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Gragert et al., NEJM 2014

N. Sacchi, et al. Hum Immunol 2021

Probability to find an HLA-matched donor



Increased use of alternative donors

Risk of GRAFT FAILURE after haploidentical HSCT: 9-30%1,2

[1] S.O. Ciurea et al, BBMT 2015. [2] P. Merli et al.. Blood Adv 2022.

J.E. Passweg et al, BMT 2023



Graft failure
• HLA mismatches
• Nonmalignant disease (↑↑ SAA, Haemoglobinopathies)
• Advanced disease
• Graft source (UCB)
• Conditioning (NMA/RIC)
• T-cell depletion
• Anti-HLA antibodies
• Extensive marrow fibrosis extensive prior treatment
• Donor age
• ABO mismatch
• Splenomegaly
• Cell dose
• Viral infections
• GVHD
• Drug toxicity
• Iron overload
• Transfusion history

RISK FACTORS

F. Locatelli et al, Expert Opin Pharmacother.  2014
D. Valcárcel and A. Sureda, EBMT Handbook 2019



Donor Specific Antibodies (DSA)
Preformed antibodies in the recipient directed against the candidate donor’s class I and/or class II HLA antigens

Formation of antibodies to allogeneic HLA antigens after exposure to foreign cells or tissue through:
• Pregnancy  

-Result of sensitization during pregnancies by offspring’s HLA antigens
-Risk with a higher number of pregnancies (reported incidence up to 50% in the female recipient with a 

history of multiple pregnancies)1

• Blood product transfusion2

• Previous transplantation3

Rate of HLA sensitization in HSCT candidates: 20% to 40%3-7

Rate of DSA to at least one potential donor: 1.4% to 24%3-7

Hematopoietic Stem Cell Transplantation (Graft Failure, Poor Graft Function, Delayed Engraftment)

Tranfusion medicine (Tranfusion refractoriness, TRALI)

Solid Organ Transplantation (Hyperacute, acute, chronic rejection) 

[1] L. Morin-Papunen L et al, Med Biol 1984. [2] M.D. Seftel et al, Blood 2004. [3] S. Yoshihara et al, Bone Marrow Transplant 2012. [4] Y.-J. Chang, et al, J. Hematol. Oncol 2015. [5] S. Spellman et al. Blood 2010. 
[6] H. Yamamoto et al, Biol. Blood Marrow Transplant 2014. [7] D.E. Gladstone et al, Biol. Blood Marrow Transplant 2013.



Positive crossmatch for anti-donor lymphocytotoxic antibody determined a significant 
risk for primary graft failure

Relative risk = 2.3; P = 0.0038

First description of the role of DSA in HSCT 



Patients
(n)

Stem cell source Conditioning Anti-HLA% DSA% Graft failure with/without 
DSA

Spellman et al. Blood 
2010

115 Mismatched 
unrelated

RIC ND 9 24 versus 1%

Ciurea et al. Blood 2011 592 10/10 and 9/10 
unrelated

MAC or RIC 19.6 1.4 37.5 versus 2.7%

Ciurea et al. Blood 2011 24 Haplo-identical RIC ND 21 60 versus 5%
Yoshihara et al. BMT
2021

79 Haplo-identical RIC 20.2 14 27 versus 3%

Chang et al. J Hematol
Oncol 2015

345 Haplo-identical MAC 25.2 11.3 61% (MFI>10,000) versus 
3.2%

Ciurea et al. BBMT 2015 122 Haplo-identical Non-specified ND 18 32 versus 4%
Takanashi et al. Blood 
2010

386 Single CBU MAC 23.1 5 83 versus 32%

Cutler et al. Blood 2011 73 Double CBU MAC or RIC ND 24 57 versus 5.5%
Ruggeri et al. 
Haematologica 2013

294 Single and double 
CBU

RIC 23 5 81 versus 44%

Yamamoto et al. BBMT 
2014

175 Single CBU MAC or RIC 39.4 ND 50% if anti-HLA-C, DP, DQ, 
DRB1/2/3 versus 16%

DSA impact in different allogeneic HSCT settings



DSA are associated with a higher incidence of GF and poor survival

S.O. Ciurea et al, BBMT 2015



• Cell-based: 
require donor 
lymphocytes

- “Functional” test
- Low sensitivity

- Higher sensitivity
- Do not distinguish 

therapeutic antibodies 
(e.g. rituximab)

