
Abstract. Background: We previously developed a novel
technique for expanding highly activated and purified natural
killer (NK) cells able to maximize the theoretical activation
potential of NK cells; thus, we named this cell population
zenithal-NK (ZNK). Aim: To evaluate the safety, feasibility, and
preliminary efficacy of autologous ZNK cells in patients with
different types of advanced cancer with measurable solid
lesions.  Patients and Methods: In this phase I/IIb first-in-
human, open-label, dose-escalation study (trial registration ID:
UMIN-000011555), eligible patients received ZNK cells
intravenously starting from 106 to 108 cells/patient/dose at 2-
week dosing intervals. A maximum of six cycles were allowed.
Safety and survival analyses were also carried out for cases that
were excluded and never administered ZNK cells. Results: As
of April 20, 2017, a total of nine patients were enrolled in this
study, with one recruited twice. Overall, neither grade 2 or
higher toxicities (Common Terminology Criteria for Adverse
Events v5.0) caused by cell administration, nor adverse events
causing discontinuation of protocol treatment were found. In
four cases, the number of administered ZNK cells was increased
to 108 cells/body/dose without any serious dose-limiting
toxicity; the maximally tolerated dose was therefore considered
to be at least 108 cells. The overall response rate was 40.0% in
10 net cases, one of partial response and three of stable disease,

and the patient with partial response is still alive after 4 year’s
observation. Conclusion: These results demonstrate that
autologous ZNK cells are safe and well-tolerated in patients
with different types of advanced solid tumors. Clinical studies
using similarly active ZNK cells from human leukocyte
antigen/killer cell immunoglobulin-like receptor-mismatched
healthy donors under Good Manufacturing Practice-compliant
manufacturing, and with modified treatment regimen, i.e. doses
and frequencies, are warranted for further investigation to show
the potential of ZNK cells in such patients.

Natural killer (NK) cells play a crucial role in the innate
immune response and play a key role in immunological defense
against various diseases, including infections and malignancies
(1). Recently, NK cells have been shown to express a large
number of activating and inhibitory receptors [killer cell
immunoglobulin-like receptors (KIRs)] (2-4). As a consequence
of signaling via these receptors, NK cells are capable of a
spontaneous major histocompatibility complex (MHC)-
unrestricted cytotoxic response (5). Thus, due to their key role
in the initial immune response, as well as their rapid effects and
absence of pre-immunization, an increasing number of studies
have focused on NK cell-based cancer immunotherapy (6).

Initial clinical research on cell-based adoptive
immunotherapy against advanced malignancies, conducted from
the mid 1980s to early 1990s, extensively examined
lymphokine-activated killer cells, consisting principally of
activated T-lymphocytes and with a relatively small number of
NK cell studies (7, 8). However, a good clinical outcome was
not demonstrated for these treatments in several well-controlled
clinical trials (9, 10). Subsequently, it has been widely accepted
that ex vivo manipulation of pure and activated NK cells
represent a good candidate basis for cellular therapy due to the
critical role of NK cells in tumor progression (11), and the
impaired activity or reduced number of NK cells in patients
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with advanced malignant disease (12-18). Despite this, the
clinical responses observed in these studies have been
unsatisfactory, and the development of NK cell-based
immunotherapeutics has been delayed due to practical
difficulties in producing highly purified and activated NK cell
populations. The use of CD56-positive selection, with or
without CD3-depletion/CD3-suppression, followed by
interleukin-2 (IL2)/IL15 stimulation has been suggested as an
appropriate method for the ex vivo expansion and activation of
NK cells, while in some cases, virus-infected feeder cells have
been used to obtain highly activated NK cells. However, early
studies demonstrated relatively low cytolysis, and these methods
are still relatively complex and remain in development. 

