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KIR B haplotype donors confer a reduced risk for relapse
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4Pediatric Hematology/Oncology, Fondazione, Istituto di Ricovero e Cura a Carattere Scientifico Policlinico, San Matteo, Pavia, Italy; 5Istituto di Ricovero e

Cura a Carattere Scientifico, Istituto Giannina Gaslini, Department of Experimental Medicine and Center of Excellence for Biomedical Research, University

of Genova, Italy

Key Points

• KIR haplotype B donors and
high KIR B content score
confer better protection
against relapse after HLA-
haploidentical transplantation
in pediatric acute
lymphoblastic leukemia.

• Haploidentical donor selection
criteria for childhood acute
lymphoblastic leukemia
should include KIR haplotype
and KIR B-content score.

We analyzed the influence of donor killer-cell immunoglobulin-like receptor (KIR) gene

haplotypes on the risk for relapse and the probability of event-free survival (EFS) in

children with acute lymphoblastic leukemia who received human leukocyte antigen–

haploidentical transplantation of ex vivo T-cell-depleted peripheral blood stem cells. The

KIR gene haplotype was evaluated in 85 donors, and the KIR B content score was

determined in the 63 KIR haplotypeB donors. Patients transplanted fromaKIR haplotype

B donor had a significantly better EFS than those transplanted from a KIR haplotype A

donor (50.6% vs 29.5%, respectively; P 5 .033). Moreover, a high donor KIR B-content

scorewas associatedwith a significantly reduced risk for relapse (Log-rank test for trend,

P 5 .026). These data indicate that KIR genotyping should be included in the donor

selection algorithm for haploidentical transplantation in children with acute lymphoblas-

tic leukemia with the aim of choosing, whenever possible, a KIR haplotype B donor with

a high KIR B-content score. (Blood. 2014;124(17):2744-2747)

Introduction

Natural killer (NK) cell function is tuned by an array of receptors
transducing either inhibitory or activating signals.1 Among these
receptors influencingNKcell function, the killer-cell immunoglobulin-
like receptors (KIRs) are of particular importance. The KIR gene
family consists of 17 genes (15 genes and 2 pseudogenes), each
encoding for a different receptor.2 Inhibitory KIRs recognize human
leukocyte antigen (HLA) A, B, and C alleles as their ligands,1 and
in humans, they show a polymorphism similar to that of the HLA
system, although their genes segregate independent of HLA
genes. As a consequence, every person expresses an individual
KIR pattern.3 The expression of inhibitory KIRs on NK cells led to
the discovery of NK cell alloreactivity in allogeneic hematopoietic
stem cell transplantation (HSCT); indeed, donor NK cells can
attack patient hematopoietic cells when lacking the ligand for the
corresponding inhibitory KIR. A strong graft-versus-leukemia
effect mediated by alloreactive NK cells, resulting in reduced risk
for relapse, was documented in adult patients with acute mye-
loid leukemia,4 as well as in children with acute lymphoblastic

leukemia (ALL),5,6 undergoing T-cell-depleted HLA-haploidentical
HSCT.

Activating forms of KIRs have been also identified and cloned,1,3

but only for KIR2DS1 and KIR2DS4 has the specificity for HLA
class1molecules beenunequivocally documented.KIRgenes, located
on chromosome 19, are inherited as haplotypes. Two basic KIR
haplotypes can be found in humans: the group A haplotype, which
has a fixed number of genes encoding inhibitory receptors (with the
exception of the activating receptor KIR2DS4), and the group B
haplotypes, which have variable gene content and 1 or more of the
B-specific genes: KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5,
KIR2DL2, and KIR2DL5.1,7,8

Among haplotype B individuals, a KIR B-content score can
further be established8 on the basis of the number of centromeric and
telomeric KIR B haplotype motifs. Cooley et al recently reported a
reduced relapse risk in adults with acute myeloid leukemia, but not
in those with ALL, given allogeneic HSCT from unrelated KIR
haplotype B donors.8 In that study, a reduced risk for relapse was
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also found for patients whose donor had an increased number of
centromeric and telomeric KIR haplotype B motifs.

The influence of KIR haplotypes on the outcome of children with
ALL given haploidentical HSCT is still unknown. Therefore, we
employed quantitative real-time polymerase chain reaction (PCR) to

determine theKIR profiles of donors for 85 childrenwith high-risk or
chemotherapy-refractory ALL given T-cell-depleted haploidentical
HSCT, and analyzed their effect on outcome.

Study design

All patients were younger than 18 years and had received T-cell-depleted
haploidentical HSCT, as previously described,9-11 between 1996 and 2013.
Patient characteristics are detailed in Table 1. DNA samples that had been
previously collected and stored were used for analysis. Written informed
consent was obtained from patients’ parents/legal guardians. The study was
approved by the Institutional Review Board of Tübingen University and
was performed in accordance with the Declaration of Helsinki.

