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Abstract

Purpose: In acute myeloid leukemia (AML), alloreactive nat-

ural killer (NK) cells are crucial mediators of immune responses

after haploidentical stem cell transplantation. Allogeneic NK cell

infusions have been adoptively transferred with promising clin-

ical results. We aimed at determining whether the composition of

NK graft in terms of frequency of alloreactive NK cells influence

the clinical response in a group of elderly AML patients under-

going NK immunotherapy.

Experimental Design: Seventeen AML patients, in first com-

plete remission (CR; median age 64 years, range 53–73) received

NK cells from haploidentical KIR-ligand–mismatched donors

after fludarabine/cyclophosphamide chemotherapy, followed by

IL2. To correlate donor NK cell activity with clinical response,

donor NK cells were assessed before and after infusion.

Results: Toxicity was moderate, although 1 patient died

due to bacterial pneumonia and was censored for clinical

follow-up. With a median follow-up of 22.5 months (range,

6–68 months), 9 of 16 evaluable patients (0.56) are alive

disease-free, whereas 7 of 16 (0.44) relapsed with a median

time to relapse of 9 months (range, 3–51 months). All patients

treated with molecular disease achieved molecular CR. A sig-

nificantly higher number of donor alloreactive NK cell clones

was observed in responders over nonresponders. The infusion

of higher number of alloreactive NK cells was associated

with prolonged disease-free survival (0.81 vs. 0.14, respectively;

P ¼ 0.03).

Conclusions: Infusion of purified NK cells is feasible in elderly

AML patients as post-CR consolidation strategy. The clinical

efficacy of adoptively transferred haploidentical NK cells may

be improved by infusing high numbers of alloreactive NK cells.

Clin Cancer Res; 22(8); 1914–21. �2016 AACR.

See related commentary by Muntasell and L�opez-Botet, p. 1831

Introduction

Treatment of acutemyeloid leukemia (AML) in adult patients is

based on intensive chemotherapy, followed by allogeneic stem

cell transplantation (SCT) in selected cases. Complete remission

(CR) rates following chemotherapy in this patient population

range from 60% to 85% in patients younger than 60 years,

although 5 year-overall survival (OS) rates average 40%, mainly

still due to high rate of subsequent relapse. In elderly patients, OS

falls to 10%, due to the higher prevalence of high-risk biologic

factors, such as poor prognosis cytogenetics and underlying

comorbidities (1).

Many advances in the use of broad-spectrumchemotherapeutic

regimens and targeted therapy have improved the CR rate in

elderly AML patients (2). However, a significant number of

patients who achieve CR after induction/consolidation chemo-

therapy still harbor a minimal residual disease (MRD), which is

often resistant to further chemotherapeutic treatments and even-

tually leads to relapse anddisease progression. These data indicate

the importance of preventing relapse by addressing MRD with

novel strategies other than chemotherapy. Among these, immu-

nologic therapies, which have mechanism(s) of action different

than cytotoxic drugs, are a promising strategywith the potential to

significantly impact on MRD eradication.

Natural killer (NK) cells, which are defined by CD56 or

CD16 expression and absence of CD3 (3), have been shown
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to play a role in immune control of tumor development and

growth (4). NK cells express activating and, more importantly,

inhibitory receptors which recognize MHC class I alleles,

termed "Killer cell Immunoglobulin-like Receptors" (KIRs)