Recently, we established a novel and simple technique –
ideally, a feeder-free method – for expanding highly
activated and purified NK cells (19). We found that CD3
depletion, high-dose IL2, and use of a specific culture
medium were sufficient to obtain the highly purified (>90%),
expanded (>200-fold), and activated CD3−/CD56+ NK cells
from peripheral blood mononuclear cells (PBMCs); we
named these cells zenithal-NK (ZNK) cells. Almost all ZNK
cells expressed the lymphocyte-activated marker CD69 and
showed high expression of activation receptors [i.e. natural
killer group 2, member D (NKG2D)], interferon-γ, perforin,
and granzyme B. Importantly, in co-culture with K562 cells,
only 2 hours of action at an effector/target ratio of 1:1 was
sufficient to kill almost all K562 cells; this killing activity
was also replicated in tumor-bearing mice in vivo. Cytotoxic
activity was specific for various human tumor cells (colon
cancer: DLD-1 and SW620; prostate cancer: PC3; poorly
differentiated lung adenocarcinoma: PC14; and large cell
lung cancer: LU99), but not for normal cells (human
umbilical cord endothelial cells, and MRC5 fibroblast cell
line), irrespective of MHC class I expression. Taken together,
these results suggest that this method can maximize the
theoretical activation potential of NK cells.

Here, we conducted a phase I/IIa clinical study of ZNK
cell-based immunotherapy for patients with cancer. The aim
of this first-in-human clinical trial was to assess the safety
and feasibility of this novel cellular therapeutic modality, as
well as to examine the maximum tolerable dosage of ZNK
cells and possible antitumor effects. The cellular kinetics of
infused ZNK cells in vivo were also assessed.

Patients and Methods
Study design and ethics statement. This phase I/IIa first-in-human,
open-label study was conducted between April 23, 2013 and December
6, 2019. The primary objectives of the study were to evaluate the safety,
tolerability and feasibility, and to identify the maximum tolerated dose
of ZNK cell immunotherapy for the treatment of advanced cancer. The
secondary objective was to evaluate the preliminary activity of ZNK
cell immunotherapy and the cellular kinetics of infused ZNK cells in
vivo. The data cut-off was July 31, 2019.

The study was performed in accordance with the International
Conference on Harmonization Good Clinical Practices guidelines
and the Declaration of Helsinki. Written informed consent was
obtained from all patients prior to participation in any study-related
procedures. This study was approved by the Ethics Committee of
Nagasaki University School of Medicine (approval number:
12121781). According to the Act on the Safety of Regenerative
Medicine in Japan that was enforced on November 25, 2014, Class
III technologies are regarded as low risk since they use somatic cells
with accumulated clinical experiences. Thus, the ZNK cellular
therapy (Class III technology) at the Nagasaki University was
approved on November 25, 2015 (approval number: PC7150136).
All procedures performed in this study were in accordance with the
Ethical Guidelines for Medical and Health Research involving
Human Subjects proposed by the Ministry of Health, Labor, and
Welfare in Japan [http://www.mhlw.go.jp/file/06-Seisakujouhou-
10600000-Daijinkanboukouseikagakuka/0000080278.pdf (2015)].
The trial was registered with the University Hospital Medical
Information Network (UMIN) Clinical Trials Registry
(http://www.umin.ac.jp/ctr/ number: UMIN-000011555).

Expansion of autologous ex vivo ZNK cells. ZNK cells were
prepared by experienced technical staff in the Cell Processing
Facility under the standard operating procedure compliant with the
Good Gene, Cellular, and Tissue-based Product Manufacturing
Practice. The novel method for expanding autologous NK cells ex
vivo was carried out in accordance with the previous report (19). On
the day the culture was started (day 0), 32 ml of peripheral blood
was collected from the patient. PBMCs were isolated by gradient
centrifugation using Ficoll-Paque PLUS (GE Healthcare, Uppsala,
Sweden), and washed twice with phosphate-buffered saline (PBS)
containing 2% FBS and 1 mM ethylenediaminetetra-acetic acid.
CD3-depleted PBMCs (CD3−PBMCs) were obtained using
Dynabeads CD3 (Invitrogen Dynal AS, Oslo, Norway), and were
suspended at 5×105 cells/ml in KBM-501 culture media (Kohjin Bio
co. Ltd., Sakado, Japan) containing a high level of IL2 (2,813
IU/ml) and 5% normal human serum AB, and cultured for 14 days.
Fresh culture medium was added on days 5 and 9, and the cell
density was adjusted to 5×105 cells/ml. On day 14, the cells were
collected and suspended in 100 ml lactated of lactated Ringer’s
solution with 5% albumin to prepare ZNK cells. To confirm the
immunophenotype of the prepared ZNK cells, expression of
CD3/CD56 and CD69 was measured by flow cytometry with the
following fluorescein isothiocyanate, phycoerythrin, or
allophycocyanin-conjugated monoclonal antibodies: CD3, CD56,
and CD69, respectively (R&D Systems, Minneapolis, MN, USA).
Appropriate conjugated isotype-matched IgG antibodies were used
as controls. Cells were analyzed using a FACScalibur (Becton
Dickinson, Franklin Lakes, NJ, USA) with FlowJo 7.6 software
(Tree Star Inc., Ashland, OR, USA).