The presence of the 17 KIR genes was investigated according to a
previously published method.12,13 Briefly, the PCR protocol consisted of
a first denaturation cycle of 20 seconds at 95°C, followed by 32 alternating
cycles at 95°C for 3 seconds and 64°C for 20 seconds each. H2O was used as
negative control, and Nectin and GAL-C were used as internal controls.
Quantitative real-time PCR was performed using the Bio-Rad CFX96TM
Real-Time System PCR Cycler.

The risk for relapse was expressed as cumulative incidencewith competing
risk to adjust the analysis for the competing event (namely, nonrelapse
mortality), whereas the probability of event-free survival (EFS) was
calculated according to the Kaplan-Meier method. The influence of patient
characteristics (sex, age, ALL immune phenotype, and state of remission at
transplantation) and transplantation-related factors (type of donor, condi-
tioning regimen, type of graft manipulation, donor NK alloreactivity, KIR
haplotype, and B-content score) on relapse risk and EFS was tested in both
univariate and multivariate analysis. Univariate prognostic analyses used the
Log-rank test (Mantel-Cox) for EFS andGray’s test for relapse risk.Variables
having a P value# 0.05 in univariate analyses were included in multivariate
analyses, which were performed using the proportional subdistribution
hazard regression model for relapse and the Cox proportional regression
model for EFS. Acute graft-versus-host disease was analyzed as a time-
dependent covariate in the univariate model for relapse. Statistical analysis
was performed using Graph Pad Prism 5 and the statistical software R.14,15

Results and discussion

Of the 85 patients studied, 69 (81%) were in first, second, or more
advanced complete remission, and 16 (19%)were not in remission at
the time of transplantation. Sixty-three (74%) donors had a KIR
haplotype B and 22 (26%) a KIR haplotype A. This distribution is in
line with what has already been reported in Caucasian populations
(www.allelefrequencies.net/).

Twenty patients (24%) developed acute graft-versus-host disease,
and 12 (14%) developed chronic graft-versus-host disease. Thirty-
five patients (41%) relapsed after transplantation, and 11 (13%)
experienced nonrelapse mortality. Fourteen of the 22 patients (64%)
transplanted from a KIR haplotype A donor relapsed compared with
only 21 (33%) of the 63 patients transplanted from a KIR haplotype

Table 1. Patient characteristics

Patient characteristics at hematopoietic stem
cell transplantation (n585) n

Diagnosis

ALL 85 (100%)

Immunophenotype

Common-ALL 26 (31%)

Pre B-ALL 31 (36%)

T-ALL 17 (20%)

Pre T-ALL 3 (4%)

Unknown 8 (9%)

Cytogenetics

BCR-ABL-positive 7 (8%)

Median age at hematopoietic stem cell

transplantation, years (range)

10 (1-18)

Remission status at time of hematopoietic stem

cell transplantation

Complete remission 69 (81%)

Not in remission 16 (19%)

Donor

Mother 41 (48%)

Father 38 (45%)

Sibling 5 (6%)

Cousin 1 (1%)

Graft source

PBSC 85 (100%)

Conditioning regimen

TBI-containing regimen 34 (40%)

Non TBI-containing regimen 51 (60%)

Graft manipulation

CD341 cell positive selection 40 (47%)

CD31/CD191 cell negative depletion 28 (33%)

TcR-ab T-cell negative depletion 17 (20%)

Current status

Alive in complete remission 39 (46%)

Relapsed 35 (41%)

Dead for non-relapse causes 11 (13%)

Graft-versus-host disease

Acute 20 (24%)

Chronic 12 (14%)

Donor KIR haplotype

A 22 (26%)

B 63 (74%)

Donor KIR B-content score*

0 22 (26%)

112 54 (63%)

314 9 (11%)

Donor NK alloreactivity**

Mismatch 33 (45%)

Match 41 (55%)

Sixty-three children were transplanted in the Children’s Hospital, University of

Tübingen, Germany; 4 were transplanted in the Department of Pediatric Oncology,

University Hospital Lund, Sweden; 8 were transplanted in the Department of Pediatric

Hematology and Oncology of Istituto di Ricovero e Cura a Carattere Scientifico Policlinico

San Matteo, Pavia, Italy; and 10 were transplanted in the Department of Pediatric Hema-

tology and Oncology of Istituto di Ricovero e Cura a Carattere Scientifico Ospedale

Bambino Gesù, Rome, Italy. PBSC, peripheral blood stem cells; TBI, total body irradiation.

*Donor KIR B-content score was evaluated according to Cooley et al.8

**Donor NK alloreactivity was evaluated according to the KIR-ligand model (see

also Moretta et al1 and Ruggeri et al4). Please note that complete 4-digit HLA types

of donors and related recipients were only available for 74 patients.

