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Several studies suggest that harnessing natural killer (NK) cell reactivity mediated through
killer cell immunoglobulin-like receptors (KIRs) could reduce the risk of relapse after al-
logeneic hematopoietic cell transplantation. Based on one promising model, information
on KIR2DS1 and KIR3DL1 and their cognate ligands can be used to classify donors as
KIR-advantageous or KIR-disadvantageous. This study was aimed at externally validating
this model in unrelated donor hematopoietic cell transplantation. The impact of the pre-
dictor on overall survival (OS) and relapse incidence was tested in a Cox regression model
adjusted for patient age, a modified disease risk index, Karnofsky performance status,
donor age, HLA match, sex match, cytomegalovirus match, conditioning intensity, type of
T-cell depletion, and graft type. Data from 2222 patients with acute myeloid leukemia or
myelodysplastic syndrome were analyzed. KIR genes were typed by using high-resolution
amplicon-based next-generation sequencing. In univariable analyses and subgroup anal-
/) yses, OS and the cumulative incidence of relapse of patients with a KIR-advantageous

donor were comparable to patients with a KIR-disadvantageous donor. The adjusted
hazard ratio from the multivariable Cox regression model was 0.99 (Wald test, P = .93) for OS and 1.04 (Wald test,
P = .78) for relapse incidence. We also tested the impact of activating donor KIR2DS1 and inhibition by KIR3DL1
separately but found no significant impact on OS and the risk of relapse. Thus, our study shows that the proposed
model does not universally predict NK-mediated disease control. Deeper knowledge of NK-mediated alloreactivity

® KIR2DS1/KIR3DL1
genotype-informed
selection of unrelated
stem cell donors is not
ready for routine use.

® Deeper knowledge
of NK-mediated
alloreactivity is
necessary to predict
and optimize its
contribution to graft-
versus-leukemia
reactions.
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is necessary to predict its contribution to graft-versus-leukemia reactions and to eventually use KIR genotype
information for donor selection. (Blood. 2020;135(16):1386-1395)

between the risk of relapse after allogeneic HCT and the predicted
NK alloreactivity.®®

Introduction

Natural killer (NK) cells may contribute to early disease control
and remission induction soon after allogeneic hematopoietic cell

transplantation (HCT). Clinical evidence for this hypothesis
comes from clinical trials conducted by several independent
groups, which showed that NK cell transfusion may induce com-
plete remissions in patients with high-risk acute myeloid leukemia
(AML)."® Furthermore, several groups reported associations
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NK cells may kill target cells depending on the integration of
activating and inhibitory signals received through a variety of cell
surface receptors. Among them, killer cell immunoglobulin-like
receptors (KIRs), whose cognate ligands are HLA class | mole-
cules, play a major role. Different models for NK cell activation
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apply to specific transplant settings: In the setting of HLA class |
mismatched HCT, the missing-self hypothesis provides a con-
sistent explanation for NK-cell activation. If inhibitory KIRs do not
encounter their cognate ligands on target cells, NK cells may
become activated and kill their targets. Clinical evidence for
this hypothesis was published by a group of researchers from
Perugia in the early 2000s.7:1°

To explain KIR-mediated alloreactivity in HLA-compatible trans-
plantation, the missing-self hypothesis alone is not sufficient. Pa-
tients and donors do not differ in this setting with respect to their
ligands for KIRs, namely HLA class | molecules. Changes of the
NK-specific recognition pattern particular to the leukemic cells are
assumed to elicit NK-mediated alloreactivity. Indeed, such changes
have been described by several groups, although conflicting data
have been reported with respect to the downregulation or loss of
HLA class | molecules at diagnosis and relapse of AML.""'* Such
phenotypic changes of cancer cells mirror changes of virus-infected
cells to some degree.’*'> Notably, studies also found that indi-
viduals with distinct KIR/KIR-ligand combinations have lower HIV
infection rates and slower AIDS progression.'#1¢7

Building on these data, an advanced receptor-ligand model was
developed to predict outcome after allogeneic HCT for patients
with AML. This model essentially adopts the idea that a donor
KIR gene repertoire which optimizes signaling through activating
KIRs and minimizes signaling through inhibitory KIRs may reduce
the risk of relapse.'®' The final model incorporated information
on the KIR2DS1 gene status in addition to the expression level of
KIR3DLT alleles and their binding affinities to their dimorphic
ligand Bw4.77:20

Relapse after allogeneic HCT is a major cause of treatment
failure. The reduction of this risk by educated donor selection would
therefore be highly warranted. KIR genes are especially attractive
for advancing donor selection because the donor KIR genotype
would be sufficient to predict outcome when the patient's HLA is
known. The goal of the current study was to validate one advanced
KIR receptor-ligand model with potential for predicting relapse risk
after allogeneic HCT for patients with AML based on information on
donor KIR2DS1, KIR3DL1, and their cognate ligands."

