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Background: ABO blood group incompatibility between donor and recipient is associated with

a  number of immunohematological complications, but is not considered a major contraindi-

cation to allogeneic hematopoietic stem cell transplantation. However, available evidence

from  the literature seems to be conflicting as to the impact of incompatibility on overall sur-

vival,  event-free survival, transplant-related mortality, graft-versus-host disease, and time

to  neutrophil and platelet engraftment.

Methods: This single-center, prospective, cohort study included patients with hematological

malignancies who underwent a first allogeneic hematopoietic stem cell transplantation

between 2008 and 2014. Patients receiving umbilical cord blood as the stem cell source were

excluded from this analysis. The impact of ABO incompatibility was evaluated in respect

to  overall survival, event-free survival, transplant-related mortality, acute graft-versus-host

disease and engraftment.

Results: A total of 130 patients were included of whom 78 (60%) were males. The median

age at transplant was 36 (range: 2–65) years, 44 (33%) presented ABO incompatibility, 75

(58%) had acute leukemia, 111 (85%) had a related donor, 100 (77%) received peripheral blood

hematopoietic stem cells as graft source and 99 (76%) underwent a myeloablative condition-

ing  regimen. There was no statistically significant association between ABO incompatibility

and  overall survival, event-free survival, transplant-related mortality, grade II–IV acute graft-

versus-host disease, neutrophil or platelet engraftment in multivariate analysis.

Conclusion: These results show that ABO incompatibility does not seem to influence these

parameters in patients undergoing allogeneic hematopoietic stem cell transplantation.
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Introduction

Allogeneic hematopoietic stem cell transplantation
(alloHSCT) constitutes a potentially curative approach to
a number of malignant and non-malignant hematological
diseases. During the past few decades, results of alloHSCT
have improved considerably, particularly with advances in
donor selection, hematopoietic stem cell source, supportive
measures, management of post-transplant complications,
and development of less toxic conditioning regimens, as
well as novel post-transplant treatment platforms. This
improvement has broadened alloHSCT indications sig-
nificantly worldwide and has expanded the number of
transplant-eligible patients.1,2

Donor-recipient ABO blood group incompatibility (ABOi)
is not a contraindication to alloHSCT. ABOi is observed in
30–40% of human leukocyte antigen (HLA)-matched trans-
plants, since ABO genetic inheritance is independent to that
of HLA haplotypes. Several complications related to ABOi
have been described in studies, such as acute and chronic
hemolytic transfusion reactions,3–5 pure red cell aplasia,6–8

delayed engraftment,9,10 and increased incidence of acute
graft-versus-host disease (GvHD),11,12 but this has not been
confirmed in others.13–15 Conflicting results seem to be more
prominent with regard to the occurrence of GvHD in this
setting.16,17

Considering the conflicting evidence as to the real impact
of ABOi on alloHSCT outcomes, this study aimed to assess
the impact of ABOi on major outcomes in patients with
hematological malignancies undergoing a first alloHSCT at a
transplant referral center in Brazil.

Methods

This was a prospective, single-center, cohort study, com-
prising patients with hematological malignancies (acute
leukemia, myelodysplastic syndrome, primary myelofibrosis,
chronic myeloid leukemia, lymphoma, and multiple myeloma)
undergoing a first related or unrelated alloHSCT at Hos-
pital das Clínicas, Universidade Federal de Minas Gerais,
Brazil, between the 1st April, 2008 and 31st December, 2014.
Patients receiving umbilical cord blood as stem cell source
and those undergoing haploidentical transplantation were
excluded from this analysis. This study was approved by
the institutional Research Ethics Committee, which abides by
the Declaration of Helsinki principles for research in human
beings, and an informed consent form was obtained from all
study participants.

Conditioning  regimen

The conditioning regimens administered in the included
patients were classified according to the National Marrow
Donor Program (NMDP) and the Center for International Blood

and Marrow Transplant Research (CIBMTR), as follows18,19:

a. Reduced intensity conditioning (RIC): use of an oral busulfan
formulation at a dose equal to or less than 9 mg/kg/body
er. 2 0 1 9;4  1(1):1–6

weight and intravenous melphalan at a dose equal to or
less than 140 mg/m2/body surface area.

b. Myeloablative conditioning (MAC): use of oral busulfan and
intravenous melphalan doses greater than 9 mg/kg/body
weight and 140 mg/m2/body surface area, respectively.

