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• Pregnancies
The risk of allo-sensibilization ↑ pregnancies number

Multiparous women vs. males: 30% vs 12% (p < 0.0001)

• Previous transfusion
Risk > in pts receiving leukodepleted blood products pre-storage blood products with 

leucodepletion vs  pts receiving leucodepleted blood products pre e post storage 

(19% vs 7%). 

• Natural antibodies
inflammatory events such as vaccination, infection, or trauma can result in the 

formation of HLA antibodies, potentially due to cross reactivity or bystander activation

Triulzi D et al, Transfusion 2009. Ciurea SO et al, Blood 2011. Seftel et al, Blood 2004. Locke JE et al. Am J Transplantation (2009) McKenna R et al. Transplantation (2000). Ciurea SO et Biol Blood Marrow 
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“Alloimmunization” 
the immune response to alloantigens, antigens from individuals of the same species that are genetically 
different

“HLA antibodies  can form through multiple mechanisms that activate HLA-specific humoral immunity.

*Approximately 30% of transplant 

candidates are positive for HLA antibody

DSA Prevalence :  3-30% Haplo; 1-10% MUD, 3-7%  CBU

1

ANTIBODIES
ANTIGENS/ALLELES HLA 

EXPRESSED BY THE DONOR 



Ciurea SO, et al. Biol Blood Marrow Transplant. 2015

We hypothesized that complement-binding DSA are associated with  GF 

122 haploidentical transplant recipients tested prospectively for DSA

Retrospective C1q testing was done on 22  allosensitized 

recipients.



Patients with DSA-positive had a significantly higher risk of Poor Graft Function 
compared to patients with DSA-negative (RR 3.15, 95 % CI 1.42–6.99, p < 0.05). 

Patients with DSA-positive had a significantly higher risk of Graft Failure compared with 

patients with DSA-negative (RR 3.92,.95 % CI 2.75–5.59, p < 0.00001). 

• Comprehensive dataset of 32 studies involving 5555 patients, including 557 DSA-
positive and 4998 DSA-negative cases, published between 2009 and 2024 from 
ten countries.

• Broad age range, with median ages spanning from 0 to 74 years.

Patients with DSA-positive had a higher risk of death compared with patients with DSA-negative (RR 1.73, 
95 % CI 1.43–2.09, p < 0.00001). 

The pooled analysis revealed that patients with DSA-positive had significantly lower OS compared 
with patients with DSA-negative (HR = 2.24, 95 % CI 1.37–3.65, p = 0.001; Fig. 11).  

The findings demonstrate that patients with DSA positive have a significantly higher risk of PGF, GF, increased mortality, and reduced OS.  

These results underscore the detrimental role of DSAs in HSCT outcomes and highlight the need for effective strategies to mitigate their impacts.

Liu M, Transpl Immunol. 2025
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Primary graft failure appears to have a multifactorial 
pathogenesis, and DSA may play a role



When to desensitize:
• TEST to use to detect DSA
• Role of MFI value, crossmatch, and C1q complement

How to desensitize
• Possible desensitization strategies



Solid phase immune- assays
(Luminex )

Solid-phase assays may be 

completed with the addition of 

Cd4, C3d or Cq1 tests, with 

the aim to assess antibodies’ 

functions and distinguish 

complement-fixing from non-

complement fixing  antibodies.

HLA antibodies identification strategies

MFI: Mean fluorescence intensity

Mean Fluorescence intensity



Reference Donor Test N % Anti-HLA+ %DSA+ Graft Outcome
(DSA +/DSA -)

Ciurea et al.

Transplantation 2009

TCD 

Haplo SCT
Prospective

Luminex SA 24 NA 21

MFI > 500

GF 75 vs 5% 

(P= 0.0008)

Spellman et al.

Blood  2010

MMUD Flow PRA

Luminex SA
115 37 8.7

MFI > 2000

GF 24% vs 1%

Takanashi et al

Blood. 2010

Single UCB Flow PRA

Luminex SA
386 23.1 5

MFI >800

Patients with DSA had significantly lower EFS 

and OS compared with no DSA 

Brunstein et al. 