Methods

Inclusion criteria

We conducted a retrospective study on the impact of KIR
genotype information on patients who were registered with
Deutsches Register fiir Stammzelltransplantationen (DRST). This
registry plays a major role in the data collection process of the
European Society of Blood and Marrow Transplantation (EBMT)
in Germany. All patients whose data were analyzed in this study
had provided written informed consent for the use of their
medical data for research purposes. Furthermore, all stem cell
donors had provided written informed consent when they
contributed a sample to the Collaborative Biobank (www.
cobi-biobank.de). The study was approved by the ethical committee
responsible for the biobank at the TU Dresden and the in-
stitutional review board of the DRST. Additional patient inclusion
criteria were first unrelated allogeneic HCT between January
2005 and December 2017, a diagnosis of AML or myelodys-
plastic syndrome (MDS), and age >18 years. All donor—recipient

VALIDATION STUDY FOR KIR-INFORMED DONOR SELECTION

pairs with three or more mismatches at HLA-A, HLA-B, HLA-C,
HLA-DRB1, or HLA-DQB1 were excluded.

Sample identity

Donor information was mapped to the medical data of the
patient using the donor identifier as a key. We succeeded in
linking information for 2304 donor-recipient pairs. To rule out
mistakes during this process, all donor samples were typed for
HLA and KIR genes. Information on the HLA type was used to
double-check the sample identity by comparing the typing result
vs the original typing results for that donor and by checking HLA
compatibility with the corresponding patient information.

KIR genotyping
Genotyping was performed by using a high-resolution, short
amplicon-based next-generation sequencing workflow. KIR
typing at the allele level was based on sequencing of exons 3, 4,
5,7, 8, and 9 and subsequent bioinformatic analysis as pre-
viously described.?!

Data preparation

HLA-C alleles were grouped in C1 and C2 ligands and B alleles
were grouped into Bw4-801/Bw-80T/Bwé epitopes based on
information retrieved from https://www.ebi.ac.uk/ipd/kir/ligand.
html. Expression levels of KIR3DL1 alleles were classified ac-
cording to Boudreau et al'? into high, low, or null. Information
on KIRs and their cognate ligands was grouped according to the
studies by Venstrom et al'® and Boudreau et al.””

Data from 23 donor-recipient pairs were excluded because
sample identity could not be unequivocally confirmed. Typing
of 59 samples failed due to quality controls indicating that
DNA was too low in quantity or quality for the workflow. The
final analysis set thus contained information on 2222 patients.
HLA compatibility between donors and recipients was assessed
based on information for two fields for HLA-A, HLA-B, HLA-C,
HLA-DRB1, and HLA-DQB1. The type of AML was grouped
according to the World Health Organization classification of
myeloid neoplasms and acute leukemia.?? AML in patients with a
documented history of myelodysplasia was considered as sec-
ondary AML after MDS. Using information available on the
genetic risk and disease stage at transplantation from EBMT
Minimal Essential Data Forms A and B, we calculated a simplified
Disease Risk Index (DRI) for AML and MDS. For this purpose,
cytogenetic risk was classified according to the rules for the
refined DRI?®* except for chromosome 17p abnormalities, which
were assigned to the adverse risk group. For patients with missing
stage, disease, or cytogenetic risk information, DRI group was
imputed based on frequencies reported in the publication of the
refined DRI. The intensity of conditioning regimens was classified
according to working definitions of EBMT and the Center for
International Blood & Marrow Transplant Research.?*

Primary endpoint and power considerations

Overall survival was selected as the primary endpoint because
this factor is very informative for decision-making and is objective.
The impact of weak or noninhibiting donor KIR3DL1/HLA-B
subtype combinations vs strong inhibiting donor KIR3DL1/HLA-B
subtype combinations in the context of HLA-compatible allogeneic
HCT had been estimated by a hazard ratio (HR) of 0.84 (95%
confidence interval [Cl], 0.72-0.98) for overall mortality by
Boudreau et al.” During the design phase of the current study,
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Table 1. Patient and donor characteristics