B-ALL, B-cell ALL; T-ALL, T-cell ALL.

Table 2. Variables found to influence relapse in multivariate analysis

Relative risk and 95% confidence interval P value

KIR haplotype B

2.82 (1.37-5.77) .005

Acute graft-versus-host disease

6.42 (1.41-29.16) .016

Remission Status

5.42 (2.30-12.75) .001
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B donor. The cumulative incidence with competing risk analysis
demonstrated a significantly reduced incidence of relapse for
patients transplanted from KIR haplotype B donors (Gray’s test for
relapse, P5 .010) (Figure 1A).

In children transplanted in complete remission, 53% (8 of 15) of
the patients transplanted from a KIR haplotype A donor relapsed
compared with only 28% (15 out of 54) of those transplanted from
a KIR haplotype B donor (P 5 .062). Neither nonrelapse mortality
nor relapse incidence were influenced by donor KIR haplotype in
patients transplanted with active disease (data not shown).

The 5-year EFS of patients transplanted from aKIR haplotype B
or KIR haplotype A donor were 50.6% and 29.5%, respectively
(P 5 .033; Figure 1B).

We also determined KIR B-content scores for all donors ac-
cording to the system proposed by Cooley et al.8 These results were
condensed according to the Donor KIR B-content group calculator
(neutral5 score of 0, better5 score of 1 or 2, best5 score of 3 or 4)
(www.ebi.ac.uk/ipd/kir/donor_b_content.html). Twenty-two (26%)
patients had a neutral score, 54 (64%) had a score of 1/2, and 9 (11%)
had a score of 3/4. The cumulative incidence with competing risk of
relapse showed a reduced risk for recurrence with a KIR B-content
score greater than 0 (Gray’s test, P5 .038; Figure 1C).

The 5-year-probability of EFS for patients transplanted from a do-
nor with a KIR B-content score of 3/4, 1/2, and 0 was 65%, 48%, and
29%, respectively (Log-rank test for trend, P 5 .026; Figure 1D).

In multivariate analysis, KIR haplotype B donors, being in com-
plete remission at time of transplantation and occurrence of acute
graft-versus-host disease were associated with a lower relapse risk
(Table 2). These latter 2 variables were associated with better EFS
in univariate analysis (data not shown).

Our results show that using aKIRhaplotypeBdonor is associated
with lower relapse risk and better EFS after T-cell-depleted haploid-
entical HSCT in childhood ALL. In addition, we demonstrate
a correlation of donor high KIR B-content score with better
probability of EFS and lower relapse risk. The influence of donor
KIR genotype has been largely investigated in adults; in particular,
although acute myeloid leukemia patients given T-replete HSCT
from an unrelated volunteer showed a significantly improved out-
come when KIR haplotype B donors were employed; this protective
effect was not found in ALL.8 These data are in contrast with our
results in children with ALL, where we could demonstrate that KIR
haplotype B donors confer a greater protection from relapse than
KIR haplotype A donors. This discrepancy could be explained by
the different type of graft infused (replete vs depleted) and by the
observation that pediatric ALL blasts have higher expression of
activating KIR ligands, rendering them more susceptible to lysis
by KIR haplotype B donor NK cells than adult ALL blasts.16 It is
noteworthy that in a recent study by Michaelis et al, 57 adults with
hematological malignancies given T-cell-depleted haploidentical
HSCTwere found to have a reduced risk for relapsewhen transplanted
from a KIR haplotype B donor.17

In conclusion, although the number of patients analyzed is
limited, this study shows that in the setting of haploidentical HSCT,
a significant advantage exists for children with ALL transplanted
from a KIR haplotype B donor. Therefore, KIR haplotype B donors
with high B-content score should be preferentially chosen for these
patients, and KIR genotyping should be included in the selection
algorithm. The advantage of using a KIR haplotype B donor, es-
peciallywith a highKIRB-content score, in childrenwithALLgiven
unmanipulated grafts remains to be proved.

Figure 1. Cumulative incidence of relapse (A) and

Kaplan-Meier estimate of event-free survival (B) ac-

cording to the KIR haplotype of the donor for the

whole population of patients. Cumulative incidence

of relapse (C) and Kaplan-Meier estimate of event-free

survival (D) according to the KIR B-content score of the

donor for all patients.

2746 OEVERMANN ET AL BLOOD, 23 OCTOBER 2014 x VOLUME 124, NUMBER 17

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/124/17/2744/1380729/2744.pdf by guest on 19 M

ay 2023

http://www.ebi.ac.uk/ipd/kir/donor_b_content.html


Acknowledgments

This workwas supported by grants from the Stiftung für krebskranke
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