(5–7). In the transplantation setting, preclinical and clinical

data from haploidentical T-cell–depleted SCT have demonstrat-

ed that alloreactive KIR-Ligand (L)–mismatched NK cells play a

major role as antileukemia effector cells and protect AML

patients against leukemia relapse (8–12). The data from allo-

geneic unrelated T-cell–replete SCT are more controversial and

important differences among the studies have been reported

with regard to the impact of KIR-L mismatching on clinical

outcome (13–18). Outside the transplant setting, Miller and

colleagues. first reported the safety and feasibility of adoptive

immunotherapy with haploidentical NK cells in cancer

patients, including AML (19). In particular, 19 poor risk AML

patients with active disease received enriched NK cells. Five of

19 patients achieved CR after NK cell immunotherapy, which

was well tolerated by patients. Rubnitz and colleagues reported

their experience with haploidentical NK cell infusion in a

cohort of 10 childhood AML patients. In this pediatric cohort,

the 2-year event-free survival was 100% (20). Our group has

published the results of a similar phase I study of adoptive

immunotherapy with highly purified from KIR-L–mismatched,

haploidentical donors in adult high-risk AML patients, mostly

with relapsed or resistant disease (21). No NK cell–related

toxicity, including graft-versus-host disease (GVHD), was

observed. Importantly, donor-versus-recipient alloreactive NK

cells were demonstrated in vivo by the detection of donor-

derived NK clones and adoptively transferred NK cells were

alloreactive against recipient's leukemic cells (15). The current

study extends our previous investigation by reporting biologic

and clinical results of NK cell infusion from haploidentical KIR-

L–mismatched donors in elderly AML patients, who had

achieved CR after induction/consolidation chemotherapy. Our

results indicate that the size of alloreactive donor NK cell

repertoire is correlated with reduced relapse rate after NK cell

immunotherapy.

Patients and Methods

This prospective clinical trial was approved by the local Ethics

Committee.Written informed consentwasobtainedbefore donor

and patient enrollment. The trial was registered at www.clinical-

trial.gov. (NCT00799799).

Inclusion and exclusion criteria

The trial was first designed for refractory/resistant patients as a

phase I feasibility/safety study 21) and subsequently amended to

include patients in first CR. In particular, adult (age � 18 years)

patients with AML in morphologic or better CR after induction/

consolidation chemotherapy, who were not eligible for SCT and

had an haploidentical KIR-L–mismatched donor, were included

in the study. Donors and patients with active and uncontrolled

infections, abnormal renal (serum creatinine > 2 mg/dL), pul-

monary (SatO2�96%), andhepatic (ALT/AST>2.5 xN) function

and poor Karnofsky performance score (<70) were excluded.

SeventeenpatientswhohadachievedCRafter twoor three courses

of chemotherapy were enrolled.

Donor selection and NK cell purification

Relatives were screened in the search for one haploidentical

KIR-L–mismatched donor. HLA typing of recipient and donor(s)

tested class I alleles belonging to the three class I groups recog-

nized by KIRs (HLA-C group 1, HLA-C group 2, and HLA-Bw4

alleles) was performed as described previously (21). Briefly, HLA

typing of recipient and donor(s) tested class I alleles belonging to

the three class I groups recognized by KIRs (HLA-C group 1, HLA-

C group 2, andHLA-Bw4 alleles). InNK alloreactive donors, HLA-

C and HLA-B typing showed KIR ligand mismatches in the graft-

versus-host (GVH) direction, that is, the recipient did not possess

either one HLA-C allele group (C1 or C2) or the HLA-Bw4 group

which were present in the donor, or both. The presence of

inhibitory KIR gene and functional protein was confirmed by

molecular genotyping, and FACS and functional analyses were

performed (see below).

KIR-L mismatch of infused patients is reported in Table 1.

Donors underwent mononuclear cell collection, which was then

processed by NK-cell separation CliniMACS system (CliniMACS,

Miltenyi Biotec). A cell product sample was evaluated by flow

cytometry to count T, B, NK cells, andmonocytes before and after

CliniMACS selection. Cytotoxicity was tested against NK-sensitive

K562 cells. Nonmanipulated highly purified CD56þCD3� NK

cells were cryopreserved.

Treatment

To favor haploidentical NK cell engraftment, all patients

received immunosuppressive chemotherapy, [fludarabine 25

mg/mq/ from day 7 to 3 and cyclophosphamide 4 g/mq on day

2 (fludarabine/cyclophosphamide)]. Two days after cyclophos-

phamide administration, patients received the NK cell infusion

(day 0), which was followed by subcutaneous administration of

IL2 (10 � 106 IU/day, 3 times weekly; Novartis) for 2 weeks (6

doses total). No GVHD prophylaxis was used. Following our

institutional guidelines for AML, granulocyte colony-stimulating

factor (G-CSF, filgrastim) was not routinely used, albeit in case of

neutropenic infections accordingly to clinical decision. We con-

sidered those patients as responders who maintained CR for at

least 6 months after NK cell infusion.