No. of patients 2222 (100) 574t (100) 16301 (100)
Patient sex

Male 1275 (57.4) 328 (57.1) 937 (57.5)

Female 947 (42.6) 246 (42.9) 693 (42.5) .9
Age at HCT, y

Median 59.3 59.6 59.2

IQR 49.8-65.6 50.1-65.8 49.7-65.5

Range 18.1-79.6 18.4-79.6 18.1-78.6 .5
Disease

AML 1773 (79.8) 472 (82.2) 1286 (78.9)

MDS 449 (20.2) 102 (17.8) 344 (21.1) .09

Disease risk

Low 1 (0.05) 0 ) 1 (0.06)

Intermediate 1308 (58.9) 326 (56.8) 970 (59.5)

High 906 (40.8) 248 (43.2) 652 (40.0)

Very high 7 0.3 0 ) 7 (0.4) 2
Karnofsky performance status

90%-100% 1517 (68.3) 386 (67.2) 1118 (68.6)

80% 451 (20.3) 126 (22.0) 322 (19.8)

=80% 116 (5.2) 28 4.9 87 (5.3)

Missing information 138 6.2) 34 (5.9 103 (6.3) 7
Donor age, y

Median 31 32 31

IQR 25-40 25-42 25-39

Range 18-60 18-58 18-60 .8
HLA match

10/10 matched 1727 (77.7) 422 (73.5) 1291 (79.2)

9/10 (DQB1 mm) 63 (2.8) 17 (3.0 45 (2.8)

9/10 (A, B, C, or DRB1 mm) 417 (18.8) 131 (22.8) 283 (17.4)

8/10 matched 15 0.7 4 0.7) " 0.7) .04
Patient-donor sex constellation

Male-male 1077 (48.5) 284 (49.5) 786 (48.2)

Male—female 198 (8.9) 44 (7.7) 151 9.3

Female-male 644 (29.0) 169 (29.4) 470 (28.8)

Female—female 303 (13.6) 77 (13.4) 223 (13.7) 7

Patient-donor CMV serostatus

Negative-negative 725 (32.6) 169 (29.4) 549 (33.7)
Negative—positive 159 (7.2) 52 9.1) 106 (6.5)
Positive-negative 506 (22.8) 130 (22.6) 371 (22.8)
Positive—positive 812 (36.5) 219 (38.2) 588 (36.1)
Missing information 20 (0.9) 4 0.7) 16 (1.0) 13
T-cell depletion
No T-cell depletion 432 (19.4) 106 (18.5) 323 (19.8)
ATG 1724 (77.6) 456 (79.4) 1254 (76.9)

Data are presented as no. (%) unless otherwise indicated. CMV, cytomegalovirus; IQR, interquartile range; TBI, total body irradiation.

*Pearson x? test of independence or Mann-Whitney U test for categorical or continuous parameters, respectively, to test whether the distributions differ between patients with a strong
inhibiting KIR3DL1 donor and patients with a weak/noninhibiting KIR3DL1 donor.

tPatients were classified according to the algorithms published by Boudreau et al'? in 2017. Numbers of patients grouped according to their donors’ KIR3DL1/HLA-B subtype combination do
not add up to the total number because 18 patients could not be classified according to the algorithm.
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Table 1. (continued)

Strong inhibiting Weak/noninhibiting

Parameter Total cohort KIR3DL1 KIR3DL1

Alemtuzumab 51 (2.3) 9 (1.6) 41 (2.5)

Ex vivo T-cell depletion 15 0.7) 3 (0.5) 12 0.7) 4
Conditioning intensity

Myeloablative 436 (19.6) 106 (18.5) 328 (20.1)

Reduced 1694 (76.2) 443 (77.2) 1235 (75.8)

Nonmyeloablative 83 (3.7) 21 (3.7) 62 (3.8)

Missing information 9 (0.4) 4 0.7 5 (0.3) 5
Conditioning

TBl-based 531 (23.9) 132 (23.0) 397 (24.4) .6

Chemotherapy-based 1689 (76.0) 441 (76.8) 1232 (75.6)

Missing information 2 (0.09) 1 (0.17) 1 (0.06)
Graft source

PBSC 2124 (95.6) 548 (95.5) 1559 (95.6)

Bone marrow 98 (4.4) 26 (4.5) 71 (4.4) 9
Year of HCT

2005-2009 208 (9.4) 44 (7.7) 164 (10.1)

2010-2013 493 (22.2) 120 (20.9) 369 (22.6)

2014-2017 1521 (68.5) 410 (71.4) 1097 (67.3) 12

Data are presented as no. (%) unless otherwise indicated. CMV, cytomegalovirus; IQR, interquartile range; TBI, total body irradiation.