BBMT 2011

Double  UCB Luminex SA 126 41 24% DSA 1 UCB, 12% 

DSA 2 UCB 

MFI > 500

GF 17% VS 22%

Cutler et al

Blood. 2011

Double  UCB Luminex SA 73 NA 24.6

MFI >1000

GF: 18.2 % and 57% in pts with DSAs against 1 

and 2 UCB respectively, versus 5.5% in 
patients without DSAs (P=0.01)

Yoshihara et al. 

BMT 2012

HaploSCT

Prospective

Lab Screen Pra Luminex SA 79 20 14

MFI > 5000

GF 27% vs 4% 

CI of neutrophil engrafment was 61.9% vs 

94.4% (P=0.026)

Ruggeri et al.

Blood 2013

SUCB

DUCB

Elisa (lamda Antigen Tray Mixed 
Class I-II)

Luminex SA

294 21 4.7 

MFI > 1000

GF :56 % vs 23%

Ciurea et al

BBMT 2015

HaploSCT

Prospective

Luminex SA 122 NA 18
MFI Continuous

variable

GF 32% vs 4% 

(P< 0.001)

Chang et al.

J H O  2015

HaploSCT

Prospective

NA 345 25.2 11.3

MFI > 500

Primary graft rejection was 20 vs 0.3% 

(P=0.002) 
Primary poor graft function was 27.3% vs 1,9% 
(P=0.003)

MFI: Mean fluorescence intensity



37 pts , median age 51 yrs

DESENSITIZATION: PE, rituximab, IGEV,
irradiated donor buffy coat.

• Pts with DSA > 20 000 MFI and C1q
pos, persistent after desensitization
minor probability of engraftment,
increased mortality and reduced OS

• Pts with DSA < 20.000 MFI e C1q -
after desensitization similar outcome
to control group

In conclusion, treatment with PE, rituximab, IVIg, and donor buffy coat is effective in promoting engraftment in patients with DSAs < 20 000 MFI

Optional Bortezomid D -25; -22; -19; -16
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DSA 



The presence of low-level DSA in the absence of desensitization did not correlate 

with the risk of developing graft failure and poor graft function.

• Desensitization treatment was performed in 2 patients with  MFI 
values > 10,000  (1  positive CDCXM):  1 obtained MFI reduction; 1 no 
reduction,  early death.

• 8 patients who were not desensitized despite DSA positivity:
 6 had an MFI between 1000 and 3000
 2 had a moderate/high DSA level between 3000 and 10,000 MFI, with 
negative CDCXM results. Notably, only 2 of these patients had
received a MAC regimen before transplantation.



CONSENSUS GUIDELINE EBMT

We recommend: 

1. DSA testing (by Luminex platform and/or cell-based assays) be performed in all candidate patients 

for haploidentical (or HLA mismatched) donor transplants;

2.  If DSA >1,000 MFI, C1q testing and/or cell-based assays must be done to further assess the risk 

to the allograft

3. DSA testing should be incorporated in donor selection prior to transplantation; if DSA >1,000 MFI 

in the absence of an alternative suitable donor, it is recommended that patients undergo desensitization 

therapy, especially with high DSA levels (>5,000 MFI) and/or C1q positive, which pose a very high 

risk to the allograft; 

4. The choice of desensitization protocol may be based on prior local experience.



Kongtim P, et al. Transplant Cell Ther. 2024

• To optimize donor cell engraftment, graft function and survival, a donor without 
corresponding HLA is preferred for a recipient with anti-HLA antibodies, in addition to other 
donor-related factors affecting transplant outcomes. (Grade of recommendation: B, Levels of 

evidence 2++)

• While the optimal strategy requires further study, DSA desensitization therapy is required to 

promote hematopoietic engraftment and may lead to improved survival for recipients with 
DSA, when a suitable alternative donor without the corresponding HLA is unavailable. (Grade 
of recommendation: C, Levels of evidence 2+)

• Higher DSA levels are associated with poor graft function, graft failure, and worse survival. A 

DSA level >1,000 MFI for CBT and >2,000 MFI for haploidentical and unrelated HSCT might 
serve as a threshold to initiate desensitization. (Grade of recommendation: C, Levels of 
evidence 2+)

American Society of transplantation

and cell therapy



OPZIONI TRATTAMENTO TARGET MECCANISMO D’AZIONE 

• PLASMAFERESI
• IMMUNOADSORBIMENTO 

ANTICORPI PREFORMATI RIMOZIONE MECCANICA DEGLI ANTICORPI RESPONSABILI DEL 
RIGETTO 

• Plasma- Exchange: Rimozione Completa del plasma
• Plasma- Trattamento: Rimozione Selettiva degli anticorpi