End points

Primary endpoints were: donor/patient safety; the feasibility of

the selection and reinfusion of 5� 106 haploidentical NK cells/kg

of body weight (target cell dose) in at least 40% of adult patients

with AML entering the study, and the feasibility of the reinfusion

of the minimum accepted cell dose (1 � 106 haploidentical NK

cells/Kg) in all patients enrolled into the protocol. Secondary

Translational Relevance

In acutemyeloid leukemia (AML), alloreactive natural killer

(NK) cells are crucial mediators of immune responses after

haploidentical stem cell transplantation. Allogeneic NK cell

infusions have been adoptively transferred with promising

clinical results. The current study extends our previous inves-

tigation by reporting biologic and clinical results of NK cell

infusion from haploidentical KIR-L–mismatched donors in

elderly AML patients, who had achieved CR after induction/

consolidation chemotherapy. Our results indicate that the size

of alloreactive donor NK cell repertoire is correlated with a

reduced relapse rate after NK cell immunotherapy.
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endpoints included disease-free survival (DFS) of AML patients

infused with haploidentical NK cells and, biologically, the cor-

relation between donor alloreactive NK repertoires and DFS.

NK cell KIR phenotyping, chimerism, cell cloning, and

functional assays

NK cell KIR phenotyping, chimerism, cell cloning, and func-

tional assays were performed on days 3, 9, 12, 18, and 20 after NK

cell infusion, as described previously (22). Donor and patient

alloreactiveNK cell repertoires were assessed after generating large

numbers of NK clones by limiting dilution (21). Briefly, donor

alloreactive NK cell repertoires were assessed once at the time of

leukapheresis. Patient NK cell repertoires were assessed at days

þ3,þ9,þ12,þ18, andþ20 after NK cell infusion. Large numbers

ofNK cloneswere generated by limiting dilution fromdonors and

patients after infusions and tested in cytotoxicity assays against

K562 to select functional clones and then, against patient cryo-

preserved PHAblasts. As negative control, theywere tested against

autologous donor PHA blasts. In one case, we also tested donor

and postinfusion NK cell clones against the patient's leukemia

cells.

Peripheral blood mononuclear cells (PBMC) depleted of T

cells by negative anti-CD3 immunomagnetic selection (Milte-

nyi Biotec) were plated under limiting-dilution conditions,

activated with phytohemagglutinin (PHA; Biochrom KG), and

cultured with IL2 (Chiron BV) and irradiated feeder cells.

Feeder cells were obtained by pooling buffy coats from 5 to

9 healthy donors. Cloning efficiencies ranged from 1 in 5 to 1 in

10 plated NK cells. Clones were assessed against K562 to assess

function. Approximately 100 NK clones that killed K562 from

each patient and donor were screened for alloreactivity by

standard 51Cr-release cytotoxicity at an effector-to-target ratio

of 10:1 against patient KIR ligand–mismatched PHA lympho-

blasts, autologous donor PHA blasts, and leukemic cells from

one recipient. Clones exhibiting greater than 30% lysis were

scored as alloreactive. Peripheral blood and bone marrow

chimerism was determined by variable number tandem repeat

(VNTR) assay (23).

Statistical considerations

This is a prospective, monocentric, phase I study. To expose

the minimum number of patients to the risk of an ineffective

therapy, we planned a two-step study according to Gehan. We

define the minimum desired efficacy (MDE) as the lowest

proportion of successes under which the treatment is stopped.

Success was defined as the infusion of the target cell dose of

haploidentical NK cells (i.e., 5 � 106/kg). The MDE is 40%, with

a: 0.05 two sided and 1-b: 80%. Time of neutrophil engraft-

ment was considered the first of 3 successive days with an

absolute neutrophil count (ANC) � 500/mL post-NK infusion

nadir. Time of platelet engraftment was considered the first of 3

consecutive days with platelet count � 20,000/mL, in the

absence of platelet transfusions. OS and DFS were estimated

using the Kaplan–Meier method followed by the Mantel–Cox

log-rank test. OS was defined as time from infusion to death

resulting from any cause, and surviving patients were censored

at the last follow-up. DFS from infusion was calculated using

death and disease relapse/progression as events. Mean � SD of

donor NK cell alloreactive clones was analyzed by Student t test.

Comparisons of donor NK profiles between pre- and postinfu-

sion samples were made using a Wilcoxon signed rank test. The

relationship of number of infused NK cells and donor allor-

eactive NK cell clone number and relapse status was examined

using logistic regression. Optimal NK cell criterion cut-off

values were defined using the Youden Index. Two-sided statis-

tical tests were used for all reported P values. The results are

presented as median values and ranges or, when indicated, as

mean� SD. All analysis was performed using Stata version 13.1

(StataCorp) and MedCalc Statistical Software version 13.3

(MedCalc Software).

