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Abstract

dence of infectious disease.

Background: Bloodstream infections (BSIs) are among the most lethal complications of liver transplantation (LT).
Natural killer (NK) cells are an important component of innate immunity and play an essential role in infection and
cancer. Adoptive transfer of activated NK cells has the potential to decrease post-LT infections, including BSls.

Methods: In this prospective, single-center, interventional, single-arm, historical control, phase I/Il study, 37 LT recipi-
ents will enroll. The patient will receive a single infusion of donor liver-derived NK cells 3—5 days after LT.

Discussion: The primary endpoint is the incidence of BSIs during the first month after LT. Secondary endpoints
include overall survival, adverse events, immunological responses, hepatocellular or de novo malignancy, and inci-

Trial registration: This study was prospectively registered with UMIN000019183 (https://centeré.umin.ac.jp/cgi-
open-bin/ctr/ctr_view.cgi?recptno=R000022074) on November 1, 2015 and jRCTa060190036 on February 27, 2020.
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Background

Although perioperative management and surgical
techniques have advanced in living donor liver trans-
plantation (LDLT), infectious complications are the
most common cause of death shortly after LDLT [1].
Bloodstream infections (BSIs) are still mainly associ-
ated with morbidity and mortality and the incidence of
BSIs has been reported to be approximately 10—40%
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[2-5]. Therefore, effective prevention and treatment are
required.

Natural killer (NK) cells play a crucial role in the first
line of defense against infections and tumors [6]. The liver
contains many NK cells that exhibit vigorous cytotoxic-
ity against hepatoma cells and produce large amounts of
cytokines in humans and mice [7, 8]. We have previously
reported the safety and efficacy of clinical immunother-
apy using liver-derived NK cells to prevent hepatocellu-
lar (HCC) after LT [9, 10]. In a subgroup analysis of this
clinical trial, the NK therapy group showed significantly
lower BSIs [11]. We reported a single nucleotide poly-
morphism of FcgRIIla involved in bloodstream infection
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after liver transplantation [12]. We also identified ADCC
(antibody dependent cellular cytotoxicity)-binding vul-
nerability of NK cells as a contributing factor and the
possibility that this vulnerability can be overcome by NK
cell therapy [13].

Therefore, we conducted a clinical trial of an adoptive
immunotherapy approach using lymphocytes extracted
from a liver allograft perfusate to prevent BSIs after LT.

Methods/design

Study design

This single-center, open-label, phase I/II study was
designed to gain evidence for living donor liver-derived
NK cell immunotherapy to prevent BSI after LDLT. This
study is being conducted at Hiroshima University Hospi-
tal, Hiroshima, Japan. Participants who meet the eligibil-
ity criteria will be enrolled in the study. The study design
is illustrated in Fig. 1.

Thirty-seven patients will be enrolled in the study. Eli-
gible patients received standard LT and will be infused
with enriched donor liver NK cells 3—5 days after LT. The
enrolled patients are divided into two groups according
to the following cell doses: the low-dose group (10—100
- 10° cells); and the high-dose group (100—1,000 - 10°
cells/body), according to the results of our preliminary
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Fig. 1 Study Design
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study [14]. This study aims to evaluate the safety of intra-
venous administration of donor liver NK cells after LT.
The possible clinical efficacy of this immunotherapy will
also be evaluated. Immunosuppression consists of a 3—6
month course of tapering corticosteroids and a calcineu-
rin inhibitor, usually tacrolimus, to be maintained with or
without mofetil mycophenolate. Prophylactic antibacte-
rial agents given perioperatively and immunosuppressive
agents given postoperatively are collected and analyzed.
The primary endpoint is the incidence of BSI during the
first month after LT. The secondary endpoints are the
following:

1. Overall survival (6 months, 1, and 3 years postopera-
tively).

2. Adverse events: Type and severity of adverse events
that occurred in this clinical study, frequency of
occurrence, duration of occurrence, and causal rela-
tionship.

3. Effect on immune response: Evaluation of donor-
specific immunoreactivity by CFSE-MLR (1, 2, 3, and
4 weeks postoperatively), detection of donor-specific
antibody (annual screening), incidence of rejection,
and evaluation of NK cell activity in recipient periph-
eral blood.

