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Mart́ınez-López8, Cristina Ferreras10,11, Raquel De Paz12, Miguel Blanquer Blanquer4,
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Abstract

Background. Acute myeloid leukemia (AML) accounts for approximately 25% of pediatric leukemia. The long term overall

survival rate now approaches 70%, but up 30% relapse. The anti-leukemia properties of Natural Killer (NK) cells and its

safety profile has been reported previously at different phases of AML treatment. We proposed a phase II open, a prospective

multicenter, non-randomized clinical trial for adoptive infusion of haploidentical K562-mb15-41BBL activated and expanded

Natural Killer (NKAE) cells as a consolidation strategy in children with favorable and intermediate-risk AML who were in first

complete remission after chemotherapy (NCT02763475). Previous to NKAE cell infusion, patients received a lymphodepleting

regimen. After NKAE cell infusion, patients received low doses (1×106/IU/m2) of IL-2 subcutaneously every 48 hours for 2

weeks. Procedure. Seven patients, median age 7.4 years (range, 0.78–15.98), received 13 infusions of NKAE cells, with a median

of 36.44x106 NKAE cells/kg (range, 6.92–193.2x106 cells/kg). Results. Three pair donor-recipient were KIR–HLA-mismatched.

Donor KIR haplotype score was better in two cases, and neutral in the rest of the cases. Chimerism was observed in 4 patients

median chimerism 0.065%, (range 0.05-0.27%). With a median of follow up of 33 moths, 6 (85.7%) patients remain alive

and in complete remission. The 3-year overall survival was 83.3% (95% confidence interval 68.1-98.5), and the 3-year relapse

cumulative incidence was 28.6% (95% confidence interval 11.5-45.7). Conclusions. This study shows that NKAE cell infusion

as a consolidation strategy was feasible and safe but could not improve the pediatric AML relapse rate in this small cohort.

Text word count: 3217

Number of tables: 4

Number of figures: 5

Short running title: Activated NK cells as pediatric AML treatment

Keywords: pediatric AML, NK cells, clinical trial

Trial registration: registered atwww.clinicaltrials.gov(NCT02763475).

Abbreviations Abbreviations

AML Acute myeloid leukemia
NK Natural Killer

ABSTRACT:

Background. Acute myeloid leukemia (AML) accounts for approximately 25% of pediatric leukemia. The
long term overall survival rate now approaches 70%, but up 30% relapse. The anti-leukemia properties of
Natural Killer (NK) cells and its safety profile has been reported previously at different phases of AML
treatment.

Procedure. We proposed a phase II open, a prospective multicenter, non-randomized clinical trial for
adoptive infusion of haploidentical K562-mb15-41BBL activated and expanded Natural Killer (NKAE) cells
as a consolidation strategy in children with favorable and intermediate-risk AML who were in first com-
plete remission after chemotherapy (NCT02763475). Previous to NKAE cell infusion, patients received a
lymphodepleting regimen. After NKAE cell infusion, patients received low doses (1×106/IU/m2) of IL-2
subcutaneously every 48 hours for 2 weeks.

Results. Seven patients, median age 7.4 years (range, 0.78–15.98), received 13 infusions of NKAE cells,
with a median of 36.44x106 NKAE cells/kg (range, 6.92–193.2x106 cells/kg). Three pair donor-recipient
were KIR–HLA-mismatched. Donor KIR haplotype score was better in two cases, and neutral in the rest
of the cases. Chimerism was observed in 4 patients median chimerism 0.065%, (range 0.05-0.27%). With
a median of follow up of 33 moths, 6 (85.7%) patients remain alive and in complete remission. The 3-year
overall survival was 83.3% (95% confidence interval 68.1-98.5), and the 3-year relapse cumulative incidence
was 28.6% (95% confidence interval 11.5-45.7).
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Conclusions. This study shows that NKAE cell infusion as a consolidation strategy was feasible and safe
but could not improve the pediatric AML relapse rate in this small cohort.