• RITUXIMAB
• BORTEZOMIB

• LINFOCITI B CD 20+
• PLASMACELLULE

INIBIZIONE DELLA PRODUZIONE ANTICORPALE

AZIONE DEPLETIVA CON CITOTOSSICITÀ COMPLEMENTO 
MEDIATA E CELLULO MEDIATA, RIDUZIONE DELL’ATTIVAZIONE 
DEI LINFOCITI T

• CONCENTRATI PIASTRINICI
• BUFFY COAT IRRADIATI DEL DONATORE

• IGEV

ANTICORPI PREFORMATI 

MULTIPLI 

NEUTRALIZZAZIONE ANTICORPALE

• ADSORBIMENTO DA PARTE DEGLI ANTIGENI DI CLASSE I  (C. 

PIASTRINICI)
• ADSORBIMENTO DA PARTE DEGLI ANTIGENI DI CLASSE I E II  

(BUFFY COAT ) 

• INTERAZIONE CON I RECETTORI FC SULLE CELLULE FAGOCITARIE 
E  PRESENTANTI L’ANTIGENE 

• INDUZIONE DELL’APOPTOSI DI LINFOCITI B E PLASMACELLULE
• INDUZIONE DELLO SVILUPPO DI LINFOCITI T REGOLATORI. 

LIMITA REBOUND ANTICORPALE (IGEV)

INIBITORI DEL COMPLEMENTO
• ANTI-C5A: ECULIZUMAB

COMPLEMENTO INIBIZIONE DELLA CASCATA DEL COMPLEMENTO

STRATEGIE DI DESENSIBILIZZAZIONE La gestione del paziente positivo a DSA nel trapianto 
allogenico di CSE



REFERENCE DONOR TYPE 

(Nr. of cases)

ANTI-HLA TEST DESENSITIZATION DSA POST-DT OUTCOME

Barge et al. 1989 HAPLO (1) CDC PP (2 cycles) NA GF

Maruta et al. 1991 MMRD (1) AHG-CDC CyA /Methylprednisolone 1 week

PP   DLI

Negative XM Engraftment

Ottinger et al. 2002 MMRD (2) DTT-CDC PP dedicated PLTs transfusion 1 pt -> negative XM

1 patient positive XM

Engraftment

GF
Pollack et al. 2004 MMRD (1) FCXM PLTs transfusion PP IVIG Antibodies 

disappearance at 86 
days after HSCT

Engraftment after II HSCT

Norimatsu et al. 2005 MMRD (1) AHG-LCT Rituximab (weekly- 4 administrations) 
dedicated PLTs transfusions (40 units)

Negative AHG-LCT Engraftment 

Ciurea et al. 2009 HAPLO (4) Luminex 

MFI > 500

2 weekly doses Rituximab (375 mg/mq)         

 PP (2 cycles)

1 negative                                        
1 low titer                                        
2 high titer 

DSA negative and low titer 
engraftment

2 pt with high titer GF
Yoshihara et al. 2012 HAPLO (5) Luminex 

MFI > 500

PP + Rituximab (2)                                                                        
PLTs Transfusions (2)                                                      
Bortezomib + Dexamethasone (1)

Reduction (2)                          
Reduction (2)
Moderate Reduction (1) 

All engrafted

Ciurea et al. 2015 HAPLO (12) Luminex MFI >500 3 PP + Rituximab (1 dose 375 mg/mq) + IVIG 1 
g/Kg Kg + donor’s buffy coat infusion (5)

PP+ Rituximab (1 dose 375 mg/mq) + IVIG 1 g/ 
(7)

All Pts cleared DSAs 
after HSCT

5 Pts  were C1q positive 
after treatment

Pts C1q positive after treatment -> 
GF

Pts C1q negative after treatment 
engrafted

Leffell et al. 2015 HAPLO (13)

MMUD (2)

Luminex MFI>1000 PP + IVIG 100 mg/Kg Mean DSAs Reduction 
64.4%

1 pt did not reduce DSAs 

All Pts engrafted 

STRATEGIE DI DESENSIBILIZZAZIONE



REFERENCE DONOR TYPE (Nr. 
of cases)