Criteria for ZNK cell release. The following criteria were required
for administration of ZNK cells: >80% viability; negative for
sterility test at days 0 and 14; endotoxin ≤0.05 EU/ml on days 5 and
14; negative for mycoplasma on days 5 and 14; and negative for
Gram stain test on day 14. The bacterial endotoxin test and Gram
stain test were performed immediately before administration, and
sterility testing and mycoplasma testing were performed as a
retrospective analysis. The concentration of residual IL2 in the final
solution was measured.
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Characteristics of infused ZNK cells. Peripheral blood was
collected immediately before and after ZNK cell administration (at
the end of administration, and 3, 6, and 24 hours after admission),
and the proportion of CD3−/CD56+ and CD69+ cells were
examined by flow cytometry to confirm in vivo cellular kinetics of
administered ZNK cells.

A cytolytic assay was carried out for the evaluation of the cell-
mediated cytotoxicity of ZNK cells, in accordance with the previous
report (19). Briefly, ZNK cells cultivated for 14 days were used as
effector cells. K562 target cells were labeled with 3,3’-
dioctadecyloxacarbocyanine perchlorate (DiOC18, final
concentration: 0.01 mM; Sigma-Aldrich, St. Louis, MO, USA) for
10 min at 37˚C and 5% CO2. Effector cells were co-cultured with
target cells at a ratio of 1:1 in a 2-methacryloyloxyethyl
phosphorylcholine-treated 96-well round-bottom microplate for 2
hours at 37˚C and 5% CO2. The cells were labeled with 7-amino-
actinomycin D (final concentration: 5 μg/ml; Sigma-Aldrich) for 10
min at room temperature. The cells were washed, resuspended in
PBS, and immediately analyzed by flow cytometry.

Patient selection and baseline assessment. The inclusion criteria
were as follows: the Αge 20 and 75 years; histologically or
cytologically proven solid cancer with Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0 to 1;
previously received one or more line of therapeutic regimens;
leukocyte count ≥3,000/μl, neutrophil count ≥1,500/μl, platelet
count ≥80,000/μl, hemoglobin ≥9.0 g/dl, serum creatinine ≤1.5
mg/dl, serum bilirubin ≤2.5 × the upper limit of the institutional
normal range, serum alanine aminotransferase and aspartate
aminotransferase ≤2.5 × upper limit of the institutional normal
range, and no pathological abnormality on electrocardiogram.
Women who were pregnant or lactating were excluded from the
study. Other exclusion criteria included patients with hematological
malignancy, uncontrolled heart disease, interstitial pneumonia,
active infection, renal disease, liver disease and/or diabetes,
positivity for the hepatitis B or C virus, HIV, autoimmune diseases
or treatment with immunosuppressive drugs, massive pleural
effusion, symptomatic brain metastasis, active concomitant
malignancy, and past history of allergic symptoms. 

Treatment regimen. Figure 1 shows the schema of the treatment
schedule. ZNK cells were administered as a 60-minute intravenous
infusion once every 2 weeks, followed by a 2-week treatment-free
period. This treatment was repeated unless the general condition
worsened or adverse events (AEs) that made continuation of
treatment difficult were observed. A maximum of six cycles were
allowed. In the dose-escalation part of the study, the number of cells
to be administered was 106 cells/patient for the first time, 107
cells/patient for the second time, and in principle 108 cells/patient
from the third time onwards in every case.