*Pearson x? test of independence or Mann-Whitney U test for categorical or continuous parameters, respectively, to test whether the distributions differ between patients with a strong

inhibiting KIR3DL1 donor and patients with a weak/noninhibiting KIR3DL1 donor.

TPatients were classified according to the algorithms published by Boudreau et al'?in 2017. Numbers of patients grouped according to their donors’ KIR3DL1/HLA-B subtype combination do
not add up to the total number because 18 patients could not be classified according to the algorithm.

we calculated that data from 2123 patients with 1372 events
were required to reject the null hypothesis of no difference in
overall survival between the 2 KIR groups given the HR of 0.84, a
proportion of strong inhibiting donors of 25%, a type | error of
5%, and a power of 80%.

Statistical analysis

Relapse or progression was selected as the major secondary
endpoint. Additional endpoints were nonrelapse mortality and
event-free survival. Death, relapse, and progression (whichever
occurred first) were defined as events for event-free survival.
Death without previous relapse or progression was defined as
nonrelapse death. Incidence of acute graft-versus-host disease
(GVHD) and death were considered as competing risks. Events
for the composite endpoint, GVHD-free/relapse-free survival,
were death, relapse, acute GVHD grades Ill and IV, and ex-
tensive chronic GVHD. All time-to-event endpoints were eval-
uated in multivariable Cox proportional hazards regression
models. Relapse/progression and nonrelapse mortality and in-
cidence of GVHD were considered as competing risks and were
analyzed by using cumulative incidence curves and cause-
specific Cox regression models. In addition to the classifiers
of interest, the multivariable models contained information on
the patients’ Karnofsky performance status, age, sex, cyto-
megalovirus serostatus, disease risk index, conditioning in-
tensity, T-cell depletion, HLA-matching, donor age, donor sex,
and donor cytomegalovirus serostatus. Because no significant
interaction effects between these covariates and any classifiers
of interest have been identified, the Cox models contained only
main effects. The effects are reported as HRs with 95% Cls.

VALIDATION STUDY FOR KIR-INFORMED DONOR SELECTION

The proportionality assumption was checked for each covariable
for the main models analyzing overall survival and relapse by
means of plots of scaled Schoenfeld residuals and the test of
Grambsch and Thermneau.?

Results

Characteristics of the patient cohort

Clinical data from 2222 patients were analyzed. The median age
at allogeneic HCT was 59.3 years (range, 18.1-79.6 years). In-
dication for allogeneic HCT was AML for 80% of patients and
MDS for 20%. Disease risk was assessed as intermediate, high, or
very high in 59%, 41%, and 0.3%, respectively.

Patient and donor pairs were 10/10 matched in 78% of pairs,
whereas a one locus mismatch was reported for 22% of pairs.
Donor HLA-B mismatches translated into a constellation
of patients with missing inhibitory KIR3DL1-ligands in only
8 donor—recipient pairs (0.4% of all pairs).

Myeloablative, reduced-intensity, and nonmyeloablative con-
ditioning regimens were used in 20%, 76%, and 4% of patients,
respectively. Antithymocyte globulin (ATG) was administered
in 78% of patients and alemtuzumab in 2%. Nineteen percent
of patients received no T-cell depletion, and 1% received an
ex vivo T cell-depleted graft. Peripheral blood stem cell (PBSC)
and bone marrow were used as graft source in 96% and 4% of
patients. Further details and the distribution of patient charac-
teristics for 2 major subgroups defined by using donor KIR3DL1/
HLA-B subtype combinations are given in Table 1.
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Figure 1. Impact of donor KIR3DL1/HLA-B subtype combinations on relapse incidence and overall survival. This figure shows the univariate comparisons for the cumulative
incidence of relapse (left panel) and overall survival (right panel) in the framework of the 3-group model of patients classified based on their donors’ KIR3DL1/HLA-B subtype
combinations according to Boudreau et al."” The P values represent the score tests of univariate Cox regression models.

For the whole cohort, 2-year probabilities were 52% (95% Cl,
50-55) for overall survival, 45% (95% CI, 43-48) for event-free
survival, 29% (95% Cl, 27-31) for relapse incidence, and 26% (95%
Cl, 24-28) for nonrelapse mortality. In total, 566 relapses and
952 deaths were recorded. This number of events translated
into a power of 65% for the statistical comparison of mortality
among patients with noninhibiting or weak inhibitory donor
KIR3DL1/HLA-B subtype combinations vs strong inhibiting donor
KIR3DL1/HLA-B subtype combinations.