INTRODUCTION

Acute myeloid leukemia (AML) is a highly heterogeneous hematopoietic stem cell disorder characterized
by clonal expansion of abnormally differentiated myeloid lineage blasts. It accounts for 20% of childhood
leukemia (1). The European Leukemia Net (ELN) published in 2010 its first edition of the recommendations
for the diagnosis, prognosis, and treatment of AML. The progress of recent years is reflected in the new 2017
publication, which includes, among other innovations, the recent WHO classification, an update on the prog-
nostic significance of cytogenetic and molecular alterations, the role of minimal residual disease, the response
criteria and recommended and investigational treatment options (2). The standard treatment approach for
pediatric AML is remission induction chemotherapy with an anthracycline/cytarabine combination followed
by either consolidation chemotherapy or allogeneic hematopoietic stem cell transplantation (allo-HSCT)
(3). Chemotherapeutic consolidation has been an acceptable option for cytogenetic favorable-risk AML and
allo-HSCT for chemotherapy failure induction and cytogenetic unfavorable risk AML (4). Newer treatment
options continue to be explored, including epigenetic therapy, immunotherapy, antibody-drug conjugates,
and small-molecule inhibitor therapies (5). Immunotherapy has advanced significantly in recent years and
is beneficial when incorporated into treatment regimens for cancers in both adults and children (6). Natural
killer (NK) cells are effector lymphocytes of the innate lymphoid system, which its anti-leukemia activity is
regulated by the recognition HLA-I) molecules, for inhibitory receptors, and major histocompatibility com-
plex (MHC) class I related chain A/B (MICA/B), and UL16-binding proteins 1-4 (ULBP 1-4), for activating
receptors. (7,8) A potent anti-leukemia effect of NK cells has been classically described in allo-HSCT from
mismatch Killer immunoglobulin-like receptor (KIR) donor MHC class I (9). Successful adoptive infusion of
alloreactive NK cells has been reported previously in adults and elderly high-risk AML (10-14). Molecular
complete remission and myeloid leukemia-free survival was associated with the infusion of a higher number
of alloreactive NK cells (11). In addition, alloreactive NK cells and adoptive leukemia cell line activated
NK cells have been infused as consolidation strategy for pediatric AML after chemotherapy and before allo-
HSCT (15-17). Despite the safety profile, they did not decrease relapse or increase survival compared to
chemotherapy alone and need further improvement and additional clinical investigation (16,18). We previ-
ously reported the feasibility and safety profile of the adoptive infusion of haploidentical IL-15 activated NK
cells in refractory solid and hematological malignancies (18-20). Here we report the data and outcome from
a phase II open, a prospective multicenter, non-randomized multicenter clinical trial for adoptive infusion
of haploidentical K562-mb-IL15-41BBL NKAE cells as a consolidation strategy in 7 children with favorable
and intermediate-risk AML who were in first complete remission (NCT02763475).

MATERIAL AND METHODS

Patients and haploidentical donors

The present study is a phase II, open, prospective, non-randomized, multicenter clinical trial (NCT02763475).
The research was approved by the ethics committee of La Paz University Hospital and ratified for all par-
ticipant centers. All patients and/or their parents or guardians signed consent to participate in the study.
Participants center were La Paz University Hospital and Hospital 12 de Octubre from Madrid, Spain; Ma-
ternal Paediatric Hospital of Badajoz, Extremadura, Spain; Cruces University Hospital, Barakaldo, Spain,
Hospital Carlos Haya, Malaga, Spain and Hospital Virgen de la Arrixaca, Murcia, Spain.