• Solid-phase assays: 
do NOT require donor 
lymphocytes

M.P. Bettinotti, Human immunology 2022

- High specificity and sensitivity
- Semiquantitative (MFI)>>>Virtual crossmatch
- Precise detection of anti-HLA antibodies
- Possible false positive or antibody levels underestimation 
- No info about antibody functionality
- Not completely quantitative (MFI values do not translate 

directly into the antibody level)

• C1q assay distinguish complement fixing from non-complement fixing antibodies

DSA identification assays



Donor Specific Antibodies (DSA)

Classic “10 out of 10” HLA-matched alloBMTs: HLA-A, -B, -C, DRB1, and DQB1

HLA-DPB1, DRB3, DRB4, and DRB5 are not necessarily matched

Mismatching amenable to DSA formation occurs in more than half of the “10 
out of 10” HLA-matched unrelated donor alloBMTs2

HLA antibodies are dynamic!
After inflammatory events, such as infection or tissue trauma, reactivation of dormant HLA-specific memory B cells may result in
the production of DSAs without re-exposure to foreign tissue.3

Importance of HLA antibody reassessment over time.

Highest relevance in partially HLA-mismatched allogeneic hematopoietic stem cell transplantation
(multiple class I and II mismatches)1

[1] S.O. Ciurea et al, BMT 2018. [2] B.E. Shaw et al, Leukemia. 2010. [3] J.E. Locke  et al, Am J Transplant. 2009.



Desensitization strategies
Strategy Method

Antibody removal
Plasma exchange (PE/TPE, Plasmapheresis)

Immunoadsorption

Antibody neutralization
Enhanced clearance of anti-HLA antibodies

Intravenous immunoglobulin

Donor platelets or “buffy coat” (white blood cells) 
infusion

Inhibition of antibody production

Anti-CD20+ B cells monoclonal antibody: rituximab

Proteazome inhibition: bortezomib

Splenectomy*

Complement cascade blockage
Anti-C5a: Eculizumab*

Intravenous immunoglobulin

*Not used in hematopoietic stem cell transplantation to date

Most of the published data regarding transplant outcomes in allogeneic HSCT patients receiving these desensitization
methods are case reports or small studies with limited number of patients and variety of graft outcome



Plasma exchange: overview

P.R. Bauer et al, Intensive Care Med 2022



Plasma exchange alone in this study did not effectively prevent GF

The patient subsequently experienced GF and death

First report of desensitization with plasma exchange for 
allogeneic HSCT

Since only 45% of IgG is intravascular, rapid re-equilibration of plasma levels 
may occur (“rebound phenomenon”).
Plasma exchange is therefore unlikely to be sufficiently effective by itself

A.J. Barge et al, Blood 1989

MORE RECENT PROTOCOLS:
Plasma exchange combined with other methods, which aim to inhibit antibody production and antibody neutralization.

Bortezomib
In renal transplant recipients, bortezomib was shown to transiently eliminate DSA in 69% of patients with a median time 
to reemergence of DSA of 3.8 months.
In the case of SCT, transient suppression of DSA production may be sufficient as plasma cells will eventually be donor 
derived.

Rituximab
DSA abrogating effect similar to Bortezomib. 
This effect is typically more delayed then bortezomib and takes up to 3 months.

I.v. Ig 
Decreases the  half-life of IgG Abs by facilitating their endocytotic degradation in the endothelial cells and enhancing their 
clearance from the serum



On day -7 of desensitization, DSA levels are repeated to ensure a MFI reduction suggestive of a negative FCXM before conditioning
commencement.

Number of preconditioning TPE/IVIg treatments based on starting DSA levels correlated to crossmatch tests.
• DSAs at a level of weak to moderately positive FCXM: 3-4.
• Strongly positive FCXM, crossmatch due to the presence of class II antibodies (less amenable to reduction), multiple DSAs, HLA

mismatches repeated from a previous transplant, a child-to-mother transplant, increasing DSA level before the initiation of treatment: 5-6

Additional DSA measurement is made on day -1.
In case of DSA rebound 1 to 2 additional TPE/IVIg treatments are prescribed on day +1 and potentially on day +2.
Additional monitoring is performed on days +3 and +5 to determine if additional post-BMT treatments are needed.