Regarding dose-limiting toxicity (DLT), AEs that resulted in
discontinuation of treatment were as follows: The occurrence of
death due to causes other than tumor progression, permanent or
significant disability, organ dysfunction, disease that likely to lead
to death or disability, hospitalization, or extension of the
hospitalization period for treatment. We made the provision that
the study would be terminated if DLT occurred in two patients at
the first dose level. If DLT occurred in two patients at the second
dose level, we made the provisions that the maximum tolerated
dose of ZNK cells would be determined to be 106 cells/dose, and

106 cells/dose would be continued for the subsequent
administration, with the same applied to the subsequent cases. If
DLT occurred in two patients after the third dose level, we made
the provision that the maximum tolerated dose would be deemed
107 cells/dose, and subsequent administration would be continued
at 107 cells/dose. If no DLT occurred after the third dose level,
we made the provision that the maximum tolerated dose would
be 108 cells/dose or more, and the entire dose would be
administered as much as possible. However, even in such cases,
the maximum dose should not exceed 2×108 cells/dose. If the
number of initially prepared ZNK cells was less than 1×106 cells,
study of the relevant case was discontinued. If the prescribed
number of cells was achieved for the second and subsequent
administrations, the test was continued by administering the entire
number of the obtained cells. In the event of non-hematological
grade 3-4 AEs, the decision to remove the patient from the study
was at the investigator’s discretion.

From the point of obtaining informed consent until the end of the
treatment, initiation of new treatments for cancer other than the
ZNK cell administration was not allowed. However, continuation of
the treatment in progress was permitted without changing the
dosage schedule until the time of the registration unless there was
a particular reason for discontinuation. Supportive therapy, such as
blood transfusion, antibiotics, granulocyte colony stimulating factor
administration, at the time of the onset of infection was allowed.

Assessment of outcomes. The analysis of target populations were as
follows: i) The maximum analysis target group: Excluded cases that
were never administered ZNK cells. ii) DLT analysis target cases:
cases for which administration was discontinued or where a serious
violation during the observation period of DLT was observed were
excluded from the maximum analysis target population. However,
cases for which administration was discontinued, or where serious
violations were observed after the onset of DLT were included in
the DLT analysis cases. iii) Survival analysis cases: the maximum
analysis population. iv) Cases subject to analysis until exacerbation,
the maximum population to be analyzed. v) Safety analysis target
population: the maximum analysis target population. vi) The
analysis target group of the response rate/control rate, cases with
measurable lesions in the maximum analysis target group. 

At the time of administration of ZNK cells, and immediately
after the administration, the patient’s symptoms, body temperature,
blood pressure, pulse rate, and PS were evaluated by patient
interview and physical examination. Furthermore, the blood cell
count and measurements of liver and renal function were assessed
at the same time. Toxicity was described according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0 (20). 

Tumorous lesions were evaluated by imaging examination 4
weeks after the final administration date and every 3 months until
progressive disease (PD). Assessment of the tumor for response to
treatment was performed by various imaging modalities (e.g.
computed tomography). Unidirectional measurements were adopted
on the basis of the Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1) (21). Complete response (CR) was defined
as the disappearance of all tumor indications; partial response (PR)
was defined as an estimated decrease of ≥30% in tumor size, and
PD was defined as the appearance of any new tumor lesions or an
increase ≥20% in the size of existing tumor lesions. When responses
did not qualify as CR, PR, or PD, they were reported as stable
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disease (SD). Overall survival was evaluated for the period from the
date of the first administration of ZNK cells to the date of death.
Progression-free survival was defined as the time to when PD was
judged by RECIST or the day of death, whichever was shorter.
RECIST was judged 4 weeks after the final administration. In cases
where the overall effect was other than PD, RECIST evaluation was
performed again 3 months later; this process was repeated until the
overall judgment became PD. 