Impact of KIR3DL1/HLA-B subtype combinations

We analyzed the impact of strong inhibiting, weak inhibiting, and
noninhibiting (classification in 3 groups) and of strong inhibiting
vs weak/noninhibiting (classification in 2 groups) KIR3DL1/
HLA-B subtype combinations on outcome after transplantation.
Univariable comparisons for the classification into 3 groups
showed almost superimposable curves for the cumulative in-
cidence of relapse and survival (Figure 1), and multivariable Cox
regression modeling revealed no significant impact (Table 2).
Because different receptor-ligand combinations had to be
collapsed for the 3-group and 2-group models, we additionally
analyzed the impact of all possible combinations of the com-
pound KIR-expression level (high, low, or null) and its cognate
compound ligand (Bw4-I, Bw4-T, and Bwé). Compared with the
group for which the strongest inhibition of NK alloreactivity and
thus the highest incidence of relapse was predicted by the
model (ie, patients who expose the strong ligand Bw4-| with
donors who have highly expressed KIR3DL1), we did not find
any subgroup with a lower incidence of relapse (supplemental
Figure 1, available on the Blood Web site).

Impact of KIR2DS1/C1C2 epitope combinations

We next analyzed the impact of donor KIR2DS1 and C1/C2
epitope combinations. Venstrom et al'® reported in the New
England Journal of Medicine in 2012 that patients with KIR2DS1-
positive donors with at least one C1-ligand had a lower risk of

1390 € blood® 16 APRIL 2020 | VOLUME 135, NUMBER 16

relapse (HR, 0.71; P = .009) compared with patients with only
C2-ligands or KIR2DS1-negative donors. In multivariable anal-
ysis, however, we found no significant impact of activating vs
nonactivating KIR2DS1 on the risk of relapse (HR, 0.97; 95% ClI,
0.81-1.17; P = .8) or overall survival (HR, 1.05; 95% Cl, 0.91-1.21;
P = .5). Results for further comparisons integrating information
on donor KIR2DS1 absence or presence are shown in Table 2.

In line with the idea that NK-mediated alloreactivity can be
enhanced by selecting KIR2DS1-activating receptor-ligand
combinations, additional subgroup analyses were performed:
KIR2DS1-positive NK cells acquire tolerance in individuals ho-
mozygous for C2.2¢ Furthermore, patients homozygous for C1
cannot benefit from KIR2DS1-positive donors because their
tumor cells do not express the activating ligand for KIR2DS1. We
thus hypothesized that the impact of donor KIR2DS1 positivity
would be most pronounced in C1/C2 patients. However,
as shown in Figure 2 (also in 1061 C1/C2-positive patients),
KIR2DS1 presence did not have a significant impact on the risk
of relapse (HR, 0.91; 95% Cl, 0.70-1.18; P = .49) or on mortality
(HR, 0.99; 95% Cl, 0.81-1.21; P = .94).

Combined classifier based on donor KIR3DL1/
HLA-B subtypes and KIR2DS1/C1C2 epitopes
Finally, we combined information on activating or nonactivating
KIR2DS1 combinations based on the patients’ C2-ligand status
and the corresponding donors’ genotype status and informa-
tion on strong inhibiting, weak inhibiting, and noninhibiting
KIR3DL1/HLA-B subtype pairs according to Boudreau et al.””
This model predicts KIR2DS1-activating/KIR3DL1 weak/non-
inhibiting pairs to have the lowest risk of relapse and KIR2DS1-
nonactivating/KIR3DL1 strong inhibiting pairs to have the
highest risk of relapse, and the 2 remaining groups to have
results in-between. The distribution of donor-recipient pairs
among the respective KIR receptor-ligand groups is shown in
Table 2. In the current study, the cumulative incidences of

SCHETELIG et al
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Table 2. Impact of donor KIR genotype and corresponding patients’ ligands on relapse incidence and mortality

Classifier

Relapse incidence

Mortality

HR (95% CI) P HR (95% CI)