ABO  compatibility

Transplants were classified according to ABO compatibility
between donor and recipient, as follows:

a) ABO iso-group: donor and recipient had the same ABO
blood group;

b) Minor ABO incompatibility: when the donor had iso-
hemagglutinins against recipient red blood cell antigens;

(c) Major ABO incompatibility: when the recipient had iso-
hemagglutinins directed against donor red blood cell
antigens; this group also included bidirectional ABO
incompatibility (i.e., when there were iso-hemagglutinins
against both donor and recipient red blood cell antigens).

Clinical  outcome  definitions

Neutrophil engraftment: the first of three consecutive
days with a neutrophil count equal to or greater than
0.5 × 109 cells/L. For this analysis, the incidence of neutrophil
engraftment was considered within the first 30 days post-
transplant.

Platelet engraftment: the first of seven consecutive days
with a platelet count equal to or greater than 20 × 109/L with-
out transfusion support. The incidence of platelet engraftment
was  considered within the first 100 days post-transplant.

Transplant-related mortality: death associated with
alloHSCT complications and not related to relapse. The
cumulative incidence of transplant-related mortality was
assessed at one year post-transplant.

Event-free survival: probability of being alive after trans-
plant without having any events during the first two years
post-transplant. For this analysis, ‘event’ was defined as death
or relapse.

Overall survival: probability of being alive at two  years post-
transplant.

Acute GvHD was classified and graded according to the
Glucksberg-Seattle criteria.20 The cumulative incidences of
grade II–IV and grade III–IV acute GvHD were assessed within
the first 100 days post-transplant.

Statistical  analysis

Frequency (n) and proportion measures were used for categor-
ical variables and median, minimum and maximum values
were considered for continuous variables. Transplant-related
mortality was defined as death from all causes not related
to relapse. Event-free survival was defined as the interval
between transplant and death or relapse, whereas overall sur-
vival comprised the interval between transplant and death

from all causes. Event-free and overall survival were esti-
mated using the Kaplan–Meier method and the log-rank test
was used to compare these survival curves in the univari-
ate analysis. Data was censored at the time of death or of
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Table 1 – Characteristics of the population studied
(n = 130).

Characteristic

Gender: male – n (%) 78 (60.0)
Age at transplant (years) – median (range) 36 (2–65)

ABO incompatibility (ABOi) classification – n (%)
ABO iso-group 86 (66.1)
Minor ABOi 20 (15.3)
Major ABOi 20 (15.3)
Bidirectional ABOi 4 (3.3)

Primary disease – n (%)
AML 46 (35.4)
ALL 29 (22.3)
CML 20 (15.4)
HL 4 (3.1)
NHL 11 (8.5)
MM 1 (0.8)
MDS 12 (9.2)
PMF 7 (5.1)

Graft source – n (%)
BMHSC 30 (23.1)
PBHSC 100 (76.9)

Conditioning regimen – n (%)
MAC 98 (75.4)
RIC 32 (24.6)

Type of donor – n (%)
Related 111 (85.4)
Unrelated 19 (14.6)

ABOi: ABO blood group incompatibility; ALL: acute lymphoblastic
leukemia; AML: acute myeloid leukemia; BMHSC: bone mar-
row hematopoietic stem cells; CML: chronic myeloid leukemia;
HL: Hodgkin lymphoma; MAC: myeloablative conditioning; MDS:
myelodysplastic syndrome; MM: multiple myeloma; NHL: Non-
Hodgkin’s lymphoma; PBHSC: peripheral blood hematopoietic
hematol transfus ce

ast follow-up. The Gray method was used for the analyses of
ompeting events: in the analyses of neutrophil and platelet
ngraftment and of acute GvHD cumulative incidences, death
as considered a competing event, whereas, in the analysis
f the cumulative incidence of transplant-related mortality,
elapse was considered as a competing event. A significance
evel of 5% (p-value = 0.05) with a 95% confidence interval (95%
I) was used for the hazard ratio (HR) estimates. Cox’s propor-