Statistical analysis. Safety data were summarized using descriptive
statistics. All data were expressed as the mean±SEM, and were
evaluated by paired t-test or Mann–Whitney test, as appropriate. A
probability value of p<0.05 was considered statistically significant.

Results
Baseline demographics and clinical characteristics. As of
April 20, 2017, a total of 9 patients were enrolled in the

current study. The baseline demographics and clinical
characteristics are presented in Table I. The diagnoses were
as follows: Four patients with colonic cancer, two patients
with adenocystic carcinoma, and one patient each with renal,
pancreatic, and ovarian cancer. Case 4, with ovarian cancer,
entered the study for the second time as case 10 after
completing the defined observation period of the first
treatment program. All patients were evaluated at disease
stage III or IV at diagnosis. In all cases, chemotherapy,
radiation therapy, or dendritic cell (DC) immunotherapy had
been carried out previously. Cases 1 and 9 had recurrence
after the first surgery, and in case 6, only DC immunotherapy
was performed. All cases had metastatic lesions at various
sites. The median age of the patients was 61 (range=22-61)
years, and six (60.0%) and four (40.0%) cases had an ECOG
PS of 1 and 0, respectively. 
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Figure 1. Schema of the treatment schedule. ZNK: Zenithal natural killer cells.

Table I. Clinical characteristics of registered cases.

Patient        Age,       Gender                    Diagnosis                         Metastatic lesion                                         Prior therapy                                  PS
no.               years

1                    73              M                  Pancreatic cancer                    LN, peritoneum                              Resection, GEM, TS-1, DC                        1
2                    55               F                     Colonic cancer                     Liver, lung, bone                                        FOLFIRI+BV                                   1
3                    48              M                    Colonic cancer                     Liver, lung, bone                                        FOLFIRI+BV                                   1
4                    61               F                     Ovarian cancer                   Liver, pericardium,                            Resection, TC, CPT-P, DC                         0
                                                                                                             peritoneum, lung
5                    68               F                     Colonic cancer                               Lung                                     Resection, XELOX, UFT, DC                      0
6                    48               F              Adenocystic carcinoma                   Lung, bone                                                      DC                                            1
7                    67               F              Adenocystic carcinoma                     LN, lung                                              PEIT, CDDPIA                                  1
8                    22              M                    Renal sarcoma                     Liver, peritoneum                  VDC, ICE, IFO+Mel+PBSCT, radiation             1
9                    73              M                    Colonic cancer                          Lung, bone                    Resection, UFT, radiation, XELOX+BV, DC          0
10                  63               F                     Ovarian cancer                   Liver, pericardium,                      Resection, TC, CPT-P, etoposide,                  0
                                                                                                             peritoneum, lung                                       RFA, DC, ZNK

CDDPIA: Intra-arterial injection of cisplatin; CPT-P: cisplatin+irinotecan; DC: dendritic cell therapy; F: female; FOLFIRI+BV: combination regimen
of fluorouracil+ levoleucovorin+irinotecan+bevacizumab; GEM: gemcitabine; ICE: ifosfamide+cisplatin+etoposide; IFO: ifosfamide; LN: lymph
node; M: male; Mel: melphalan; PBSCT: peripheral blood stem cell transplantation; PEIT: percutaneous ethanol injection therapy; RFA:
radiofrequency ablation; TC: paclitaxel+carboplatin; TS-1: tegafur/gimeracil/oteracil; UFT: tegafur/uracil; VDC: vincristine+doxorubicin+
cyclophosophamide; XELOX: capecitabine+oxaliplatin. Patient 10: Same patient as patient 4 after regrowth of tumor.



Preparation and infusion feasibility of ZNK cells. The profile
of the cells prepared in this study is summarized in Table II
and III. In seven out of 10 cases, ZNK cells were prepared
six times. In cases 1 and 8, the administration had to be
discontinued due to deterioration of the patients’ general
condition; thus, the preparation was limited to three times in
both cases, and the cells were administered twice and three
times, respectively. One case had to be discontinued after the
fifth administration due to technical reasons (case 5). Among
nine cases that were administered ZNK wells three times or
more, the number of prepared cells after the third
administration did not exceed 108 cells in five cases (cases
2, 3, 6, 7, and 8); therefore four cases in total were
administered 108 ZNK cells in each round (cases 4, 5, 9, and
10). The total number of ZNK cells administered in each
case was in the range of 1.1×107 to 71.1×107 cells, and the
maximum planned total number of administered cells,
71.1×107 cells, was able to be administered in three cases
without any DLT.

