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Acquired SAA

diagnosis

Transplantation Immunosuppressive therapy

HLA typing: patient and family

BM and PB morphology 

cytogenetics
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NGS for mutations

telomeres DEB test

No PREDNISONE EPO
No CSA PRED EPO

No EPAG alone
ATG for pts >70 yes



1971-1998; n=1756

1999-2009; n=639

Survival of patients with acquired SAA  (N=6263) , receiving 1° line 
BMT or IST; 

73%

57%

P<0.0001

IMMUNOSUPPRESSIVE TREATMENT

1971-1998; n=1973

1999-2009; n=1895 76%

P<0.0001

BONE MARROW TRANSPLANTATION

61%

Fig.1



Survival of patients with acquired SAA  (N=6293) , receiving 1° line BMT or IST; 

BMT; n= 870

IS; n=379
BMT; n= 636

IS; n= 241

BMT; n= 226

IS; n= 202

Age 1-20 Age 21-40

Age >40



SAA 1

# OS after 1° line treatment with 
either BMT or IS, comparable at 10 
years

results: age dependent



Age 1-20; n= 870
82%

69%

58%

Age 21-40; n= 636

Age >40 ; n= 226

First line IST for SAA; (EBMT 2001-2010)

Fig.5



SAA 2

# strong age effect in pts receiving ATG+CSA

# predictive factors : age , PMN counts, int
DxTx, response to ATG

# can growth factors be helpful?



Haematologica. 2019; 104

Randomization
hATG+CSA

hATG+CSA+ 
GCSF  
150 ug/m^2
day +8 day +240
Or untill response



BMT
14% GCSF
24% no GCSF



Clonal disease, (cytogenetic abn, MDS, AML)
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10% GCSF
13% no GCSF

RELAPSE
30% GCSF
25% no GCSF



GCSF (4-8 months) does NOT cause leukemia 
(relevant for healthy donors)

Does not improve response/ survival

Reduces infections
Reduces hospital stay
Day +30 PMN level (500) predicts responders

# survival >80% at 15 years in patients <30yy!



Random 
ATG horse+ CSA

ATG horse+ CSA + EPAG





RACE : EBMT 2021

ATG+CSA ATG+CSA+EPAG

N= 101 96

Age 52(15-81) 55 (16-77)
>40 years 42% 40%

CR 3 mm 10% 22% 0.01

OR 6 mm 45% 72% 0.01



ESH EBMT BMF Meeting 18-20/11/2022

# ACE (ATG +CSA+EPAG) is considered standard 
first line IST therapy in SAA 

# the recommended dose is 150 mg/day

# EPAG should be given for 6 months, and tapered
very slowly. EPAG dependence is described



HLA = Sib

<40 yy

Acquired SAA

Sib BMT

HLA typing

As soon as possible

DxTx < 60 dd; n=241

DxTx > 60 dd; n=685

87%

79%

P= 0.001



CY CY CY CY

CY Cyclophosphamide 50 mg/kg

Day -5 -4        -3         -2         -1          0                +1       +3 +6 

BMT

CsA

Storb et al , Blood 1974 

M M M

ATG ATG ATG

ATG Rabbit ATG 2.5 mg/kg



ATG yes n=452

no n=474

86%

77%

P= 0.001

BM n=452

PB n=474

87%

72%

P< 0.000001

HLA identical SIB transplants



Nakamura et al, Int J Hematology, 15 nov 2022

Outcome of peripheral blood stem cell transplantation , from HLA 
identic al siblings, in patients with SAA

94 adults with SAA; engtraftment 94%
24% ac GvHD II-IV 20% extensive chronic GvHD

5 year OS 74%
In conclusion, PBSCT from HLA-identical sibling donors for aplastic 
anemia would result in acceptable outcomes. Several risk factors 
identified in our study should be considered when selecting a stem 
cell source.



# SAA <40 years old : 
id SIB BMT first line; Excellent outcome

Please use BM (do you know how to harvest?

# CY 200 for patients over 30 yy?



-5          -4           -3        -2          -1              0        +1   +2   +3   +4   +5   +6   +7      +11  

BM

MTX

FLUDARABINE 30 mg/m^2/day x4

CYCLOPHOSPHAMIDE 30 mg/kg/day x4

ATG : 2.5 mg/kg/day

conditioning regimen for SIB transplants 30-40 years of age

MTX MTX MTX
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p=0.1 (log-rank)

Flu+Cy+ATG (n=30)

Cy+ ATG (n=206)
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Su
rv

iva
l

76% 

HLA id SIBS; Age > 30 yy
Difference is Graft Failure 0% vs 11% (p=0.01) 

S Maury for EBMT

Age :45 yy

56% 
Age :39 yy



HLA = Sib

<30 yy

Acquired SAA

Sib BMT

HLA typing

Search for UD
Search for HAPLO family donor

No HLA = Sib/ over 40 yy

30-40 yy

Sib BMT

CY 200 Cy 120+
FLU 120

ATG 7.5
CSA MTX

ATG 7.5
CSA MTX
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CY CY CY CY

Flu Flu Flu Flu

CY

Flu

Cyclophosphamide 30 mg/kg

Fludarabine 30 mg/m^2

Day -5 -4         -3         -2         -1          0     +1       +3      +5      +6      