Patients diagnosed with low-risk and intermediate-risk of AML between 2016-2019 were recruited for the
study while patients with Down syndrome, juvenile myelomonocytic leukemia, or acute promyelocytic
leukemia were not eligible. Inclusion criteria, exclusion criteria, and protocol details were previously re-
ported (21). Briefly, pediatric patients suffering from AML in first complete remission, and after consolida-
tion chemotherapy, received two infusions of NKAE from haploidentical donors, first after lymphoablative
chemotherapy, and second, one week later. The conditioning regimen for patients comprised 60 mg/kg cy-
clophosphamide intravenously on day -7 and 25 mg/m2/day of fludarabine intravenously from day -6 until
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day -2. On alternate days, 1 million U/m2 of IL-2 was administered subcutaneously for six doses starting
on day-1 to activate and expand circulating donor NK cells.

Related healthy haploidentical donors were selected according to first, donor KIR/HLA-I receptor mismatch;
and second: donor higher KIR haplotype score. If none of them was favorable, the mother was selected as
the donor (22-24).

NKAE cell manufacturing, cell composition, and KIR inhibitory receptor expression

Between 250-400 ml whole blood was collected in the local hospital from healthy haploidentical donors,
parents, and shipped at controlled temperature 4-25oC to a GMP facility certified by the Spanish Regulatory
Agency at Hospital Infantil Universitario Nino Jesus, Madrid, within the next 24 h. Shippers, Medical
Courier, and Scort DL were qualified to maintain the product within the specified temperature ranges up
to qualified shipping time. After that, peripheral blood mononuclear cells (PBMC) were isolated by density
gradient centrifugation using Ficoll-Paque (GE Healthcare). The genetically modified K562-mbIL15-41BBL
cell line, kindly provided by Professor D. Campana (National University of Singapore), was irradiated with
100 Gy. PBMCs were co-cultured with K562-mbIL15-41BBL cell line in a 1:1.5 ratio with 10 UI/ml of
IL-2 (Miltenyi Biotec) from day 0 to day 7 and 100 UI/ml of IL-2 day 7 to day 21 in RPMI (Lonza)
supplemented with 10% human AB serum (Sigma Aldrich). Every 2-3 days, fresh medium was added to a
final concentration of 1x106 cells/ml (20). From each expansion, we infused 2 NKAE products. The first
infusion was performed after 2 weeks of expansion, leaving about half cells at the co-culture, and the second
infusion was performed after 3 weeks of the expansion. The final product was shipped fresh at controlled
refrigerated temperature to Badajoz, Malaga, and Murcia, three different cities in Spain where the patients
were recruited, allocated to 415, 545, and 403 km respectively from Madrid. The infusion was performed
within the next 24 h.

Percentage of NK cells, NKT cells, T cells and KIR inhibitory phenotype of NKAE cells were monitored
weekly during the co-culture process by flow cytometry (Navios, Beckman Coulter) using the following
anti-human monoclonal antibodies (mAbs): CD45-BV510 (BD, clone HI30), CD56-APC (BD, clone B159),
CD3-PECy7 (Biolegend, clone HIT3a), KIR2DL1-FITC (Miltenyi Biotec, clone REA284), KIR2DL2/L3/S2-
FITC (BD, clone CH-L), KIR3DL1-FITC (Miltenyi Biotec, clone DX9), KIR2DL1-PE (BD, clone 11PB6),
KIR2DL2/L3/S2-PE (BD, clone DX27), KIR3DL1-BD (Miltenyi Biotec, clone DX9), NKG2A-PE (R&D
Systems, clone 131411). Mean fluorescence intensity (MFI) in AML blast at relapse was monitored using the
following anti-human mAbs: PDL1-APC (BD, clone PDL1.3.1), CD80 (BD, clone MAB104) and CD86 (BD,
clone). HLA, A, B, C-APC (BD, G46-2.6), MICA/B-APC (Biolegend 6D4), MICA-APC (R&D, 159227),
ULBP1-APC (R&D, 170818), ULBP3-APC (R&D, 166510), ULBP4-PERCPCy5 (R&D, 709116), , MICB
(R&D, 236511).