ional hazards model was used for the multivariate analyses
f overall and event-free survival, and the Fine and Gray mul-
ivariate method for competing events was applied for the
nalyses of cumulative incidence of transplant-related mor-
ality, neutrophil and platelet engraftment, and acute GvHD.
he following variables were included in the univariate anal-
sis: source of hematopoietic stem cells, type of conditioning
egimen, type of donor, and type of ABOi. Variables with a p-
alue ≤0.30 in the univariate analysis, as well as the type of
BOi were included in the multivariate analysis. All statistical
nalyses were performed using the Easy R software package.

esults

atients

 total of 130 patients were included, of whom 86 (66%) were
BO iso-group with their donors, 20 (15.3%) had minor ABOi,
0 (15.3%) had major ABOi, and four (3%) had bidirectional
BOi. There was a predominance of males (60.0% of cases).
he median age at transplant was 36 (range: 2–65) years. Acute
yeloid leukemia (AML) and acute lymphoblastic leukemia

ALL) were the main primary hematological diseases, compris-
ng 46 (35.3%) and 29 (22.3%) cases, respectively. Patients’ main
haracteristics are shown in Table 1.

eutrophil  and  platelet  engraftment

he cumulative incidence of neutrophil engraftment at 30
ays was 83.8% (median: 19 days; range: 3–30 days). In uni-
ariate analysis (Table 2), type of ABOi was associated with an
ncrease in the time to neutrophil engraftment (88.4% of neu-
rophil engraftment in the ABO iso-group versus 62.5% in the

ajor/bidirectional ABOi transplants; p-value = 0.02). Neither
he type of ABOi nor the other studied variables showed any
tatistically significant predictive association with neutrophil
ngraftment in the multivariate analysis. Regarding the cumu-
ative incidence of platelet engraftment, it occurred in 76.2%
f cases during the first 100 days post-transplant (median: 21
ays; range: 3–100 days). None of the studied variables showed
ny predictive association with platelet engraftment (Table 2
nd Table 3).

raft-versus-host  disease

he cumulative incidences of grade II–IV and grade III–IV acute
vHD during the first 100 days post-transplant were 33.1% and

.7%, respectively. Neither the type of ABOi nor the other stud-
ed variables showed any statistically significant association

ith the cumulative incidence of grade II–IV and grade III–IV
cute GvHD in the univariate analysis (Table 2). In multivariate
stem cells; PMF: primary myelofibrosis; RIC: reduced intensity
conditioning.

analysis, neither the type of ABOi nor the other studied vari-
ables were associated with the cumulative incidence of grade
III–IV acute GvHD (Table 3).

Transplant-related  mortality

The cumulative incidence of transplant-related mortality dur-
ing the first year of transplant was 38.5%. Neither the type
of ABOi nor the other studied variables showed any statisti-
cally significant predictive association with transplant-related
mortality in either the univariate or the multivariate analyses
(Tables 2 and 3, respectively).

Event-free  and  overall  survival

The estimated event-free and overall survival at two  years
post-transplant were 32.0% (95% CI: 21.3–36.9%) and 35.4%
(95% CI: 26.3–42.6%), respectively. Univariate (Table 2) and
multivariate (Table 3) analyses did not show any statis-

tically significant association between ABOi (p-value = 0.46)
or the other studied variables with event-free or overall
survival.
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Table 2 – Univariate analysis of the main post-transplant outcomes of 130 patients submitted to hematopoietic stem cell
transplant at a single center in Brazil.

OS EFS TRM aGVHD II-IV NE PE

% p % p % p % p % p % p

Classification
ABO iso-group 37.2 0.42 33.7 0.46 37.2 0.29 38.4 0.17 88.4 0.02 79.1 0.27
Minor ABOi 40.0 36.8 30.0 25.0 85.0 75.0
Major/bidirectional ABOi 25.0 21.7 50.0 20.8 62.0 58.3

Graft source
BM HSC 40.0 0.51 34.5 0.92 30.0 0.29 36.7 0.62 90.0 0.41 76.7 0.96
PBHSC 34.0 31.3 41.0 32.0 82.0 75.0