Results

Patients

Clinical characteristics of study patients at diagnosis are

reported in Table 1. The median age was 64 (range 53–73).

In addition to older age, 5 patients had a leukocyte counts

over 30 � 109/L; 3 showed leukemic evolution from previous

Table 1. Demographic, hematologic, and graft features of enrolled AML patients

UPN Age Sex

WBC

(109/L) Karyotype Genotype FAB

HLA Typing

(mismatch)

DonorKIR-L

(mismatch)

Disease status

at NK infusion

Infused NK

Cells (� 106/K)

1 63 M 7.3 complex CBFMYH11 M4 -Bw4 3DL1 CR 3.10

2 72 F 1.17 þ4 þ8 FLT3 WT M1 -C group 2 2DL1 CR 4.14

3 70 F 58.6 46 XX FLT3 WT M5 -Bw4 3DL1 CR 3.28

4 72 M 3.0 46 XY FLT3 WT NPM WT NE -C group 1 2DL2/3 CR 5.53

5 68 F 59.0 46 XX FLT3 ITD NPM WT NE -C group 1 2DL2 CR 5.00

6 59 F 4.32 46 XX FLT3 WT NPM WT M1 -C group 2 2DL1 CR 4.00

7 73 M 75.0 46 XY FLT3 TKD M5 -C group 1-Bw4 2DL2/3 3DL1 CR 4.75

8 58 M 74.8 46 XY FLT3 WT NPM WT M4 -Bw4 3DL1 CR 1.81

9 64 M 25.0 46 XY FLT3 WT NPM WT M1 -C group 1 2DL2/3 CR 2.05

10 53 F 4.1 46 XX þ8 -7 NE M1 -C group 1-Bw4 2DL2 Molecular Relapse 3.89

11 67 M 2.7 NE FLT3 WT NPM WT M0 -C group 1 2DL2 CR 2.74

12 61 M 2.9 46 XX FLT3 WT NPM WT sec -C group 1 2DL2/3 CR 2.,51

13 58 F 5.8 inv(16) CBFMYH11 NE -C group 2 2DL1 Molecular relapse 1.29

14 61 M 2.5 del(12) FLT3 WT NPM WT sec -C group 2 2DL1 CR 5.00

15 62 F 1.27 t(11) FLT3 WT NPM WT M1 -C group 1 2DL2 CR 5.1

16 64 F 27.4 inv(16) CBFMYH11 M4 -C group 2 2DL1 MRDþ 5.00

17 65 M 189.5 46 XY FLT3 WT NPM MUT M0 -C group 2 2DL1 CR 5.00

Abbreviations: CBF, core binding factor; CR, complete remission; FAB, French-American-British; FLT3, FMS-like tyrosine kinase 3; HLA, human leukocyte antigen;

KIR, killer immunoglobulin-like receptor; NE, not evaluated; NK, natural killer; NPM, nucleophosmin; Pt, patient; TKD, tyrosinekinase domain;WBC,white blood count;

WT, wild type.
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myelodysplastic syndrome, 2 had a favorable karyotype, but

showed persistent or relapsing molecular disease, 2 exhibited

high-risk cytogenetics with the remaining 13 exhibiting interme-

diate-risk cytogenetics. As for the molecular profile, the majority

of patients were nucleophosmin 1(NPM1) and Fms-like tyrosine

kinase 3 (FLT-3) wild-type and 2 patients harboredNPM1�FLT3-

ITDþ leukemia. One patient had NPM1þFLT3� leukemia, but

concomitantly showed high-risk hyperleucocytosis at diagnosis.

At the time of NK cell infusion, all patients were in morphologic

CR. Three of them showed MRD positivity, as evaluated by

increasing levels of leukemia-associated (Wilms' tumor 1 gene,

WT1) and leukemia-specific (CBF-MYH11) transcripts.