Because KIR2DL2/L3/S2-FITC (BD, clone CH-L) antibody could not identify the KIR2DL2 receptor
exclusively, we isolated RNA from co-cultured PBMCs by RNeasy Mini Kit (Qiagen) at day 14 and
day 21. RT-PCR was performed by SuperScript IV First-Strand Synthesis System (Thermo Scientific).
cDNA was amplified using specific primers for human KIR2DL2, KIR2DL3 and KIR2DS2 (Fw: 5’-
CCCATGATGCAAGACCTT-3’, Rv: 5’-TTGGGCCCTGCAGAGAA-3’, Sigma Aldrich) and a Master Mix
(Promega) (1 cycle: 95degC for 2 min;10 cycles: 94degC for 10 s, 65oC for 20 s (-0,3oC for cycle); 20
cycles: 94degC for 10 s, 61oC for 20 s (-0,3oC for cycle), 72degC for 1 s; 72oC for 10 min). RT-PCR
products were purified using ExS-Pure enzymatic PCR cleanup kit (Nimagen, Roche NimbleDesing soft-
ware) and sequenced by Brilliant Dye Terminator Cycle Sequencing Kit (Nimagen), Agencourt CleanSEQ
Dye-Terminator (Beckman Coulter) and by using ABI PRISM 3730xl DNA Analyzer (Applied Biosystems).

Chimerism

For each donor-recipient pair, DNA was isolated using the QIAamp Blood Kit (Qiagen). Chimerism anal-
ysis was monitored three times a week during 4 consecutive weeks. It was performed based on the de-
tection of insertion-deletion polymorphism (INDELs) using of qPCR technology (sensitivity 0,05%). For
that purpose commercial reagents for screening of informative alleles (Mentype DIPscreen, Biotype) and
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quantitative chimerism analysis (Mentype DIPquant qPCR) were employed. The percentage of donor alle-
les was calculated based on the ΔΔCt qPCR method by using the β-globin as the reference gene and the
ChimerismMonitor 2.1 software.

AML next-generation sequencing

Genomic DNA was isolated from bone marrow samples at the time of diagnosis using DNA investigator kit
(Invitrogen), following the manufacturer’s instructions. The presence of somatic mutations was determined
using a custom panel of genes (25), including 81 genes previously associated with pediatric acute leukemia.
The probes for sequencing were designed with NimbleDesing software (Roche Sequencing), also using hg19
primary assembly. Pair-end libraries were generated and amplified with KAPA Library Preparation Kit
and NimbleGen SeqCap EZ Library SR (Roche The captured DNA fragments were sequenced on a HiSeq
4000 instrument (Illumina) according to the manufacturer’s instructions. The resulting sequence reads
were mapped to the human reference sequence hg19 with BWA (v0.7.17) (26) Picard (v2.18.25) (27) was
used to remove PCR duplicates, and realignment and recalibration of the reads were performed with the
Genome Analysis Toolkit (GATK v4.1.4.0) (28). SNPs and indels were called with Lofreq (v2.1.3.1), MuTect2
(from GATK v4.1.4.0) and Pisces (v5.2.10.49) (29-31). Variants were annotated with gene names, predicted
functional effect, protein positions and amino-acid changes, conservation scores, and population frequency
data with snpEff (v4.3s) (28) and vcfanno (v0.2.9) (32).

Endpoints and clinical outcome

The first endpoint of the trial was to determine the cumulative incidence of AML relapse, overall survival
(OS), and disease-free survival (DFS) comparing with the historical Spanish cohort (8). The secondary
objective was to determine the safety of the NKAE cell along with the lymphodepleting regimen. In addition,
in case of relapse, we aimed to analyze the possible mechanisms underneath.