Gender
Male 33.8 0.83 31.5 0.79 41.6 0.40 35.1 0.48 81.8 0.08 76.6 0.67
Female 37.7 32.7 34.0 30.2 86.8 75.5

Conditioning regimen
MAC 35.4 0.61 31.6 0.87 41.9 0.69 33.3 0.93 83.8 0.12 75.8 0.10
RIC 35.5 33.3 37.4 32.3 83.9 77.4

Type of donor
Related 38.7 0.13 34.9 0.27  36.0 0.23 31.5 0.47 82.9 0.78 77.5 0.36
Unrelated 15.8 15.8 52.6 42.1 84.2 63.2

ABOi: ABO blood group incompatibility; BM HSC: bone marrow hematopoietic stem cells; PBHSC: peripheral blood hematopoietic stem cells;
MAC: myeloablative conditioning; RIC: reduced intensity conditioning; OS: overall survival; EFS: event-free survival; TRM: transplant-related
mortality; aGHVD: acute graft-versus-host disease; NE: neutrophil engraftment; PE: platelet engraftment.
Significance set for a p-value <0.05.

Table 3 – Multivariate analysis of the main post-transplant outcomes in 130 patients undergoing hematopoietic stem cell
transplant at a single center in Brazil.

Outcome Variable Hazard ratio (95% CI) p-Value

OS ABOi Minor 1.25 (0.72–2.17) 0.41
Major/bidirectional 0.87 (0.48–1.58) 0.66

Type of donor Unrelated 1.43 (0.81–2.52) 0.21
EFS ABOi Minor 1.28 (0.73–2.23) 0.37

Major/bidirectional 1.00 (0.55–1.80) 0.99
Type of donor Unrelated 1.24 (0.70–2.19) 0.45

TRM ABOi Minor 1.47 (0.73–2.97) 0.47
Major/bidirectional 1.29 (0.64–2.59) 0.42

Type of donor Unrelated 0.71 (0.31–1.61) 0.19

aGVHD II-IV
ABOi Major/bidirectional 1.19 (0.25–5.63) 0.82
Type of regimen MAC 0.33 (0.04–2.64) 0.30

NE ABOi Minor 0.50 (0.30–0.90) 0.20
Major/bidirectional 1.11 (0.65–1.89) 0.69

Recipient sex Female 1.31 (0.89–1.92) 0.17
Type of regimen MAC 1.30 (0.78–2.15) 0.31

PE ABOi Minor 0.67 (0.39–1.16) 0.16
Major/bidirectional 1.12 (0.62–2.01) 0.70

Type of donor Unrelated 1.37 (0.80–2.33) 0.25

ABOi: ABO blood group incompatibility; OS: overall survival; EFS: event-free survival; TRM: transplant-related mortality; aGHVD II–IV: acute grade
II–IV graft-versus-host disease; MAC: myeloablative conditioning; NE: neutrophil engraftment; PE: platelet engraftment; 95% CI: 95% confidence
interval.
Significance set for a p-value <0.05.
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iscussion

he present study evaluated both the presence and the clin-
cal relevance of ABOi in alloHSCT. No significant impact of
BOi was found on overall and event-free survival, nor on

he cumulative incidence of transplant-related mortality, neu-
rophil and platelet engraftment, and grade II–IV and grade
II–IV acute GvHD.

The proportion of patients stratified as having ABOi in
his study is in accordance with that of the medical lit-
rature, where 30–50% of allogeneic transplants are ABO
ncompatible.21

Goldman et al.,22 in a retrospective study including
53 alloHSCT recipients with hematological malignancies,
howed, as in the current study, that the presence of ABOi
oes not influence overall survival. Their cohort study differs
rom this study due to its retrospective design and the fact that
atients with both Hodgkin’s and non-Hodgkin lymphoma
nd multiple myeloma were excluded from the analysis.
oreover, these authors showed a greater proportion of donor-

ecipient pairs with ABOi (45.1% versus 33.9%), with a different
istribution of ABOi subtypes: minor ABOi accounted for 18.9%
f cases compared to 15.3% in this study; major ABOi repre-
ented 22.9% (versus 15.3%) and bidirectional ABOi comprised
.3% of cases (which is equal to the 3.3% observed in this
tudy).

