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Introduction
A successful allogeneic Hematopoietic Cell Transplantation (alloHCT) program requires a 

close collaboration between transfusion and transplant experts. Transfusion of alloHCT recipients 
depends on ABO incompatibility, the need for irradiated products, and appropriate use of CMV 
negative and HLA-matched products. Since stem cells do not express ABO antigens, alloHCT is 
feasible across ABO barriers [1].

ABO incompatibility between donor and recipient is encountered in up to 50% of alloHCTs 
[1]. Some studies have suggested that ABO incompatibility is associated with poor Overall 
Survival (OS) and increased Treatment-Related Mortality (TRM) indicating adverse risk groups 
such as patients with reduced intensity conditioning, unrelated donor or bone marrow graft [2-
6]. In 2009, a meta-analysis showed marginally lower overall survival in patients with minor or 
bidirectional mismatched grafts from unrelated donors, highlighting the need of further studies 
[7]. On the contrary, our group has presented that ABO incompatibility does not compromise 
alloHCT outcomes [8]. Further studies confirmed these results [9-13]. Recent studies focusing on 
the haploidentical setting are in agreement with these results, only in patients transplanted with 
peripheral grafts [14,15].

ABO incompatibility classified into major (recipient’s plasma contains ABO isoagglutinins 
against donor red blood cells/RBC antigens), minor (graft contains the isoagglutinins targeting 
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the recipient’s A and/or B antigen), and bidirectional (both major 
and minor). Patients with Major ABO incompatibility may develop: 
1) immediate hemolysis of the RBCs infused with the graft, 2) 
delayed hemolysis of the RBCs produced by graft, or 3) Pure Red 
Cell Aplasia (PRCA). Severe hemolytic transfusion reaction at the 
time of transplant can be successfully eliminated by ex-vivo RBC 
removal from the donor marrow. Regarding PRCA, monitoring by 
immunohematological testing has been suggested. Nevertheless, 
there are no established criteria for the maximum allowable RBC 
content in products and/or the critical isoagglutinin titer in the donor. 
Patients with minor ABO incompatibility are at risk of developing 
immediate hemolysis of the recipient RBCs or delayed hemolysis due 
to persistent production of isoagglutinin by the marrow lymphocytes. 
Other risks have been also postulated since blood group antigens 
expressed on recipient’s cells may be bound by donor isoagglutinins. 
Such risks of endothelial injury syndromes have not been debated in 
recent studies [16]. The simultaneous occurrence of major and minor 
ABO incompatibility is rare; and causes hemolysis by the recipient, 
and/or donor isoagglutinins.

Despite renewed interest in the role of ABO isoagglutinin levels, 
relevant studies are scarce. In the present study we primarily aimed 
to investigate the impact of ABO isoagglutinin levels on guiding 
management of ABO incompatibility compared to our historic 
control group. Secondarily, we addressed the controversial issue of 
the impact of ABO incompatibility on alloHCT outcomes.

Methods
Study population

We prospectively enrolled consecutive alloHCT recipients 
treated at our JACIE-accredited Unit from January 2014 to June 2019. 
We also enrolled a historical control group of consecutive alloHCT 
recipients transplanted at our center from 2001 to 2013. Data were 
extracted from our prospectively acquired database, with an updated 
follow-up of patients until December 2019. Charts from patients with 
ABO incompatibility were re-reviewed to identify diagnostic and 
therapeutic features.

Patients were transplanted according to standard European 
Society for Blood and Marrow Transplantation (EBMT) indications 
[17] and standard operating procedures of our JACIE-accredited 
center, as previously published [18,19]. Assessment and grading 
of acute GVHD was performed according to criteria suggested by 
Glucksberg et al., while chronic GVHD was assessed and graded 
according to Sullivan et al criteria [20,21]. Disease phase at transplant 
was categorized in 3 groups: 1st complete remission (early), other 
complete remission (intermediate) or advanced stage. Unrelated 
and haploidentical transplant recipients received low dose of rabbit 
ATG (Thymoglobulin 5 mg/kg) as part of the conditioning, as 
previously described [18,19]. As recommended, blood products were 
irradiated according to our department protocol, so that no part of 
the component received a dose lower than 25 Gy and higher than 50 
Gy (European Committee (Partial Agreement) on Blood Transfusion 
(CD-P-TS) 2017).