Statistical Analysis

Quantitative variables were expressed as median with interquartile range (IQR) and either range and qual-
itative variables as frequency and percentage. Two sample Wilcoxon Mann-Whitney tests were used to
compare cell composition of first and second NKAE cell infusions. Patients were censored at the time of
relapse or death or last follow-up. The OS was defined as the time from transplantation to death from any
cause. The DFS was defined as the time for transplantation to death or relapse. The cumulative relapse
incidence as the time for transplantation to relapse. Relapse was defined as morphologic or clinical evidence
of recurrence in the peripheral blood, bone marrow, or extramedullary sites. The OS and DFS rates were
calculated using the Kaplan–Meier product-limit method, including standard error (SE) or CI95%. The
statistical analyses were performed with SPSS software (version 26.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Patients and donors

In the period from 2016 to 2019 a total of seven patients, 5 males, and 2 females, with low or intermediate-
risk AML in first complete remission, were recruited from Maternal Pediatric Hospital of Badajoz, Badajoz,
Spain, (n=1), Hospital Carlos Haya, Malaga, Spain, (n=2), and Hospital Virgen de la Arrixaca, Murcia,
Spain, (n=4). The median age at recruitment was 7.4 years old (range, 0.78–15.98). All completed 4 courses
of chemotherapy. All patients were in complete remission, but patient #2 showed incomplete hematological
recovery (CRi). Donors were the father, n=4 (57%), and the mother, n=3 (43%). Donor recipients were
KIR/HLA mismatch in 3 (43%) pairs. Donor KIR haplotype score was neutral in 5 (71%) cases and better
in 2 (39%) cases. The median duration of time from the last cycle of chemotherapy to the infusion of NKAE
cells was 59 days (range, 35–99 days). Patients and donor characteristics are shown in table 1.

NKAE manufacturing and products

There were not any failure of NKAE production. The median fold increase ratio of NKAE cells in the first
week, second week, and the third week were 3.66 (IQR 7.69), 9.53 (IQR 9.97), 15.4 (IQR 16.29), respectively.
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As expected, NK cells fold increase ratio rose from 8.13 (IQR 21.63) to 31.11 (IQR 44.28) and 56.97 (IQR
44.28) at the first, second, and the third week respectively. However, T cell fold increase ratio remained
stable from 0.79 (IQR 1.7), 1.36 (IQR 1.2), and 0.67 (IQR 4.55). NKT cells fold increase ratio remained
stable the first two weeks 1.53 (IQR 2.13), 1.02 (IQR 13.49), and increased the third week 12.31 (IQR 32.57),
figure 1 and table 2. After manufacturing, NKAE products were shipping fresh at a mean controlled tem-
perature of 16±5.97 ºC with a mean of time to infusion of 18.5±2.12 h. All patients received two infusions
of NKAE cells, except patient #1, who did not receive the second dose because of gram-positive manufac-
turing contamination. The median cell dose infused was 36.44×106 NKAE cells/kg (range, 6.92–193.2×106

cells/kg). The second NKAE cell infusion contained more total NKAE cells/kg, NK cells and NKT cells
than first one, (84.31x106/kg vs 28.9x106; p=0.028); (2146x106 vs 772.7x106; p=0.028), and (130.64x106vs
71.82x106; p=0.028), respectively (table 3 and table 4). T cells infused were in all cases [?]1x106/kg, figure
2. In three of 7 NKAE final products, we monitored the expression of KIR2DL1, KIR2DL2, KIR2DL3, and
KIR3DL1 by flow cytometry. Low expression of KIR inhibitory receptors was observed in the final products
(figure 3) except in one expansion where high expression of KIR2DL2 was detected. As the clone used to
measure the expression of the KIR2DL2 gene (CH-L) also interacts with KIR2DL3 and KIR2DS2, RT-PCR
was performed. The RT-PCR showed the expression of the KIR2DL2 gene and the absence of KIR2DL3
and KIR2DS2 transcripts in the same sample (data not shown).