T
B
I

ATG Rabbit  ATG 2.5 mg/kg

ATG ATG ATG

TBI Total Body Irradiation 2 Gy

BMT

M Methotrextae 10 mg/m^2

R

R Rituximab 200 mg

M M M

CsA

Figure  2A



2000-2005;n=642

SAA: MUD transplants

61%
>2005; n=699

<2000; n=567

58%

40%



MUD grafts for SAA

# improved outcome with time
# in 2015 :too much

graft failure and infections
aGvHD , cGvHD

# have we improved > 2015?



Patients = 16
13 HAPLO  3 UD
Median age 30 (13-69)

Survival 16/16



N= 87 HAPLO Tx for SAA
BRASIL 
Heavily transfused
All pts had failed IST

Arcuri BBMT 2020



Flu

CY

Flu

Cyclophosphamide 14.5 mg/kg

Fludarabine 30 mg/m^2

d -9   -8    -7    -6      -5      -4       -3     -2      -1 0     +3      +4 +5

T
B
I

ATG Rabbit ATG 0.5-2 -2 mg/kg

TBI Total Body Irradiation 4 Gy

BMT

Mycophenolate 30 mg/kg

CY

MMF

CsA

Flu

CY

Flu

CY

Flu
ATG ATG ATG

Flu

CY

CY Cyclophosphamide 50 mg/kg

MMF

De Zern Blood Adv 2020



Upfront BMT 27 patients
HAPLO donors
BMT
7 pts TBI 200   (GF 3)
20 pts TBI 400 (GF 0)



GvHD free platform



Baltimore DZ for UD and older patients

# good engraftment

# very low acute and chronic GvHD: GvHD free (?) also
with PB

# cardiac toxicity in older patients? Should we reduce the 
dose of PTCY?

# could we use DZ for HLA matched UD BMT? And older
HLA= BMT?



13 patients; all pts engrafted
2 died infections
11 surviving



ATG-FLU-CY-TBI200 / PTCY CsA MMF; DZ Baltimore (n=25)
SAA; GITMO 2020-2022
Gemelli, Cuneo, Udine,Palermo
Alessandria, Bolzano
Torino, Verona,Perugia, Milano
Age : 40 (19-70)

MUD (8/8) n=16
mmUD (7/8) n=6
SIB n=1
APLO n=2

BM n=17 (%)
PB n=8  (%)

Engr PMN   day 19 (16-27)
Engr Plt day 22 (13-38

4 early deaths septic thromb day+10
cardiac failure day+30
infection day+34
infection day +84

Donor Chimerism day+50 100% full 
donor



ATG-FLU-CY-TBI200 / PTCY CsA MMF; DZ Baltimore (n=25)
SAA; GITMO 2020-2022
Gemelli, Cuneo, Udine,Palermo
Alessandria, Bolzano
Torino, Verona,Perugia, Milano
Age : 40 (19-70)

MUD (8/8) n=16
mmUD (7/8) n=6
SIB n=1
APLO n=2

Acute GvHD grade I n=2
grade II n=1

Chronic GvHD minimal n=3

CE n.23 born 1953
ATG CSA 2022 NR Tx dependent
MUD 8/8 male/male 0+/A+  PB 10x10^8 
Day +180: off IS, no GvHD; 
Hb 13, WBC 5.0 Plt 180



ATG-FLU-CY-TBI200 / PTCY CsA MMF; DZ Baltimore protocol

SAA; GITMO 2020-2023
Gemelli, Cuneo, Udine,Palermo
Alessandria, Bolzano
Torino, Verona,Perugia, Milano
Age : 40 (19-70)

MUD (8/8) n=16
mmUD (7/8) n=4
SIB n=2
APLO n=3

n=25
84%



ATG-FLU-CY-TBI200 / PTCY CsA MMF; DZ Baltimore (n=25)

92%
<40 years ; n=13

SAA; GITMO 2020-2023
Gemelli, Cuneo, Udine,Palermo
Alessandria, Bolzano
Torino, Verona,Perugia, Milano
Age : 40 (19-70)

MUD (8/8) n=11
mmUD (7/8) n=8
SIB n=1
APLO n=2

>40 years;  n=12
75%



HLA = Sib

<30 yy

Acquired SAA

Sib BMT

HLA typing

No HLA = Sib

>30 yy

Sib BMT

CY 200 Cy 120+
FLU 120

ATG 7.5
CSA MTX

ATG 7.5
CSA MTX

<40 yy

UD BMT

>40 yy

ATG CSA EPAG
ACE

NR

NR

HAPLO BMT

HAPLO BMT



TRANSPLANTS IN SAA 2023

# <40 years , with HLA=SIB à MSD BMT

# <40 years , no HLA=SIB  àUD BMT /HAPLO?

# > 40 years à ACE à NR à UD or HAPLO BMT

# Baltimore DZ being tested in UD and older patients
TBI 200



TREATMENT of SAA 2028???
If we overcome the issue of AGE and donor, then
Indications for HSCT will be like we have today for MDS

<75 years allogeneic HSC transplantation
the donor is not an issue

ACE for pts who are ineligible for BMT
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