KIR3DL1/HLA-B subtype combinations
Strong inhibiting KIR3DL1 574 26.0 1 1
Weak inhibiting KIR3DL1 561 25.5 0.95 (0.75-1.21) 7 0.87 (0.73-1.05) .
Noninhibiting KIR3DL1 1069 48.5 1.11 (0.90-1.36) . 0.98 (0.84-1.14) 7
Strong inhibiting KIR3DL1 574 26.0 1 1
Weak/noninhibiting KIR3DL1 1630 74.0 1.05 (0.87-1.28) .6 0.94 (0.82-1.09) 4
KIR2DS1/C1C2 epitope combinations
KIR2DS1 absent 1403 63.1 1 1
KIR2DS1 present and C1* 699 31.5 0.97 (0.81-1.17) .8 1.05 (0.91-1.21) 5
KIR2DS1 present and C2/C2 120 5.4 1.02 (0.70-1.48) .9 1.13 (0.85-1.50) 4
KIR2DS1 absent and/or C2/C2 1523 68.5 1 1
KIR2DS1 present and C1* 699 31.5 0.97 (0.81-1.17) 8 1.04 (0.91-1.19) 6
Combined classifier based on donor KIR3DL1/
HLA-B subtypes and KIR2DS1/C1C2
epitopes
Strong inhibiting KIR3DL1 432 19.6 1 1
KIR2DS1 absent or C2/C2
Strong inhibiting KIR3DL1 142 6.4 1.18 (0.80-1.75) 4 1.47 (1.13-1.91) .005
KIR2DS1 present and C1*
Weak/noninhibiting KIR3DL1 1081 49.0 1.13 (0.90-1.41) 3 1.07 (0.90-1.27) 55
KIR2DS1 absent or C2/C2
Weak/noninhibiting KIR3DL1 549 24.9 1.04 (0.80-1.34) .8 0.99 (0.81-1.21) 9
KIR2DS1 present and C1*
Impact of absence/presence of donor KIR3DS1
KIR3DS1 absent 1407 63.3 1 1
KIR3DS1 present 815 36.7 0.94 (0.79-1.12) 5 1.03 (0.90-1.17) 7
KIR3DS1 absent 1407 63.5 1 1
One copy of KIR3DS1 709 320 0.91 (0.76-1.09) 3 1.02 (0.88-1.17) .8
Two copies of KIR3DS1 100 4.5 1.18 (0.82-1.71) 4 1.10 (0.81-1.48) 5

Patients were classified according to the algorithms published by Boudreau et al'? in 2017, Venstrom et al'®in 2012, and Venstrom et al®" in 2010. Numbers of patients, grouped according to
their donors’ KIR genotype, do not always add up to 100% because very few patients could not be classified according to the respective algorithm due to ambiguities. HRs were calculated in
multivariable Cox regression models adjusted for patient age, donor age, disease risk index, Karnofsky performance status, sex match, CMV match, HLA match, conditioning intensity, T-cell

depletion, and stem cell source.

relapse of the 4 groups were almost superimposable (P = .66)
(Figure 3A). Although we observed a significantly different overall
survival between the 4 groups (log-rank test, P < .001), with the
small group of KIR2DS1-activating/KIR3DL1 strong inhibiting
pairs having the worst outcome (Figure 3B), this difference in
overall survival was caused by higher nonrelapse mortality
(Figure 3C), which was not predicted by the model. Information
taken from multivariable Cox regression modeling to account for
potential covariable imbalances (Table 2; supplemental Table 1)
did not change the pattern of results. To explore the reason for
the difference in overall survival, we performed analyses on two
additional endpoints, incidence of acute GVHD grades Il to IV
and GVHD-free/relapse-free survival (supplemental Table 2).
These exploratory analyses revealed no impact of donor KIR
genotype—based classifications on the risk of GVHD.

Impact of absence/presence of donor KIR3DS1
Finally, we analyzed the potential impact of KIR3DS1 presence
on the risk of relapse and death after transplantation. Cumulative

VALIDATION STUDY FOR KIR-INFORMED DONOR SELECTION

incidences of relapse, nonrelapse mortality, and overall survival
were not different when outcomes were compared between
patients with KIR3DS1-positive or KIR3DS1-negative donors
(Table 2; supplemental Figure 2). Furthermore, no difference for
the incidence of acute GVHD grade Il to IV with onset up to day
+100 post-HCT was found for the comparison of KIR3DS1
absence vs presence (supplemental Table 2). In contrast to what
has been reported before, we found a slightly higher incidence
of acute GVHD grades Il to IV within 100 days after HCT among
patients having a donor with 2 KIR3DS1 genes compared with
patients with KIR3DS1-negative donors (34% vs 29%; P = .3).