Clinical outcome

Patients remained on an outpatient regimen. No side effects were observed during the lymphodepleting regi-
men and NKAE infusion. Of the 7 patients treated, 6 (85%) developed [?] grade 3 neutropenia, and 1 (14%)
developed grade [?] 3 thrombocytopenia. None of them needed transfusion support. The median time for
absolute neutrophil recovery was 9 days (range 0-14). Two patients (28%) developed febrile neutropenia and
required hospital admission. Both remained afebrile 24h after empiric broad-spectrum antibiotic treatment.
No graft versus host disease was observed in any patient.

Chimerism was monitored in 5 patients. Peak chimerism was observed in 4 in a low percentage, 0.065%,
(range 0.05-0.27%). With a median of follow up of 1000 days, 6 (85.7%) patients remain alive and in
complete remission. Two patients, patients #2 and #5, relapsed at day 333 and 406 after NKAE infusion.
Both received NKAE cells from a donor KIR neutral haplotype. They were rescued with an (allo HSCT),
being alive one of them. The 3-year OS was 83.3% (95% confidence interval 68.1-98.5), the 3-year DFS
was 71.4% (95% confidence interval 54.3-88.5) and the 3-year relapse cumulative incidence was 28.6% (95%
confidence interval 11.5-45.7), table 4, and figure 4.

Molecular and immune characteristics of AML which relapse

Patients #2 and #5 relapsed. We observed in both AML blasts at relapse, high expression of PDL1 as 86
and 95%, respectively and low expression of CD80. However, the expression of CD86 was high in patient
#2 (figure 4). NKG2D ligands expression in the bone marrow at relapse, ULBP-1, ULBP-2, ULBP-4 was
low in patient #5 compared to our cell bank data of pediatric AML at diagnosis (figure 5).

The bone marrow samples at diagnosis showed one mutation in the KRAS gene, p.Gly13Asp, in patient #2,
and a mutation in the KIT gene (p.Asp816Val) and the NRAS gene (p.Gln61His), in patient #5.

DISCUSSION

In this manuscript, we report the results from a phase II, multicenter prospective, non-randomized clinical
trial to assess the safety and efficacy of K562-mb15-41BBL activated and expanded NK cells as consolidation
therapy for children with low and intermediate-risk AML. Previous studies have reported the feasibility and
safety profile of adoptive alloreactive NK cells in pediatric AML (15,16) and their incapability of decreasing
relapse (16). The investigators proposed two mayor factors for these negative results: i) first, the low dose
of NK cells infused; and ii) two, the limited persistence of donor NK cells. As expected, we also observed
that fresh activated and expanded NK cells (NKAE) were feasibly shipped from Madrid to be delivered to
different centers in other cities in Spain and safety infused, which allowed outpatient treatment. However,
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and although in our trial, we infused 3-4 times more NK cells compared with a previous study mentioned
above (16) and with an activated phenotype, we also detected a very low percentage of donor NK cells in
the patients. And similar to them (16), we were not able to improve event-free survival comparing with our
previous data in AML (8). Although in our study, only 3/7 pairs donor-recipient were KIR/HLA mismatch,
we proposed to overcome this limitation infusing an activated NK cell phenotype (20). Although the small
sample size is a limitation to find a significant difference, we would like to highlight that the two AML relapses
occurred in patients who received donor neutral score KIR genotyping NK cells. Although one of the relapses
occurred in a patient who received alloreactive KIR2DL1 NKAE cells, the activation and expansion selected
inhibitory KIR- NK cells. So, we should not consider KIR/HLA mismatch as criteria to select donors if
we use activation and expansion procedures. In fact, we probably should select donors from NKAE cells
attending to better and best KIR genotype. Although all patients were negative for the minimal residual
disease at the time of NKAE cell infusion, patient #2 was the only one who had an incomplete hematological
recovery, and he relapsed. Previous data have suggested that those patients with complete remission but
incomplete hematological recovery after induction present higher a number of residual leukemia cells (33,
34).

