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Relapse has emerged as the most important cause of treatment failure after allogeneic
hematopoietic stem cell transplantation (HSCT). To test the hypothesis that natural killer
(NK) cells can decrease the risk of leukemia relapse, we initiated a phase 1 dose-
escalation study of membrane-bound interleukin 21 (mbiL21) expanded donor NK cells
infused before and after haploidentical HSCT for high-risk myeloid malignancies. The
goals were to determine the safety, feasibility, and maximum tolerated dose. Patients
received a melphalan-based reduced-intensity conditioning regimen and posttransplant
cyclophosphamide-based graft-versus-host disease (GVHD) prophylaxis. NK cells were
infused ondays —2, +7, and +28 posttransplant. All NK expansions achieved the required
cellnumber, and 11 of 13 patients enrolled received all 3 planned NK-cell doses (1 x 10%/kg
to 1 x 10%/kg per dose). No infusional reactions or dose-limiting toxicities occurred. All
patients engrafted with donor cells. Seven patients (54%) developed grade 1-2 acute
GVHD (aGVHD), none developed grade 3-4 aGVHD or chronic GVHD, and a low incidence
of viral complications was observed. One patient died of nonrelapse mortality; 1 patient relapsed. All others were alive and in
remission at last follow-up (median, 14.7 months). NK-cell reconstitution was quantitatively, phenotypically, and functionally superior
compared with a similar group of patients not receiving NK cells. In conclusion, this trial demonstrated production feasibility and
safety of infusing high doses of ex vivo—expanded NK cells after haploidentical HSCT without adverse effects, increased GVHD, or
higher mortality, and was associated with significantly improved NK-cell number and function, lower viral infections, and low relapse
rate posttransplant. (Blood. 2017;130(16):1857-1868)

Key Points

* High doses of NK cells
expanded ex vivo with
mblL21-expressing feeder
cells can be safely infused
posthaplotransplant.

* Infusion of NK cells was
associated with improved NK-
cell function, low relapse, and
incidence of viral infections.

Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) is effective
treatment of patients with advanced hematological malignancies. After

Several studies have used NK cells from the peripheral blood (PB)
of the donor collected by steady-state apheresis, with typical doses

progressive improvements in treatment-related mortality,” disease
relapse emerged as the most important cause of treatment failure.?
Hence there is urgent need for novel therapies to reduce the risk of
relapse posttransplant.

Natural killer (NK) cells have the capability to eliminate leukemic or
virally infected cells.** In mice, NK cells have been shown to improve
engraftment and decrease graft-versus-host disease (GVHD) after
transplantation.®” Higher absolute NK-cell numbers in the early post-
transplant period were associated with lower relapse and improved
survival.* Moreover, NK-cell alloreactivity was reported to decrease
relapse rate after haploidentical transplantation (haploHSCT).'°

ranging from 1 X 107/kg to 3 X 107/kg."""'> Most studies showed no
major toxicities, except in 1 report, in which infusion of interleukin
15 (IL-15)/4-1BBL~activated NK cells was associated with a high
incidence of acute GVHD (aGVHD).'¢

Obtaining sufficient numbers of NK cells to achieve a therapeutic
effect has been a major limitation.'” Attempts to expand NK cells
have typically used IL-2 and/or IL-15."%2* Qur group developed a
method to expand NK cells ex vivo using K562 feeder cells
expressing membrane-bound IL-21 (mbIL21).?° This approach
expands NK cells up to 35 000-fold in 3 weeks and produces highly
functional NK cells.?®
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NK cells are the first cells to recover after transplant; however, their
function is significantly impaired.”*>® We also observed that absolute
NK-cell numbers were low in the first month following T-cell replete
haploHSCT with posttransplant cyclophosphamide, and had immature
phenotype and markedly decreased function (Figure 1).%° Therefore,
we hypothesized that multiple infusions of high numbers of mature,
fully functional mbIL21-expanded NK cells before and after trans-
plantation would improve antitumor activity for high-risk myeloid
malignancies. We performed a phase 1 study to determine safety,
feasibility, and maximum tolerated dose (MTD) of this approach.

Methods

Patients

Patients 18 to 65 years of age with high-risk acute myeloid leukemia (AML),
myelodysplastic syndromes (MDSs), or chronic myeloid leukemia (CML) (=5%
bone marrow blasts), adequate performance status, and organ function were
included. High-risk myeloid malignancies were assessed for inclusion as follows:

o AML with high-risk disease by refractoriness to induction chemotherapy,
cytogenetics, and/or molecular mutations, in morphologic remission (=5%
bone marrow blasts),

e MDS with intermediate- or high-risk International Prognostic Scoring
System (IPPS) score, or

o CML that failed treatment with tyrosine kinase inhibitors or progressed to
accelerated or blast phase, with =5% bone marrow blasts.

Patients included were 18 to 65 years of age with adequate performance status
(=70% Karnofsky) and organ function (ejection fraction, =40%; corrected

diffusing capacity of the lungs for carbon monoxide, =50%; Br, <1.5 mg/dL;
alanine transaminase/aspartate transaminase, <200 IU/mL; creatinine clearance
by Cockroft-Gault, =50 mL per minute). Exclusion criteria included: active
hepatitis B, hepatitis C, or HIV-positive, liver cirrhosis, uncontrolled infections,
central nervous system involvement for <3 months, and positive pregnancy test
in a woman with childbearing potential.

Donors

Donors were required to be at least 16 years of age and must have agreed to
2 donations: ~1 unit (500 mL of peripheral blood) collected on day —16 for
NK-cell production and bone marrow progenitor cells obtained via a bone
marrow harvest procedure with the goal of 3 X 108 total nucleated cell dose
(TNC) per kilogram collected and infused on day O of transplant.