Management of patients with ABO incompatibility
Complications are related to both major and minor 

incompatibilities. The following standard operation procedures 
were followed throughout the study period. In case of major ABO 
mismatch, the red cell contamination in Peripheral Blood Stem Cell 
(PBSC) graft was kept <20 mL, and RBC depletion of bone marrow 

grafts was performed, according to recommendations [22,23]. 
Prophylactic infusion of Rh-negative blood was preferred for Rh 
minor mismatches. Group O RBCs and donor type platelets were 
used until recipient change to donor ABO type.

An extensive work-up was performed in patients with signs and/
or symptoms of anemia and ABO incompatibility. Diagnosis of PRCA 
was performed by an extended profile of tests to exclude other causes 
of anemia, as previously described [24]. Patients with erythroblasts 
lower than 10% in the bone marrow and exclusion of other causes 
were managed for suspected PRCA with erythropoietin initially 
and then, steroids or plasma exchange when necessary. During the 
current period, sequential measurements of ABO isoagglutinins 
guided decisions, in patients with a titer of 1:32 and higher.

ABO isoagglutinin measurement
Since 2014, our transfusion service standardized IgG ABO 

isoagglutinin measurements. Briefly, measurements are performed 
through our automated instrument (AutoVue Innova, Ortho, 
USA) using serial manual dilutions. Standardization of the 
method included titrating studies with the automated and manual 
method. Measurement was performed once in patients with ABO 
incompatibility and sequentially in patients with suspected PRCA.

Statistical analysis
Data were analyzed using the statistical program SPSS 22.0 

(IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM 
Corp). Continuous variables were described as median and range and 
categorical variables as frequencies. Patient-, disease-, and transplant-
related variables were compared using chi-square statistics for 
categorical variables and Mann-Whitney for continuous variables. 
Studied factors in the whole transplant population included: age, 
gender, disease, phase at transplant, type of donor and graft, type 
of conditioning, ABO incompatibility, acute and chronic GVHD, 
relapse, survival. Probabilities for relapse, TRM and GVHD were 
calculated using the cumulative incidence estimator to accommodate 
competing risks [25]. Kaplan-Meier estimates were used to calculate 
the probability of Disease-Free (DFS) and Overall Survival (OS). A 
pre-planned sub-group analysis was performed according to donor, 
conditioning and graft source. Multivariate analysis was performed 
using Cox proportional hazards model for DFS and OS.

Results
Study population

We studied 645 alloHCT recipients, 410 transplanted in the early 
and 235 in the current time period. Table 1 summarizes patients’ 
transplant characteristics. Differences between groups can be 
explained by changes in transplant policies over the years. Patients 
transplanted in the current period were characterized by significantly 
increased age and percentage of alternative donors, as well as lower 
percentage of advanced disease phase at transplant and myeloablative 
conditioning compared to the early period (Table 1).

ABO incompatibility
Among 645 alloHCT recipients, 147 (23%) had ABO 

incompatibility (144 major, 41 minor, 39 bidirectional). Of these, 86 
were transplanted in the early, compared to 61 in the current period. 
Incidence of ABO incompatibility did not differ between treatment 
periods (21% vs. 26%, p=0.143). Acute or delayed hemolysis produced 
by the graft was not clinically significant. Prolonged transfusion 
requirements were observed only in patients with PRCA.
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Pure red cell aplasia
In total, 29 patients developed PRCA at a median of 32 (24-115) 

post-transplant day; 23 in the early and 6 in the late period (p=0.012). 
Among pre-transplant factors, treatment period (p=0.003) and major 
incompatibility (p<0.001) independently predicted PRCA diagnosis. 
The effect of treatment period may be attributed to measurement 

of isoagglutinin levels. The latter guided management of non-
hemolytic anemia leading to a reduced number of patients in need of 
intervention for PRCA.