Toxicity

After administration of fludarabine/cyclophosphamide chemo-

therapyand infusionofhighlypurifiedNKcells, hematopoietic cell

recovery was similar to what is observed after a standard chemo-

therapy cycle (Supplementary Fig. S1). In particular, median times

toANC>0.5�109/L and to>20�109plt/Lwere20.1 (range16.1–

24.0) and 21.6 (range 18.1–25.2) days, respectively. Ten cases of

feverweredocumented;mostwereofunknownorigin (FUO).Four

patients developedbacterial infections,whichwere complicatedby

pneumonia (n¼ 2) and sepsis (n¼ 2).One patient died during the

neutropenic phase due to Escherichia coli pneumonia, while the

remaining patients recovered successfully. No cases of fungal

infections, includingpulmonary aspergillosis, occurred. To shorten

the neutropenic phase, 4 patients with infections received filgras-

tim for a mean of 10 days (range 4–21). No clinical and/or

laboratory signs of GVHD were observed. All patients received all

IL2 injections as scheduled. In some cases, local side effects, such as

mild erythema, were observed at the injection site.

NK cell purification

A median of 19.56 � 106 CD56þCD3� cells/kg (range 3.8–

42.5) was collected from peripheral blood in one single collec-

tion. The total number of collected CD3þ T cells was 1,387.4 �

105/kg (range 580.2–2167.9). Immunomagnetic selection pro-

vided a median of 9.83� 106 CD3�CD56þ cells/kg (range 2.48–

18.61) with a median purity of 95.8% (range 79.7–99.2) and a

median recovery of 54.41% (range 31.82–65.4) for infusion

(Table 1). Positive NK cell selection resulted in a median of

3.11 log T-cell depletion (range 2.15–6.0). After the whole pro-

cedure, the number of CD3þ T cells in the cellular product was

2.32 � 105/kg (range 0.2–12.1). The median number of infused

NK cells/kg was 4.0 � 106 (range 1.29–5.53) and that of infused

CD3þ T cells was 0.65� 105/kg (range 0.1–3.1). NK cell viability

after purification was 95% (range 92–98). Purified NK cells killed

NK-sensitive K562 cells in a flow cytometry–based cytotoxicity

assay (data not shown). No significant differencewas observed on

the capacity of NK cells to kill K562 cells before and after thawing

(data not shown).

Clinical outcome

Seventeen patients were infused with NK cells. The patient who

died during aplasia was considered not evaluable for the assess-

ment of clinical response toNK therapy.With amedian follow-up

of 22.5 months (range, 6–68months), 9 of 16 (0.56) are disease-

free,whereas 7 of 16 (0.44) relapsedwith amedian time to relapse

of 9months (range, 3–51months). Interestingly, 2 of the relapsed

patients, showed a very prolongedCRphase of 24 and 51months,

respectively, in absence of any concomitant antileukemia treat-

ments. The patient who relapsed 51months after NK cell infusion

underwent a second NK cell infusion after CR reinduction. Again,

with a follow-up of 6months, the patientmaintainedCR. Accord-

ing to response criteria (see above), 11 of 16 (69%) patients were

responders, whereas 5 of 16 (31%) were nonresponders. The 3

MRDþ patients at the time of NK infusion (2 with molecular

relapse, 1 with persistent MRDþ leukemia after induction/con-

solidation chemotherapy) achievedmolecular CR, which lasted 9

and 4 months in 2 cases and 8þ months in the third case.

Correlation between clinical outcome and donor NK cell

repertoire

We previously reported that after NK cell infusion donor-

derived cells may be detected in peripheral blood and, in some

cases, in the bone marrow of AML patients with active disease

(21). Similar results were obtained in the current group of

patients, who underwent NK cell infusion after achieving CR. In

particular, of 17 evaluable patients, donor NK cells were detected

in peripheral blood and bone marrow of 11 and 6 patients,

respectively. Donor and donor-derived NK cells were alloreactive

against recipient's cells, including PHA blast and, in one case,

leukemic blasts. As previously reported for patients with active

disease 21), alloreactive NK cell clones were detected, albeit at

different levels, in all patients who were treated in CR. Flow

cytometry analyses of 2 representative alloreactive NK cell clones

are shown in Supplementary Fig. S2.

To determine whether donor NK alloreactivity is associated

with better clinical outcome and response, donor NK cell clones

were assessed in donor peripheral blood and after NK cell infu-

sion. Chimerism analyses performed in randomly selected allor-

eactive NK clones demonstrated they were of donor origin (21).