The desensitization process, integrated into the RIC regimen, starts 1 to
2 weeks before conditioning:
• Alternate-day, single plasma volume TPE (↑) with post-TPE/IVIg

(0.1 g/kg),
• Tacrolimus (1 mg IV/d), continued through day 21.
• Mycophenolate mofetil (1 g twice daily), continued through day 21.
• 1 TPE/IVIg treatment on day -1

Desensitization integrated into conditioning regimen

M.S. Leffel et al, BMT 2015



DSA reduced to levels considered negative post-transplant in 11 patients
DSA remained at low levels in 3 patients 
All 14 patients achieved donor engraftment by Day +60
7 patients relapsed (too immunosuppressive?)

Desensitization integrated into conditioning regimen

M.S. Leffel et al, BMT 2015



DSA rebound

S. Hassan et al, Transfusion 2021



First study to show that plasma exchange removes a
substantial amount of ATG in high-risk kidney transplant
patients

Removal of Anti-Thymocyte Globulin by Plasma Exchange

P.M. West-Thielke et al, Transplant Proc. 2021 



Desensitization start 4–6 weeks before transplant:
• Bortezomib 1.3 mg/m2 on days 1, 4, 8 and 11
• Rituximab 375 mg/m2 weekly
• i.v. Ig 1000 mg/kg,
• Plasmapheresis (in which one plasma volume exchanged

with a 5% albumin replacement solution, twice weekly)

In most cases: variable combinations of these interventions.

Plasmapheresis continued after stem cell infusion until
neutrophil engraftment in three patients with persistently high
DSA levels.

Baseline median DSA level 3193 MFI (range: 1045–19 707 MFI)
against one or more alleles (average two alleles).

After intervention, the median DSA level: 606 MFI (range:
156–19 333 MFI).

U. Gergis et al, BMT 2014

Desensitization in cord blood transplantation



11 DSA-positive patients:
• 5 received treatments to decrease DSA levels
• 2 received plasma exchange and rituximab
• 2 received platelet transfusions (40 units) from healthy-

related donors having DSA corresponding HLA Ags
• 1 received bortezomib

S. Yoshihara et al, BMT 2012

Platelet transfusions

Platelet transfusion was the most effective
treatment option for class I DSA



Chronological monitoring of the titer of HLA antibodies 
every 1 h during and after the DSA-PC transfusion:
Marked attenuation of not only DSA (anti-HLA B*40:02 Ab) 
but also other HLA antibodies targeting HLAs containing an 
epitope, 163EW, which was shared with HLA B*40:02.

Relapsed patient who developed DSA after the first cord blood 
transplantation:
• single dose of rituximab 375 mg/m2 on day −10
• IVIg 5 g per day for 4 days (day −8 to −5)
• 20 units of platelets from healthy donor who had HLA 

corresponding to DSA 6 h  before undergoing second 
transplant from haploidentical donor

Serum MFI level significantly reduced
Engraftment successfully achieved

Platelet transfusions

Platelets have only class I HLA antigens on their surface

Platelet transfusions can only absorb DSA specific to class I HLA antigens 

T. Yamashita et al, BMT 2017



Thirty-seven patients (median age 51 years)
Treatment outcomes compared with a control group of Haplo
HSCT patients without DSAs (n = 345). 
3 sessions of alternate-day plasma exchange (PE) with 1x to 
1.5x plasma volume.
Mean DSA level before and after desensitization was 10 198 
and 5937 MFI, respectively (mean differences: 4030 MFI).

14/30 tested patients (46.7%) had C1q positivity, 8/29 tested patients (27.6%) remained positive after desensitization. 

Multivariable analysis: patients with initial DSA > 20 000 MFI and persistent positive C1q after desensitization had a significantly lower engraftment rate, higher 
non-relapse mortality and worse overall survival (OS) than controls. 

Outcome of patients with initial DSA < 20 000 MFI and those with negative C1q after treatment were comparable with controls.

Plasma exchange and irradiated buffy-coat infusion

S.O. Ciurea et al, Blood Adv 2021



33 patients who had positive DSA, compared with 99 patients with negative DSA (randomly 
matched as control). 
• Median DSA MFI values before DFPP: 7505.88 ± 4424.38 
• Median DSA MFI values after DFPP treatment: 2013.29 ± 4067.22 (p < 0.001).
All patients in DSA group achieved neutrophil and platelet engraftment

Two sessions of alternate day of DFPP starting 1 week prior to conditioning regimen, followed 
by a single dose of rituximab (375 mg/m2) the next day after completion of DFPP

Double filtration plasmapheresis

L. Liu et al, Br J Haematol. 2023



All patients engrafted and alive

Desensitization in children

Lipsitt A. et al, Pediatr Blood Cancer 2022



The OPBG experience

If after PE aHAb MFI 
still > 5000 MFI

Pre-desensitization MFI ,
Median (range)