Transfusion requirements were increased in patients treated for 
PRCA during the early with a median of 4 (range 1-89) compared 
to current period with a median of 1 (0-12). Erythropoietin was 

Characteristics Early period (n=410) Current period (n=235) p-value

Age (median, range) 36, 4-66 39, 16-67 0.007

Male gender (n, %) 143 (35) 103 (44) 0.048

Disease (n, %)   

0.122
Acute myeloid leukemia 169 (41) 89 (38)

Acute lymphoblastic leukemia 151 (37) 80 (34)

Other 90 (22) 66 (28)

Phase at transplant (n, %)   

0.032
Early 197 (48) 132 (56)

Intermediate 78 (19) 49 (21)

Advanced 135 (33) 54 (23)

Myeloablative conditioning (n, %) 319 (78) 159 (68) 0.012

Peripheral blood graft (n, %) 274 (67) 212 (90) <0.001

Donor (n, %)   

<0.001
Sibling 175 (72) 109 (46)

Unrelated 111 (27) 110 (47)

Alternative 4 (1) 16 (7)

Table 1: Characteristics of patient population (n=645).

D            E            F 

Figure 1: A-C: Similar overall survival in patients with major (A), minor (B), and bidirectional (C) incompatibility transplanted during the early period (2001-2013). 
D-F: Similar overall survival in patients with major (A), minor (B), and bidirectional (C) incompatibility transplanted during the current period (2014-2019). Dotted 
lines refer to patients with incompatibility as noted.
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administered in all PRCA patients, steroids in 15/29 and plasma 
exchange in 11/29 with a median of 9 (5-15 sessions). A titer of 512 
or higher was associated with the development of PRCA (p<0.001), 
that required plasma exchange in all but one cases (p=0.023). One 
patient presented with PRCA due to Rhesus incompatibility with pre-
existing anti-D alloimmunization that resolved with erythropoietin, 
corticosteroids and 9 plasma exchange sessions.

Outcomes in the whole cohort
The effect of ABO incompatibility (major, minor, and 

bidirectional) was studied in the early and current period. The median 
follow-up of surviving patients in the early period reached 107 
months (range 73-228). OS was not different in patients with major, 
minor, and bidirectional incompatibility, as shown in Figure 1. With a 
follow-up of 27.6 months (5.9-61) in surviving patients of the current 
period, there was no difference in OS of patients with major, minor, 
and bidirectional (Figure 1). The results were similar in the sub-
group analysis of patients with unrelated donors, reduced intensity 
conditioning and bone marrow graft source. It should be noted 
however that only 1 patient among 21 with haploidentical donors, 
and 24 patients receiving a marrow graft had ABO incompatibility 
during the current period. In both periods, ABO incompatibility 
(major, minor or bidirectional) was also not associated with acute 
and chronic GVHD or TRM.

Outcomes in patients with ABO incompatibility
With a follow-up of 184 months (5-228) in surviving patients, 

PRCA did not affect DFS and OS (Figure 2, p=0.351 and p=0.447). 
Among pre-transplant factors, favorable OS was predicted only by 
early disease phase at transplant (p=0.001), sibling donors (p=0.006), 
and total body irradiation at conditioning (p<0.001); these remained 
independent predictors in the multivariate analysis. Similarly, PRCA 
was not associated with acute and chronic GVHD or TRM. Despite 
differences in patient characteristics between time periods, neither 
reduced intensity conditioning nor transplant period had significant 
effects on HCT outcomes in patients with ABO incompatibility.

Discussion
Our findings confirm that ABO incompatibility is not 

associated with poor alloHCT outcomes. Interestingly, that was 
true for both treatment periods, despite differences in transplant 

characteristics. Furthermore, we have compared for the first time 
outcomes of ABO incompatibility in patients with measurements 
of ABO isoagglutinins compared to a historic control group. ABO 
isoagglutinin measurement has prospectively shown to be useful in 
guiding diagnosis and treatment of PRCA.

The impact of ABO incompatibility on alloHCT outcomes 
has been evaluated in heterogeneous transplant cohorts leading to 
conflicting results [2-4,6-15]. An earlier meta-analysis revealed that 
minor or bidirectional incompatibility leads to decreased OS in 
unrelated alloHCT [7]. Nevertheless, a large retrospective analysis 
by Damodar et al. [11] revealed that neither minor, nor bidirectional 
incompatibility had any effect on OS. The same was true for sibling, 
unrelated, and cord blood donors. Our results are in line with 
these findings, since ABO incompatibility did not affect transplant 
outcomes in both transplant periods. During the early period, the 
majority of donors were siblings; while, during the current period, 
the percentage of unrelated donors increased significantly. Regarding 
the graft source, results can be safely extracted only from the early 
period, showing no effect of the graft source.