ANTI-HLA TEST DESENSITIZATION DSA POST-DT OUTCOME

Zhang R el al. 2020 Haplo (N=5) MFI > 500 2 U of donor apheresis PLT D-1 + R 375 mg/m2 
single dose 1-2 weeks prior to conditioning 
regimen (if DSA class II positive)

Significant decrease in
5/5

5/5 (100%)

Bailen et al. 2021 Haplo (N=19) > 1,000 Varied between pts; included R 375 mg/m2, IVIG
0.4 mg/kg/day, MMF 5-10 mg/kg/bid, tacrolimus,
PEX, PLT, buffy coat, steroids

Mean reduction 74% 17/19 (89%)

Ciurea S et al. 2021 Haplo (N=37);
controls (N=345) -
100% for MFI20,00

> 1,000 PEX 1-1.5 TPV QOD for 3 sessions, starting 1-week
prior to conditioning regimen, + R 375 mg/m2
single dose 1 day after PEX completion, + IVIG 1
g/kg 1 dose 1 day after R § donor irradiated buffy
coat on

D-1 Mean pre tx DSA -
10,198,

Mean DSA post-tx - 5,937
(42% reduction)

100% for MFI < 20,000

Hashem H et al. 2022 Haplo (N=8) > 3,000 DSA > 8000 MFI: IVIG + R + PEX

DSA 3000-8000 MFI: IVIG + R

NA 4/8 (50%)

Shen Y et al. 2023 Haplo (N=13) > 4,000 IVIG 0.4 g/kg within 72 hours prior to stem cell
infusion + R 375 mg/m2 1-2 doses D-16, -9+ HLA-
selected PLT infusion 48 hours prior to stem cell
infusion DSA reduction

48.3% 13/13 (100%) NE

Altareb M et al. 2023 Haplo (N=5) > 500 - PEX 1-1.5 TPV for 3 sessions, starting 1-week
prior to conditioning regimen, + R 375 mg/m2
single dose 1 day after PEX completion, + IVIG 1
g/kg 1 dose 1 day after R +- donor irradiated buffy
coat on D-1

Significant decreased in 
3/3

5/5 (100%)

STRATEGIE DI DESENSIBILIZZAZIONE

Adapted from Kongtim P, et al. Transplant Cell Ther. 2024
Nel corso degli anni, i diversi gruppi hanno iniziato a porre maggiore attenzione al valore di MFI, riservando trattamenti ridotti a condizioni 
caratterizzate da MFI più bassi,



DSAs : A STEPWISE PROJECT TO ESTABLISH A BETTER DEFINITION OF THEIR ROLE 
AND A DESENSITIZATION STRATEGY

2016

2020

2018

2015



La Rocca et al. BMT 2019

NO SI p

TOTALE (%) 6 (9.2) 59 (90.8)

1.000
Anti-HLA Ab (%)

NEG 4 (66.7) 41 (69.5)

POS 2 (33.3) 18 (30.5)

IMMUNIZZAZIONE ANTI-HLA  IN BASE ALLE TRASFUSIONI
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Anti-HLA Ab: 20 pz (30%)

DSA: 4 pz (6.15%) → 2/4 pz: selezione D 
alternativo 
2/4 pz: DESENSIBILIZZAZIONE

From August 2014 to January 2017, prospectively screened for anti-HLA
antibodies 65 consecutive patients who were candidates for a MMHSCT 
MFI > 1000 was considered positive. 

MFI of 14019 and 10892, respectively, and a 

positive cross-match test.

MFI: 16807.

PP procedures with immuneadsorption

techniques (plasma-treatment [PT]), using columns 
to selectively remove IgG antibodies  avoiding the 
removal of chemotherapy



STUDIO PROSPETTICO (Policlinico Umberto1)

