR YOUNG PATIENT WITH SAA



CONSIDER RITUXIMAB IN UD 
TRANSPLANT CONDITIONING



BALTIMORE HAPLO PROTOCOL
EXCELLENT FOR EVERY WHERE 



HAPLO TRANSPLANT IN SAA IS PROMISING BUT 
SHOULD BE MORE EVALUATED(FRONT LINE??)



SAA TRANSPLANTATION IN ERA 
OF ELTHROMBOPAG

•No 

difference 



TALEGHANI BMT&CELL 

THERAPY CENTER 