On the other hand, the results of a Japanese marrow donor
rogram that retrospectively analyzed data from 5549 allo-
eneic transplants with unrelated donors for the treatment
f malignant and non-malignant hematological diseases
howed that transplants with minor or major ABOi had worse
verall survival as compared to ABO iso-group transplants.
n that study, no significant difference was noted in overall
urvival for bidirectional ABOi transplants when compared to
so-group ones. However, worse transplant-related mortality,
elayed neutrophil and platelet engraftment, and greater inci-
ence of grade III–IV acute GvHD were observed in both major
nd minor ABOi groups. That study also observed a greater
roportion of HLA-mismatched transplants in the major,
inor and bidirectional ABOi groups (43.9% HLA-mismatched

ransplants in the major ABOi group, 23.1% in the minor ABOi
roup, and 2.8% in the bidirectional group) in comparison to
he ABO iso-group (30.2%) pairs (p-value <0.001). Such discrep-
ncy between the proportion of HLA mismatch in the ABO
so-group cases and that of the ABOi groups may have influ-
nced the overall survival, transplant-related mortality and
cute GvHD estimates found by those authors.23 Moreover,
hen compared to this study, important differences emerge
ith regard to the characteristics of the population studied,

uch as those related to the type of primary disease (malignant
nd benign disease versus only malignant hematological dis-
ase in this study), the type of donor (100% unrelated donors
ersus 14.6% in this study), and the proportion of patients with
BOi (49.2% in the Kimura et al.,22 study versus 33.9% in this
tudy).

24
Kim et al., in a retrospective study including 89 patients
ubmitted to alloHSCT using peripheral blood hematopoietic
tem cells for the treatment of malignant and non-malignant
ematological diseases, showed a proportion of 44.9% of ABOi
r. 2 0 1 9;4  1(1):1–6 5

transplants, among which 22.5% had major ABOi, 16.8% had
minor ABOi, and 5.6% had bidirectional ABOi within donor-
recipient pairs. These authors did not observe any statistically
significant differences in the incidence of transplant-related
mortality, acute GvHD, neutrophil engraftment and platelet
engraftment between the ABOi and the ABO iso-group trans-
plants, which is in accordance with the findings of the present
study.

In another retrospective study which included a larger
number of patients (562) with hematological malignancies
(mainly acute leukemia), 35.8% of cases had ABOi (27.0% had
minor ABOi, 23.7% had major ABOi, and 4.7% had bidirectional
ABOi). In contrast to the findings herein, this study noted a sig-
nificant association between minor ABOi transplants and the
incidence of low-grade acute GvHD, but no differences were
observed in respect to the incidence of moderate or severe
(II–IV) acute GvHD.25

In keeping with most of the aforementioned studies, no
differences were observed with regard to overall survival and
to transplant-related mortality, nor to the incidence of acute
GvHD, between the ABO groups in the current study.

The major drawbacks of this study were that it was lim-
ited to a single-center cohort, patients were enrolled based
on convenience sampling during a pre-specified time period
and included a relatively small number of subjects with
ABOi (20 minor ABOi transplants, 20 major ABOi cases, and
only four bidirectional ABOi donor-recipient pairs). This may
have masked potentially significant differences in outcomes
between ABOi subgroups. Likewise, due to the relatively small
number of patients who had ABOi and survived after Day 100
post-transplant (i.e., only 13 patients), it was not possible to
analyze the potential association of ABOi with the occurrence
of chronic GvHD in this population. Moreover, since most of
the patients received transfusions at different centers during
the late post-transplant period, we were unable to analyze the
probable implications of ABOi regarding transfusion depen-
dence and burden (due to a lack of reliable data from the
centers).

Conclusions

This prospective, single-center, cohort study found that ABOi
does not seem to influence overall and event-free survival, nor
the incidence of transplant-related mortality, acute GvHD, or
neutrophil and platelet engraftment in HLA-identical, related
and unrelated, alloHSCT patients. Multicenter studies, with a
greater number of patients with ABOi, may help to shed light
on the effects of ABOi on these and other clinically relevant
post-transplant outcomes in this population.
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