4. Presence and timing of hepatocellular carcinoma
recurrence (hepatocellular carcinoma cases only) and
de novo carcinogenesis.

5. Incidence of infectious diseases (bacterial infections,
cytomegalovirus infections, fungal infections, and
analysis of genetic polymorphisms).

Inclusion criteria
Selection criteria for recipients (recipients of regenera-
tive medicine) are the following:

1. Patients undergoing partial LT for the treatment of
refractory uncompensated liver cirrhosis with medi-
cal therapy.

2. Patients aged >20 years at the time of consent.

3. Patients who have obtained written consent from the
patient or a substitute.

Selection criteria for cell donors (donors) are as follows:

1. Patients who met the criteria of the LT Study Group’s
“Guidelines for Living Donor Surgery” and undergo
living donor surgery as liver donors.

2. The patient must be >20 years of age at the time of
obtaining consent.

3. Patients who have obtained written consent from
the donor or surrogate to prepare liver-derived NK
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cells from the perfusate of the donor liver graft and
administer them to the recipient.

Exclusion criteria
The exclusion criteria for recipients are as follows:

1. Patients undergoing reLT.

2. Patients undergoing deceased donor LT.

3. Other patients were judged by the principal investi-
gator or subinvestigator to be inappropriate to par-
ticipate in this clinical research.

The exclusion criteria for cell donors (donors) are as
follows:

1. Patients undergoing LDLT for reLT.

2. Patients were judged by the principal investigator or
subinvestigator to be inappropriate to participate in
this clinical research.

Sample size calculation

In a previous study comparing the incidence of BSIs 1
month after LDLT in 21 patients in the NK therapy group
and 21 patients in the matched non-NK therapy group
for 114 living donor liver transplants performed between
January 2004 and December 2009, the incidence of BSI in
the NK therapy group was 10% compared with 30% in the
non-NK therapy group [11]. Based on these results, the
expected incidence of BSIs in NK therapy 1 month after
LDLT was set at 10%, and the number of cases required
to examine the threshold of 30% incidence in non-NK
therapy at the 5% significance level (both sides) and the
power of 80% was calculated at 34. Considering the drop-
out cases at the time of enrollment, we set the target
number of cases to 37.

Treatment

Cell preparation is performed as previously described
[14]. Briefly, after organ recovery, the liver is perfused
through the portal vein with 2 L of the University of
Wisconsin solution on the back table. Liver mononu-
clear cells are collected using Ficoll-Hypaque density-
gradient centrifugation and cultured with 1000 U/mL
of human recombinant interleukin (IL)-2 (Teceleukin,
Shionogi, Japan) in X-VIVO 15 medium (LONZA, Walk-
ersville, MD) supplemented with 100 pug/ml of gentamy-
cin (APP Pharmaceuticals, Schaumburg, IL), 10% human
AB serum (Valley Biomedical, Winchester, VA) for 3—5
days to prime NK cells with enhanced antitumor prop-
erties. To prevent graft-versus-host disease (GVHD),
i.e., to inactivate CD3™" alloreactive T cells, an anti-CD3
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monoclonal antibody (mAb) (Miltenyi, Germany), is
added to the culture medium (100 pg/mL) 1 day before
cell harvest. A minimum of 1 x 107 cells with cell viabil-
ity of >80% is required to release the NK cell product for
infusion. After verification of quality control, including
Gram staining, culture, endotoxin, and mycoplasma tests,
all unfractionated cells, processed as described above and
defined as the final NK cell products, are infused into the
patients via intravenous administration on the day of cell
harvesting (Fig. 2). Periodic blood tests before and after
cell administration, various culture tests, x-rays, and
measurement of NK cell phenotype and cytotoxic activity
in peripheral blood are performed.

Follow-up and assessment of efficacy

Within the first month after LT, patients undergo weekly
blood culture and fever tests. Patients undergo survival
checks, adverse event checks, and infection and malig-
nancy checks up to 3 years after surgery.