Anti-HLA antibodies

Characteristic p-value1

Age, median (range) 0.56

Gender, n (%) 0.033

Pregnancies/ n (%) 0.009

Pre-HSCT Blood Transfusions n (%) 0.39

RBC Transfusions, median (range) 0.69

PLT Transfusions, median (range) 0.87

Plasma Transfusions, median (range) 0.72

GENDER DONOR

CLASS I 

DSA

MFI

CLASS II 

DSA

MFI

CD34+

X 106 /Kg

PMN 

E

PLTS

 E

CHIMERIS

M D+20
GF

PG

F

A-

GVHD
F-UP

FEMALE HAPLO CW6 1667 3,82 17 25 100,00% 0 0 II ALIVE

MALE HAPLO A2 1109 2,49 18 27 100,00% 0 0 II ALIVE

FEMALE HAPLO DR7 1200 0,58 18 27 100,00% 0 0 0 ALIVE

FEMALE HAPLO A2  2263 2,39 15 64 100,00% 0 0 II ALIVE

No DSA 

rebound

La Rocca et al. Blood Transfus. 2024

MFI 1000-3000

Aim : efficacy of our strategy for testing DSAs and the 
efficacy of the desensitization strategy (DS) employed
between November 2017 and November 2020. DS  differentiate was scheduled with or without PP, according to 

the DSA MFI (>1,000 or <5,000) and FCXM (flow cytometry 
crossmatch).



Crocchiolo, Blood Transf 2024

Valutare l’alloimmunizzazione nel contesto clinico specifico, per bilanciare in modo ottimale il rischio di mancato
attecchimento con quello di infezioni o recidiva, tenendo in considerazione tutte le variabili.

< 1000:  No DS
>1000 – 5000:  valutare FC-XM/C1q+ 
>5000: DS
>20.000 DS high intensity

Considerazioni



 Studio italiano, retrospettivo, osservazionale, multicentrico, spontaneo,
non-interventistico, non farmacologico, proposto da GITMO ed AIBT in
collaborazione con l’IBMDR

 Coordinato dalla UOC di Ematologia, Pol. Umberto 1, Università Sapienza .

 Volto a descrivere gli approcci per la gestione dei pazienti candidati a
trapianto con DSA nella realtà dei Centri Trapianto Italiani, e definire una
strategia comportamentale propedeutica a studi prospettici.

 Includente tutti i pazienti sottoposti a TMO di cellule staminali emopoietiche
(CSE) mismatched (mm) tra il 2014 ed il 2017.

STUDIO GITMO AIBT DSA

La Rocca et al. Blood Transfus. 2025

La gestione del paziente positivo a DSA nel 
trapianto allogenico di CSE

2014–2017
PERIODO DI 

ARRUOLAMENTO
804

PAZIENTI VALUTABILI
HSCT da donatori mismatch

CLINICALTRIALS.GOV

NCT04469085



Complement Activity Evaluation:

• C1q/C3d: 26 (7.6 %)

Metodi utilizzati per la 
ricerca anticorpale:

• Luminex 335 (94.3%)
• ELISA 17 (4.78%)
• Elisa + Luminex 3 (0.84%)

Ricerca anticorpi anti-HLA
355/804

Risultati anti-HLA

Negative     264 (74.3%)
Positive       82  (25%)
• Classe I 42 (12%)
• Classe II 26 (7.3%)
• Entrambe 23 (6.4%)

56%
44%

NO SI

MFI 8.300 (<500 -23.000)

RISULTATI Ricerca anticorpi anti-HLA e DSA, policy di 
screening

La gestione del paziente positivo a DSA nel 
trapianto allogenico di CSE

DSA+ 6.5%
DSA− 93.5%

Variabile analizzata Anti-HLA 
antibodies 
screening

p-value1

Anti-HLA 
antibodies 
result

p-value1

Genere 0.17 0.003

Gravidanze 0.028 0.89

Numero di gravidanze 

(≥4)
0.25 0.024

Aborti 0.95 0.077

Trasfusioni pre-HSCT 0.007 0.064

1Pearson's Chi-squared test



Desensitization strategies

* 6 CBT

We cannot confirm data on DSAs, considering the low number of positive patients included, the 
low MFI median value observed (8,300; range 257-23,000), and the efficacy of the 
desensitization strategies used, allowing us to obtain stable engraftment in 9 out of 11 treated 
patients





ARMONIZZAZIONE DIAGNOSTICA

Human Immunology, 2025

Variabilità MFI nei test Luminex tra diversi laboratori e piattaforme 

commerciali: esiste una variabilità non trascurabile tra piattaforme 
commerciali.

È fondamentale promuovere:
• standard condivisi
• controlli di qualità interlaboratorio

• criteri interpretativi uniformi.
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