Subgroup analyses

We performed exploratory subgroup analyses in patients char-
acterized according to features similar to the original population
analyzed by Venstrom et al'® and Boudreau etal.'” Thus, subgroup
analyses were performed for young patients, patients with AML,
patients who had received total body irradiation, patients who
had received myeloablative conditioning regimens, patients
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Figure 2. Impact of donor KIR2DS1 in C1-positive patients. This figure shows the cumulative incidences of relapse (left panels) and overall survival (right panels) of patients
grouped according to their donors’ KIR2DS1-status (absence vs presence) and according to the patients’ C1/C2-ligand status. The upper panels show outcomes of C1-positive
patients (ie, C1/C2 or C1/C1 patients). The lower panels show outcomes of C1/C2-positive patients only. This subgroup of patients whose leukemia cells express C2, the
activating ligand for KIR2DS1, should have the greatest benefit of KIR2DS1-positive donors. Patients were classified according to the algorithm published by Venstrom et al'® in
2012. The HRs were calculated in multivariable Cox regression models adjusted for patient age, donor age, disease risk index, Karnofsky performance status, sex match,
cytomegalovirus match, HLA match, conditioning intensity, T-cell depletion, and stem cell source. The P values represent the Wald tests.

who had not received in vivo or ex vivo T-cell depletion, and
patients with 10/10 HLA-matched donors as well as patients with
partially matched donors (supplemental Table 3). We also
analyzed the largest homogeneous subgroup of patients
(N = 1067) who received PBSC from HLA 10/10 matched unrelated
donors after reduced-intensity conditioning and ATG as GVHD
prophylaxis. Patients aged <50 years exhibited the predicted
pattern of results; that s, a lower risk of relapse (HR, 0.71; 95% ClI,
0.48-1.04) translating into a lower risk of mortality (HR, 0.76; 95%
Cl, 0.54-1.08) for patients whose donors had activating KIR2DS1.
However, for different KIR3DL1/HLA-B subtype combinations,
the predicted outcome pattern in this subgroup was not ob-
served. In no other subpopulation was the predicted pattern of
results observed.

Discussion

This large retrospective study failed to replicate findings from
2 important studies that were aimed at identifying donors who
could reduce the risk of relapse based on their KIR2DS1 and
KIR3DL1 genotypes.’'? In accordance with the original publica-
tions, we grouped donors according to their KIR3DL1 allele-Bw4
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epitope combinations, following the idea that lower average
expression of KIR3DL1 and lower binding affinity translate into
less inhibition and lead to less relapse. However, we did not
observe the expected outcomes in terms of relapse and overall
survival (Figure 3). Furthermore, we could not find the predicted
impact of KIR2DS1-positive donors whose 2DS1-positive
NK cells were not muted in the context of a C2/C2 HLA-C
background.'®2¢ This was also true for the subgroup of C1/C2
heterozygous patients whose leukemic cells express the acti-
vating ligand for KIR2DS1.

The study missed the target power of 80% to detect the as-
sumed effect on mortality after allogeneic HCT for patients with
noninhibiting/weak inhibitory donor KIR3DL1/HLA-B subtype
combinations vs strong inhibiting donor KIR3DL1/HLA-B sub-
type combinations due to a lower number of events than
expected. However, the patient number was ~1.7-fold greater
than that of the original studies, and the post hoc power was
65%. Furthermore, the relapse pattern (Figure 3) did not in-
dicate that the study failed due to a lack of power. In turn, the
strength of this study lies in its rigorous statistical approach to
validate a prespecified hypothesis in an independent cohort.
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Figure 3. Impact of donor KIR2DS1 and KIR3DL1 combinations on relapse incidence, overall survival, and nonrelapse mortality. The graphs show the outcome of patients
who were grouped according to their donors’ KIR2DST status (activating vs nonactivating) and KIR3DL1/HLA-B subtype combinations (strong inhibiting vs noninhibiting/weak
inhibitory) in terms of relapse incidence, overall survival, and nonrelapse mortality. Patients were classified according to the algorithm published by Boudreau et al.’ The Pvalues

represent the score tests of univariate Cox regression models.