Another debated issue in ABO incompatibility is the role of 
the reduced intensity conditioning. Hefazi et al. [5] indicated that 
major and bidirectional incompatibility is associated with poor 
outcomes in a certain group of patients with acute leukemia and 
myelodysplastic syndrome transplanted with reduced intensity 
conditioning. Similarly, analyses of outcomes in reduced intensity 
have identified ABO incompatibility as an independent predictor of 
poor TRM [3,26,27]. However, these data have not been confirmed 
by our analysis and other studies focusing on ABO incompatibility 
[9-13,28].

Taken together, these findings highlight that ABO incompatibility 
should not be considered as an adverse risk factor for alloHCT 
outcomes. This finding is of utmost importance for donor selection, 
especially in periods or areas with limited donor availability. Despite 
worldwide expansion of the donor pool with haploidentical donors, the 
latest COVID-19 pandemic has raised several obstacles in successful 
donor selection, including donor availability, cryopreservation and/
or transfer of grafts. In accordance with current guidelines [29], ABO 
incompatibility should not be considered a reason for transplantation 
deferral. It should be kept however in mind that grafts manipulation, 

Figure 2: Similar overall survival (A, p=0.351) and disease-free survival (B, p=0.447) in patients with and without PRCA. PRCA: Pure Red Cell Aplasia. Black line 
refers to patients with PRCA; while the dotted one to patients without PRCA.
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close monitoring and management through an effective blood bank 
and transfusion program may be essential for a successful alloHCT 
in these patients.

Regarding management of PRCA, our study has highlighted 
a useful role of isoagglutinin measurement. Although this seems 
reasonable, only a few small studies have presented relevant data, 
without studying a control patient population [30,31]. In addition, 
Curley et al. [32] have focused on pre-transplant measurements and 
guidance. Interestingly, there is no consensus guidance on post-
transplant measurements. Our study shows excellent outcomes of 
graft-induced hemolysis using only graft manipulation techniques. 
In addition, measurement of ABO isoagglutinins was associated with 
lower incidence of PRCA and lower transfusion requirements. We 
were also able to confirm a cut-off titer, above which patients are to be 
considered for plasma exchange. In addition, our therapeutic strategy 
of plasma exchange was effective in all refractory patients, sparing 
them from further immunosuppression with ATG, or rituximab that 
have been administered in refractory patients [1,33].

Lastly, another interesting finding of our study concerns the 
report of patient that developed PRCA due to Rhesus incompatibility 
with pre-existing anti-D alloimmunization. Rhesus incompatibility 
is not because anti-D alloimmunization is infrequent in alloHCT 
recipient [34]. This patient however, with pre-existing anti-D 
alloimmunization, developed refractory PRCA. Even in this case, 
treatment with erythropoietin, corticosteroids and 9 plasma exchange 
sessions was effective.

Our study has several limitations. First, we have prospectively 
recruited our patients with ABO isoagglutinins, but the historic control 
group was recruited retrospectively. Second, our patient population 
does not include special groups, such as pediatric thalassemia 
patients, in whom ABO incompatibility has been associated with 
impaired outcomes [35]. Furthermore, our cohort was characterized 
by a small number of haploidentical donors that does not allow for 
safe conclusions regarding this donor population. Nevertheless, our 
large cohort is representative of the global indications for alloHCT 
and improvements in alloHCT practices over the years. Furthermore, 
our patients have been transplanted according to the standard 
operational procedures of a single center.

In conclusion, our real-world data in a large cohort of HCT 
recipients confirm previous reports that ABO incompatibility does 
not affect alloHCT outcomes. ABO isoagglutinin levels emerge 
as a helpful tool in prospectively guiding proper diagnosis and 
management in these patients. Given the lack of consensus guidance 
in ABO isoagglutinin measurements, future prospective studies will 
clarify their role in clinical practice.
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