More alloreactive NK cell clones were found in the donor reper-

toire of responders than in nonresponders (Supplementary Table

S1) and, as expected on day 3 after NK cell infusion, more

alloreactive NK cell clones were found in responders (Fig. 1).
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Figure 1.

Analysis of donor-versus-recipient alloreactive NK cell repertoires. Time

kinetics of alloreactive NK cell clones from 16 evaluable patients according to

clinical response to NK cell infusion. Analysis was performed before and after

NK infusion. After the NK cell infusion, NK cell clones were obtained from NK

cell–infused patients (see Materials and Methods) and their alloreactivity

against recipient PHA blasts was determined in a
51
Cr-release assay. Only

alloreactive clones, exhibiting � 30% specific lysis, were included. Data are

reported as the median of the number of alloreactive NK cell clones for each

patient at the different time points.
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When analyzed by logistic regression, the total number of infused

NK cells was associated with a downward trend in the relapse rate

(P ¼ 0.06) (Fig. 2A) and the percentage of donor-derived allor-

eactive NK cell clones before NK cell infusion correlated signif-

icantly with relapse status (Fig. 2B, P ¼ 0.003). Also, the percent-

age ofNK cell clones obtained fromday 3 after infusion correlated

with the probability of clinical response by logistic regression,

(Supplementary Fig. S3; P ¼ 0.03), although fewer patient data

were available to precisely estimate the odds of response [aROC,

1.93; 95% confidence interval (CI), 0.96–3.87].

To better characterize the absolute size of donor NK cell

repertoire, on the basis of previously reported percentages of

alloreactive NK cell clones, we calculated the absolute number

of infused alloreactive NK cells for each patient. Interestingly, the

absolute number of alloreactive NK cell clones in the responder

group of patients was increased over that in nonresponders (30.1

and 9.6 � 106, respectively) and a statistically significant corre-

lation with the probability to achieve clinical response was

established (Supplementary Fig. S4; P¼ 0.008). At the functional

level in terms of ability to kill target cells, no differences between

clones in the responders and nonresponders were observed. In

particular, all cloneswere fully functional and theydid kill K562 at

the same percentage and entity of lysis (data not shown). The

clinical relevance of the contaminating T-cells was also evaluated.

A slight, but not statistically significant increase in the number of

infused T cells was observed in the responders over nonresponder

patients (0.71 and 0.53 � 105/kg, respectively; P ¼ ns). Accord-

ingly, no correlation was found between the absolute number of

infused T cells and clinical response. A comprehensive description

of cell processing results in both responders and nonresponders is

detailed in Supplementary Table S2.

Identification of a threshold of alloreactive NK cell clones

predictive for clinical response

On the basis of ROC analysis, a threshold of >8 of 100

alloreactive NK clones were identified a group of patients with

reduced relapse risk (aROC 0.97; 95% CI, 0.75–1.0, Fig. 3). To

compare the clinical outcome of NK patients, a control group

(Table 2) of AML patients who achieved CR after induction/

consolidation chemotherapy, but did not undergoNK cell immu-

notherapy due to the absence of an appropriate NK cell donor,

was analyzed. Controls were matched to cases on biologic (i.e.,

age, gender, karyotype, hyperleukocytosis, genotype) and other

features at diagnosis.Despite a trend toward an increase ofDFS for

total NK-treated patients compared with the control group, such

difference was not statistically significant (Fig. 4A). However,

when analyzed up to 48 months after treatment, the NK patients

who receivedmore than 8 of 100 alloreactive NK clones showed a

significantly prolonged relapse-free duration versus NK patients

with � 8 of 100 alloreactive NK clones (mean 43 versus 21.6

months, respectively, P ¼ 0.03; Fig. 4B). Interestingly, DFS of the

latter groupwas similar to the historical control group (mean 20.1

months; Fig. 4B). Compared with historical controls, the estimat-

ed HR for relapse was 1.02 (0.29–3.67) for patients receiving� 8

of 100 alloreactive NK clones, and 0.13 (0.04–0.41) for patients

receiving >8 alloreactive NK clones (P ¼ 0.03). This finding

suggests that the therapeutic effect of the whole procedure, which
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comprises chemotherapy (fludarabine/cyclophosphamide) plus

immunotherapy, may rely on the antileukemia activity of allor-

eactive NK cells. The greater antileukemia effect in patients receiv-

ing more donor alloreactive NK cells was not associated with

increasedmyelosuppression, as hematologic recovery was similar

whether patients received �8 of 100 or >8 of 100 alloreactive NK

clones (Fig. 5; P ¼ ns). Taken together, these data support the

positive correlation between the alloreactive potential of donor

NK cells in the graft and the clinical response to NK therapy.