Its failure teaches once more about the need for external
validation studies.?’28

One hypothesis for the failed validation of the reported findings
is that the patient characteristics and transplant procedures
of the study cohorts were different (supplemental Table 4). The
current study used German data from a contemporary cohort of
patients who received their first HLA-compatible unrelated
donor transplant for AML or MDS. Key characteristics of the
transplant procedure in our cohort comprised chemotherapy-
based, reduced-intensity conditioning, PBSC grafts, and ATG-
based GVHD prophylaxis for the majority of patients in contrast
to the original study, for which the impact of donor KIR3DL1/
KIR2DS1 had been reported: patients were almost 20 years
younger and had received total body irradiation-based mye-
loablative conditioning, no ATG for GVHD prophylaxis, and
bone marrow as the graft source.’®'? Because our cohort was
almost twice as large compared with the original cohort, we
performed exploratory subgroup analyses for patients with AML,
younger patients, total body irradiation-based conditioning,
myeloablative conditioning, GVHD prophylaxis without T-cell
depletion, those with 10/10 HLA-matched donors, and those

VALIDATION STUDY FOR KIR-INFORMED DONOR SELECTION

with partially matched donors to mirror the characteristics of the
original patient cohort. None of these subgroups showed the
predicted pattern of results, except for patients aged <50 years,
who exhibited the predicted pattern for activating KIR2DS1 but
not for the donor KIR3DL1/HLA-B subtype combinations (sup-
plemental Table 2). Because this subgroup analysis was not
prespecified, and multiple subgroup analyses were performed,
this incidental finding should be interpreted with great caution.
Due to the low number of patients who had received bone
marrow grafts in our study, we were not able to investigate the
model in this subgroup. However, bone marrow grafts contain
far lower numbers of NK cells than PBSC grafts, and no functional
or clinical data exist that link special features of the NK repertoire
of the bone marrow to NK-mediated alloreactivity or clinical
outcomes.??3° To summarize, we were not able to link the
predicted impact of donor KIR3DL1/KIR2DS1 information to a
certain procedure or patient selection. Due to the lack of in-
dependent validation studies for the reported effect, the hy-
pothesis that the predicted impact can only be observed under
conditions for the transplant procedure which trigger NK cell
alloreactivity via KIR3DL1/KIR2DS1 can neither be supported
nor ruled out. Finally, we did not observe a reduced incidence of
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acute GVHD in patients whose donors were KIR3DS1 positive
(supplemental Figure 2), as was reported by Venstrom et al*'
in 2010.

Extensive research on NK immunity has been conducted in
chronic viral infections such as HIV or hepatitis C virus. Among
sexual partners with one HIV-infected individual, KIR/KIR-ligand
combinations that were compatible with the missing-self hy-
pothesis affected the risk of virus transmission.’® Furthermore,
protective KIR/KIR-ligand combinations were associated with a
lower risk of HIV infection among sex workers.3> Moreover,
distinct allelic combinations of the KIR3DL1 and HLA-B loci
significantly and strongly influenced both AIDS progression and
plasma HIV RNA abundance and spontaneous clearance of
HCV.143 This justifies further scrutiny for an impact of KIR/
KIR-ligand combinations also on tumor immunology and in the
setting of allogeneic HCT. In contrast to changes introduced by
viruses, however, loss or downregulation of HLA class | ex-
pression at the allelic level is infrequent on leukemic blasts at the
time of diagnosis.”" Moreover, recent studies by independent
groups suggest that tumor cells more often evade immune
responses by downregulation of HLA class Il expression, which
might not trigger NK-cell activation.343> Further limitation for
drawing parallels between KIR-mediated NK activity against
virus-infected cells and tumor cells comes from the fact that viral
peptides presented by HLA class | molecules may specifically
alter the KIR/KIR-ligand binding.?¢37 A strong peptide de-
pendence of the KIR/KIR-ligand binding will make it very hard to
predict KIR-mediated immune responses by donor cells.

Promising next steps comprise: (1) testing alternative hypothesis
building on other KIR/KIR-ligand combinations or haplotype-
based comparisons®; and (2) engaging in intergroup collabo-
rations to settle the question of whether KIR-informed donor
selection may improve outcome after allogeneic HCT. Follow-up
studies with this goal are underway. Additional research should
be conducted to understand the probable different contribution
to NK-mediated alloreactivity of transfused mature NK cells vs of
de novo produced NK cells that have matured and became
educated in the host environment."3

In conclusion, this study shows that a donor selection model
based on KIR2DS1/KIR3DL1 donor information does not uni-
versally predict relapse and mortality of patients with AML after
matched unrelated donor HCT. Further research is warranted, to
prove or disprove the impact of genetic markers, which promises
to predict NK-mediated alloreactivity.
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