Post-desensitization MFI,
Median (range) 

Median reduction
(range)

% reduction

Anti-HLA class I 9392 (1420-22418) 2637 (1636-13280) 5280 (range 880-10791 -72%

Anti-HLA class II 2810 (0-13883) 1589 (0-3680) 2414 (range 0-9600) -56%

Cumulative incidence of GF was 29.2% (95% CI 0.3-49.8) in the 14 treated patients. 
No serious advent events associated with the desensitization therapy was recorded



Is there a DSA cutoff more detrimental to engraftment?
• A positive test for DSA is considered when MFI is above 1,000 (the cutoff of MFI values used varies among

transplant centers and laboratories).

• The significance of low antibody levels remains unclear. Rejection can occur at any DSA level for MFI>1000,
the likelihood of developing PGF increases as the MFI levels increase.
Low MFI levels (<3000) unlikely represent risk factors for transplantation.
The incidence of PGF appears to increase with MFI levels above 5000.

• There is no predictability by IgG mean fluorescence intensity (MFI) as to which of the antibodies will bind
C1q because fixation is independent of antibody intensity.
Higher MFI levels (>5,000) correlate also with the complement-binding ability (which could contribute to a
higher likelihood of rejection.

• C1q testing is not done yet in many centers: because of the high association with high DSA levels (>5,000
MFI), it should be presumed that high DSA levels are most likely complement-binding.

• If C1q testing is positive or the pre-treatment DSA Luminex MFI is >20000, desensitization may not be
successful.

[1] S.O. Ciurea et al, BMT 2018. [2] D.E. Gladstone et al, Hematology Am Soc Hematol Educ Progr. 2017 [3] S. Bramanti et al, BBMT 2020



(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;

Patients with very high pre-treatment DSA levels (MFI>20.000) or and/or those who remain C1q positive at transplantation
have a very high risk of engraftment failure and should not proceed to transplantation or other/additional therapeutic
approaches should be investigated.

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

DSA monitoring 
and treatment 
recommendations

NO PREFENTIAL STRATEGIES

(1) DSA testing (by Luminex platform and/or cell-based
assays) be performed in all candidate patients for
haploidentical (or HLA mismatched) donor transplants;

NO INDICATION ON PLASMA EXCHANGE STRATEGY, NUMBER OF PROCEDURES, FREQUENCY AND TIMING

S.O. Ciurea et al, Blood Adv 2021

S.O. Ciurea et al, BMT 2018



Retrospective analysis of 955 patients, transplanted from mismatched donors between 2014 and 2017.
• 804 evaluable (36% females, 64% males)
• Median age: 48 (r: 0-72 years). 
• Females: 55% had previous pregnancies, 5% had abortions.
• 88% of patients had previously received blood transfusions.

354 out of 804 patients (44%) were screened for anti-HLA Ab: 
Luminex platform employed in 93% of cases
• 91/354 were positive for anti-HLA Ab (25.6%)
• 23 for DSAs

- 6.5 % of the screened patients; 
- 25.3 % of anti-HLAAb positive patients.

DONOR-SPECIFIC ANTI-HLA ANTIBODIES (DSAS) IN PATIENTS UNDERGOING ALLOGENEIC
HEMATOPOIETIC STEM CELL TRANSPLANTATION FROM MISMATCHED DONORS, ON BEHALF
OF GITMO AND AIBT

U. LA Rocca et al, EBMT meeting 2023

The GITMO-AIBT experience



• Identification of DSA in the pre-transplant period is associated with an increased risk of GF in recipients
of allografts from mismatched/haploidentical donors.

• Importance of a timely and correct DSA screening (especially in case of urgent transplant and absence
of alternative unrelated donors).

• Further studies are needed to clarify the impact of DSA with respect of different HLA-loci and the
characteristics influecing their specific immunogenicity.

• The availability of a highly-effective and reproducible strategy of desenstitization is crucial where the
urgency of the transplant and the immunogenetic characteristics of the donor/recipient pair outweigh
the possibility of identifying an alternative donor.

• Prospective studies are needed to harmonize diagnostic measures (methods and cut-off) and
therapeutic procedures, as well as to define the best strategy of desensitization.

• Desensitization strategies may also be investigated to further optimize allogeneic HSCT outcome also in
case of fully-matched donor (platelet-transfusion refractoriness…).

• Continue cooperation between transplant, transfusion and immunogenetics specialists is warranted.

CONCLUSIONS
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