Discussion

The current study reports the clinical and the correlative bio-

logic results of KIR-L–mismatched NK cell adoptive immuno-

therapy in elderly AML patients in CR. The purpose of the study

was to determine whether the composition of NK graft in terms of

frequency of alloreactive NK cells influenced clinical response to

NK immunotherapy. Miller and colleagues were the first to infuse

NK cells as ameans of adoptive immunotherapy in adult relapsed

or resistant AML patients (19). The biologic and clinical results of

this pioneering trial were remarkable. In particular, a retrospective

analysis of responders versus nonresponders revealed that a better

responsewas associatedwith KIR-Lmismatch between donor and

recipient. Given that KIR-L incompatibility in the setting of

haploSCT is the major factor influencing NK cell–mediated dis-

ease control through NK cell alloreactivity, these results suggest

that donor alloreactivity may impact on the efficacy of adoptively

transferred NK cells. Moreover, at the clinical level, these data

offered the rationale to exploit alloreactiveNK-cell based adoptive

immunotherapy as a means of consolidation therapy to prevent

disease relapse in adult AMLpatientswhoachievedCR. Toaddress

these biologic and clinical points, the ideal setting is that of elderly

AML patients with poor prognosis, whose OS is particularly

dismal and who are mostly not eligible to allogeneic SCT (1).

Several biologic factors, both of recipient and donor origin,

may be implicated in the therapeutic effect of NK cells after

infusion intoAMLpatients.Miller and collaborators have recently

reported about the critical impact of some components of the

recipient immune response on the antileukemia activity of

infused NK cells. In particular, they reported that NK cell expan-

sion correlates with the postchemotherapy serum concentrations

of some cytokines, such as IL15 and IL35. In particular, the

number of circulating T regulatory cells (Tregs) after NK cell

infusion critically influences the capacity of infused NK cells to

expand and to kill AML cells (24). The clinical relevance of these

findings is supported by a better DFS in patients undergoing NK

Table 2. Clinical and biologic characteristics of historical control group

UPN Age Sex WBC (109/L) Karyotype Genotype FAB

1 64 M 2,23 Complex FLT3 WT, NPM WT M1

2 64 M 0,6 46 XY FLT3 WT M1

3 66 M 165 49, XY FLT3 WT, NPM WT M4

4 67 F 1,6 46,XX FLT3 WT, NPM WT Secondary

5 71 F 38 46,XX FLT3 WT, NPM WT M4

6 62 M 2,08 46 XY FLT3 WT, NPM WT M0

7 60 F 5,6 Complex AML-ETO Secondary

8 64 F 34,7 Complex FLT3 ITD, NPM MUT M1

9 65 F 96,4 46,XX NE Sec

10 62 F 13,3 t(4) FLT3 WT, NPM WT Secondary

11 67 F 71,7 46,XX FLT3 WT, NPM MUT M2

12 70 F 3,8 del5q FLT3 WT, NPM WT M1

13 70 M 9,7 46 XY FLT3 ITD, NPM MUT M4

14 63 M 8 46 XY FLT3 WT, NPM WT M1

15 71 F 0,6 46,XX FLT3 WT M1

Abbreviations: CBF, core binding factor; CR, complete remission; FAB, French-American-British; FLT3, FMS-like tyrosine kinase 3; HLA, human leukocyte antigen;

KIR, killer immunoglobulin-like receptor; NE, not evaluated; NK, natural killer; NPM, nucleophosmin; Pt, patient; TKD, tyrosinekinase domain;WBC,white blood count;