Better AML characterization at diagnosis using NGS could have helped to select property low and
intermediate-risk patients, excluding KIT gene mutation, as patient #5, mutation that has been associ-
ated with very poor OS (35). Immune AML blast signature characterization at relapse showed in both
patients high expression of PDL-1 and low expression of NKG2DL in the patient who was tested (patient
#5). Both mechanisms could help tumor cells to evade immunosurveillance and promote leukemia relapse
(36-39). NKG2DL expressing AML cells could be cleared by NK cells through interaction with NKG2D, how-
ever, tumor cells may downregulate NKG2DL as an immune escape mechanism, evading NK cell recognition
and killing PD-L1 is an extracellular protein that downregulates immune responses primarily in peripheral
tissues through binding to its two receptors programmed death 1 and B7.1. PD-1 is an inhibitory receptor
expressed on lymphocytes following activation. Ligation of PD-L1 with PD-1 inhibits T cell proliferation,
cytokine production, and cytolytic capacity, leading to the functional inactivation or exhaustion of lym-
phocytes. Overexpression of PD-L1 has been reported to impede antitumor response resulting in immune
evasion (40-42). Linking genetic characterization and immune printer, it has been reported how inhibition
of c-Myc resulted in decreased expression of NKG2DL and the subsequent impairment of NK cell lysis (43).

In our clinical trial, we expected to recruit 35 clinically evaluable patients for the objective of reducing AML
relapse during the period of the study (21). However, the low incidence of pediatric AML and the presence of
the international competitive NOPHO-AML study during the same period of the trial make unreachable the
sample size. Nevertheless, we consider it important to report the outcome of the seven patients we recruited.
The lack of benefit may result from insufficient numbers, inadequate identify high-risk patients, and limited
persistence of alloreactive donor NK cells but does not preclude its potential usefulness during other phases
of therapy or in combination with other immunotherapeutic agents.

Cell therapy with NKAE infusion is a safe strategy that could constitute a complementary line of treatment
in a subgroup of patients with AML and could be incorporated as part of additional treatment protocols for
chemotherapy.

Clinical trials with a more significant number of patients are required to confirm these clinical results, as
well as the biological mechanisms of immune escape to the control of NK cells
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FIGURES, TABLES AND LEGENDS

Table 1. Patient and donor characteristics

Table 2. Fold increase of NKAE cell product manufacturing

Table 3. Characteristics of first infusion vs 2nd infusion. Median and percentage of cell populations of all
the donor’s NKAE cell expansions.

Table 4. Donor’s NKAE cell infusion and patient outcome

Figure 1. Expansion and activation of NK cells from healthy donor’s PBMCs. Purity of trans-
duced cells of a representative sample at day 21 (A), percentage of purity of all expansions during the cell
production (B) and fold increase ratio of NKAE cells (c) over time which were obtained by co-culturing
donor’s PBMCs with K562-mb15-41BBL cells.

Figure 2. NK cells, T cells and NKT cells at day 14 (first infusion) and at day 21 (second infusion) of
co-culturing donor’s PBMCs with K562-mb15-41BBL cells.

Figure 3. Expression of KIR inhibitory receptors in NKAE.Percentage of specific populations
KIR2DL1, KIR2DL2 and KIR3DL1 of a representative sample (A), mean and SD of percentage of all the
expansions at day 0 and day +21 (B). * = p<0.05.

Figure 4. Patients outcome : Overall survival (OS), Disease Fress survival (DFS) and cumulative relapse
incidence.

Figure 5. Analysis of PD-L1, CD80, CD86 and NKG2DL expression in blasts of two relapsed
patients. (A) Percentage of expression of PD-L1, CD80 and CD86 in blasts of two relapsed patients which
are represented in red (patient #2) or blue (patient #5), isotype controls are represented with in gray. PD-
L1 (#2: 95%; #5:87.9%), CD86 (#2: 11.2%; #5: 72%) and CD80 (#2: 0.37%; #5: 3.88%). Analysis of
NKG2DL expression (B) and mean fluorescent intensity (MFI) (C) of patient #5 at time to relapse compared
with AML samples collected at diagnosis.
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