Immunological assessment

All flow cytometry (FCM) analyses are performed on a
BD LSR Fortessa, FACS Canto II Cytometer, and FACS-
Calibur flow cytometer (BD Biosciences, San Jose, CA).
To detect the surface phenotype, leukocytes are stained
with monoclonal antibodies: against CD3 (clone HIT3a;
BD Biosciences — Pharmingen), the tumor necrosis
factor-related apoptosis-inducing ligand (clone RIK-
2; eBioscience), NKG2D (clone 1D11; BD Biosciences
— Pharmingen), CD69 (clone FN50; BD Biosciences
— Pharmingen), CD226 (clone 11A8; BioLegend), and
CD56 (clone B159; BD Biosciences — Pharmingen). Data
are analyzed using FlowJo software (Tree Star, Inc. Ash-
land, OR). A °!Cr-release assay was performed as previ-
ously described [7], using HepG2 tumor cells (Japanese
Cancer Research Resources Bank) as targets. Briefly,
*ICr-labeled target tumor cells were added to effector
cells in round-bottomed 96-well microtiter plates (BD
Biosciences - Discovery Labware) for 4 h at 37 °C. The
percentage of specific °!Cr released was calculated as fol-
lows: % cytotoxicity = [(cpm of experimental release —
cpm of spontaneous release)/(cpm of maximum release
— cpm of spontaneous release)] x 100. All assays are per-
formed in triplicate.

Safe evaluation and reporting of adverse effects

After cell administration, the investigator will record
all events, whether cell administration is related or not,
including complications after LT. In the event of serious
complications related to prolonged hospitalization or
death, the investigator will promptly report to the Com-
mittee for Regenerative Medicine and the Ministry of
Health, Labor and Welfare.
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Discussion

BSI is one of the most serious complications after LT and
affects the prognosis. To address this high medical need,
we introduce immunotherapy using donor liver NK cells
to evaluate safety and efficacy in patients after LT.

Sixty to eighty percent of liver transplant recipients
experience some type of infection within thefirst year
of surgery. Most of these infections are curable; how-
ever, some are fatal [15, 16]. BSI has been reported to be
responsible for 30% of posttransplant deaths. In particu-
lar, the frequency of infection is highest within the first
month after transplantation [17].

Immunotherapy with donor liver-derived NK cells
was originally applied to LDLT at Hiroshima University,

Japan, since 2006 [10]. This NK therapy involves the risk
of GVHD and acute rejection because of the administra-
tion of allo-cells. Anti-CD3 antibodies are used to elimi-
nate alloreactive T cells [14]. In this trial, 24 LT recipients
safely received NK cell infusion with acceptable out-
comes, i.e., without severe adverse events, including
GVHD, acute rejection and recurrence-free satisfactory
overall survival [9]. We analyzed the incidence of early
postoperative BSIs in 114 LDLT cases performed at
Hiroshima University Hospital from 2004 to 2009. The
frequency of BSIs was significantly lower in the NK cell
infusion group than in patients who did not receive NK
cell infusion, adjusted for background factors using the
propensity score matching method [11]. The argument
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that immunosuppression increases the risk of infection
is accepted. In contrast, immunosurveillance against
microbes is exerted by orchestrating innate and acquired
immunity, and the immunosuppressive drugs currently
used after LT preferentially suppress acquired compo-
nents such as T and B cells [18]. Therefore, innate immu-
nity, including NK cells, plays a major role in prophylactic
activity in the LT setting. We have previously demon-
strated that polymorphisms in genes encoding FcyRIIIa,
which is expressed by NK cells and mediates natural anti-
body-directed activity in innate immunity, can be a pre-
disposing factor to severe bacterial infections and predict
mortality after LT [12]. Despite the important role of NK
cells, functional impairment and decreased number of
NK cells have been observed in patients with end-stage
liver disease that requires LT [7, 19, 20]. In LT recipients,
who might be in such an immunological predicament,
augmentation of functionally activated liver NK cells may
be a promising approach. However, the only technique to
harvest liver-derived NK cells is liver transplantation in
which the liver can be flushed. We are currently investi-
gating the technology to generate liver-derived NK cells
from peripheral blood or bone marrow CD34-positive
stem cells for application to diseases other than liver
transplantation.
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