WT, wild type.
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immunotherapy depleted of Tregs. On the basis of these data, we

retrospectively analyzed the number of circulating Tregs at differ-

ent time points after NK cell infusion in 5 over 16 evaluable

patients. With the limitation of the low number of cases, the

frequency of Tregswas below the threshold indicated byMiller and

colleagues as predictive of different clinical response to NK

immunotherapy (data not shown). Then, our analysis has been

focused on the donor and, in particular. on the composition of

donor NK cell population. Our findings demonstrate that the

functional composition of donor NK cell population has a crucial

role in determining antileukemia effects. In particular, the num-

ber of donor alloreactive NK cells may discriminate patients

undergoing NK immunotherapy in two groups with significantly

different clinical outcome. However, our data, referring to a study

population of previously selected KIR-L–mismatched donor–

recipient pairs, pointed out that in the setting of adoptive NK

immunotherapy, only KIR-L mismatch between recipient and

donor may not be enough to translate into a significant clinical

benefit. Indeed, a group of KIR-L–mismatched NK patients had

the same clinical outcomeas ahistorical control group, not treated

with NK cells. As no other evaluated factors than the frequency of

donor alloreactive NK cells might explain such a different out-

come, the main message of our study is that the frequency of

alloreactive NK cell clones in the donor may have a crucial effect

on the antileukemia potential of infused NK cells. These data are

in line with previous reports in themousemodel, where escalated

doses of human alloreactiveNK cells are associatedwith increased

antileukemia effect, leading to leukemia eradication (9). How-

ever, a better definition of the cell composition of NK cell product

in terms of NK cell subsets together with a more extensive

phenotypical and functional characterization of infused cells may

be useful in the identification of other relevant parameters to be

correlated with clinical response.

Clinically, albeit with the limitations due to the low number of

patients, our results expand the field by demonstrating that the

whole procedure is feasible in a population of over 60-year old

AML patients. As already reported 21), NK cells engrafted and

were detectable both in the peripheral blood and in the bone

marrow of infused patients. Noteworthy, no signs of GvHD were

registered. Hematologic toxicity was tolerable, although bone

marrow aplasia was complicated in some cases by infections,

including one death due to bacterial pneumonia. Although

hematologic recovery was not significantly different from what

was observed after conventional chemotherapy, these adverse

effects suggest the need to carefully evaluate the eligibility to NK

therapy, which should be proposed only to chemotherapy-fit

patients. Our results suggest that NK cell–based therapy has a

potential clinical benefit for elderly patients with poor prognosis

AML. Indeed, with amedian follow-up of 22.5months (range, 6–

68 months), 9 of 16 evaluable patients are disease-free. Interest-

ingly, among 8 relapsed patients, 2 of them showed a very

prolonged CR phase, without concomitant treatments. The dis-

appearance of the leukemia-associated transcript in molecular

MRDþ patients suggests that immunosuppressive chemotherapy

followed by NK cells exerted an antileukemic effect. In particular,

the positive correlation between the frequency of donor allor-

eactive NK cell repertoires and the clinical outcome strongly

indicates the therapeutic effect of the whole procedure relies on

the immunologic activity of alloreactive NK cells included in the

graft rather than on the chemotherapy.

Some important concerns may arise about the methods we

used to investigate the alloreactive NK cell repertoire. Indeed,

these are based on NK cell limiting dilution cloning and 51Cr-

release assay, which may be considered complex, time-consum-

ing, and expensive. For these reasons, one major challenge is to

develop alternative methods, while maintaining the same diag-

nostic potential. When mAbs were not able to discriminate

between activating and inhibitory KIRs, some studies showed the

alloreactive NK cell repertoire could be analyzed only in indivi-

duals who were homozygous for the group A KIR haplotype.

(25, 26) Subsequently, new anti-KIR antibodies were developed

that could distinguish inhibitory versus activating KIRswhenused

in appropriate combinations, thus allowing to identify alloreac-

tive NK subpopulations in all individuals. One persistent limi-

tation is that no mAb can currently distinguish KIR2DS2 from

KIR2DL2 cells when both are expressed in the KIR genotype.(11)

Because of these limitations, in the current study, we preferred to

use our standard procedures to detect NK alloreactive repertoires.

However, one of the endpoints of our future study will be to

compare our methods with the phenotypic identification of

alloreactive NK cell repertoire/CD107 assay, as also proposed by

other authors (11, 25, 26).

In conclusion, our data demonstrate that a better outcome after

infusion of haploidentical KIR-L–mismatched NK cells is corre-

lated with high number of donor alloreactive NK cells. Clinical

results suggest a potential effect in preventing disease relapse in a

subset of elderly patients with AML. To validate these promising

data, further clinical studies are highly warranted.
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