Transplant conditioning regimen and stem cell infusion

All patients were treated with a conditioning regimen consisting of melphalan
140 mg/m? for | dose on day —7, fludarabine 160 mg/m? divided in 4 daily doses
on days —7 to —4. Older patients (>55 years) or those with comorbidities could
receive reduced doses of melphalan at 100 mg/m? at the discretion of the treating
physician, as we previously described. All patients received 1 dose of 200 cGy
total-body irradiation on day —3 (Figure 2). A bone marrow graft was infused
fresh on day 0. The goal of the bone marrow harvest collection was 3 X 10° TNC
per kilogram. GVHD prophylaxis consisted of posttransplant cyclophosphamide
at 50 mg/kg per day on days +3 and +4, tacrolimus starting on day +5 and
continued for 6 months in the absence of GVHD, and mycophenolate mofetil
starting on day +5 and continued for 3 months, unless otherwise indicated. All
patients received filgrastim at 5 pg/kg per day starting on day +7 until the
absolute neutrophil count (ANC) reached 1500 X 10°/L. Standard antimicrobial
prophylaxis was provided with voriconazole, pentamidine or trimethoprim-
sulfamethoxazole, and acyclovir or valacyclovir for fungal, Pneumocystis jiroveci,
and herpes simplex, respectively.
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Figure 2. Treatment schema for the clinical trial 2012-0708 of adding infusions of expanded donor NK cells to haploidentical stem cell transplant with

posttransplant cyclophosphamide.

Ex vivo—expanded NK-cell product

The leukocyte fraction (“buffy coat”) of haploidentical blood collected on day
—16 was the source of PB mononuclear cells (PBMCs). T cells were
magnetically separated with colloidal superparamagnetic anti-CD3 mono-
clonal antibody (mAb; Miltenyi Biotec, Auburn, CA). NK cells from the
transplant donor were expanded ex vivo for 14 days from CD3-depleted
PBMCs (see supplemental Methods, available on the Blood Web site)
by adding irradiated K562 Clone9.mblL21 feeder cells once weekly, as
previously described® (hereafter denoted as mbIL21-NK cells). Fresh
mbIL21-NK cells were infused on day —2. The remaining mbIL21-NK cells
were cryopreserved (40% Plasmalyte, 50% human AB serum, 10% dimethyl
sulfoxide) and were thawed, washed, and infused on days +7 and +28 (or
later, up to day +90) (Figure 2). The cryopreserved NK cells were prepared
for infusion by thawing in a 37°C water bath, washing once with infusion
buffer (0.5% human serum albumin in Plasmalyte A) and resuspending the
final cell dose in 100 mL of infusion buffer. Dose escalation was planned
in cohorts of a minimum of 2 patients starting at 1 X 10°/kg per dose and
escalating by one-half-log increments up to 3 X 10%/kg per dose or until
the MTD was reached. A “safe dose” level of 1 X 10*/kg per dose was used
if a patient needed treatment before the 1 X 103/kg per d

deemed safe.

HLA typing and determination of KIR content/matching

Killer cell immunoglobulin-like receptor (KIR) genotyping and alloreactivity
were evaluated. NK alloreactivity in the graft-versus-host direction and/or
KIR B genotype was preferred for donor selection, but not required.***' KIR
genotyping and alloreactivity were evaluated. NK alloreactivity in the GVHD
direction and/or KIR B genotype was preferred for donor selection, but not

required. All patients had HLA typing by intermediate- and/or high-resolution
typing. KIR genotyping was performed for selected NK-cell donors with the
reverse sequence-specific oligonucleotide method utilizing fluorescently labeled
beads conjugated to oligonucleotide probes and detected in a Luminex platform
(One Lambda, Canoga Park, CA). KIR ligand-ligand mismatch was predicted
using KIR Ligand Calculator (http://www.ebi.ac.uk/ipd/kir/ligand.html). KIR
receptor-ligand mismatch was refined by ligand-ligand mismatch prediction
based on presence of the KIR receptor gene in the donor. KIR-B content
was determined using B Content Calculator (http://www.ebi.ac.uk/ipd/kir/
donor_b_content.html).

NK-cell phenotype and function

PBMCs from patients and aliquots of donor mbIL21-NK cells were
cryopreserved for batched testing of function and phenotype. PB was obtained
around day +30 from patients receiving haploHSCT without NK cells (The
University of Texas MD Anderson Cancer Center [MDACC] #2009-0266,
clinicaltrials.gov NCT01010217; control group), and prior to the third infusion
of NK cells around day +28 from patients receiving haploHSCT with NK cells
(MDACC #2012-0708, clinicaltrials.gov NCT01904136), both referred to
hereafter as day +28 samples. PBMCs from patients and aliquots of donor
NK-cell infusion products were cryopreserved for batched testing of function
and phenotype. Cells were thawed and rested overnight in 100 IU/mL IL-2
prior to testing. The calcein-release assay was used to determine cytotoxicity as
previously described.*? Cytokine production was determined by stimulating
effectors (adjusted for NK-cell content) with targets at a 2:1 NK-to-target ratio
for 3 hours in the presence of Golgi-stop (BD Biosciences) and metal-
conjugated anti-CD107a, followed by labeling with 5 wM cisplatin and surface
and intracellular staining with metal-conjugated antibodies. NK cells were
identified as CD56"CD3 ™ and data were acquired by CyTOF (DVS Sciences)