Characteristics and kinetics of infused ZNK cells. The
characteristics of the prepared and infused ZNK cells are
summarized in Table II and Figure 2. The total number of
mononuclear cells obtained on the day of culture was in the
range of 0.54±0.28×107 to 2.79±0.53×107 cells. The total
number of cells on the 14th day of culture was 4.24±1.55×107
to 44.0±11.0×107 cells, and was different between cases. The
depletion of CD3+ mononuclear cells (MNCs) at the start of
culture was successful in almost all cultures. The ratio of
CD3−CD56+CD69+ activated ZNK cells on day 14 was more
than 85% in eight cases but lower in cases 1 and 2 than in the
other cases (76.6% and 76.1%, respectively) (Table II, Figure
3A). The results of the killing assay targeting K562 cells for
each case were in the range of 24.1%±23.0% to 84.4%±1.33%;
and even within the same case, there was variation among
cultures (Figure 3B and C). Furthermore, we assessed the in
vivo kinetics of CD3−CD56+CD69+ activated ZNK cells. As
shown in Figure 4A, there was variation among cases and
between cultures. We compared the ratio of activated ZNK
cells in the total NK cell fraction in vivo immediately before
administration and 24 h after administration for each
administration, and found no significant difference between the
two (paired t-test: p=0.34779) (Figure 4B).

Safety. AEs were reported in a total of seven (70.0%)
patients and are summarized in Table III. The most common
any grade AEs were grade 1 fatigue (n=5, 50.0%) and
anorexia (n=4, 40.0%); in these cases, chemotherapeutics
were in use before the start of the study program and no new
drugs were added. Moreover, these symptoms were not
associated with the number of ZNK cells administered.
Therefore, these AEs were considered to be mainly due to
exacerbation of the underlying disease. In case 2, grade 1

fever was observed for a few days from several hours after
administration, and symptomatic treatment was temporarily
required but the symptoms resolved. Moreover, the degree
of fever was the same at all six administrations, regardless
of the number of cells administered. Furthermore, we
suspected the involvement of residual cytokines and
chemokines in the administered cell products and measured
IL8, IL6, IL10, IL1β, TNFα, IL12p70, and IL2 using the
final cell washing supernatant, final preparation supernatant,
and ZNK cell lysate generated in the cell preparation process
of case 2. As a result, only IL8 and IL1β in the cell washing
supernatant exceeded the detection limit of 20 pg/ml, and no
significant inflammatory substance remained in the
preparation. In case 4, a grade 1 skin rash appeared locally
6 to 7 hours after the administration and was observed over
several days, then disappeared spontaneously without the
need for treatment. Interestingly, the skin symptoms did not
return in this patient during the second program. Thus, the
symptoms in these two cases (cases 2 and 4) were considered
to be associated with ZNK cell treatment. There were no
cases with hematological AEs. 

Overall, no grade 2 or higher CTCAE v5.0 toxicities
associated with ZNK cell administration were found, and
none of the patients reported an AE that led to
discontinuation of ZNK cell treatment. Furthermore, the
number of administered ZNK cells were increased to 108
cells/patient without any serious DLT in four cases. 

Preliminary efficacy. The clinical response of the enrolled
cases is summarized in Table IV. All patients were evaluable
for the efficacy endpoint, and there were no cases of CR.
One case (case 4) had the best overall response of PR
(10.0%), with reduction in size of metastatic pulmonary
lesions, three cases had SD (cases 5, 8, and 10; 30.0%), and
six cases (60.0%) had PD; therefore, the overall disease
control rate was 40.0% (four out of 10 cases in total). The
duration of response until SD in the other two cases (case 5
and 8) ranged from approximately 1 to 11 months, and the
median duration of response was 4 months. As for case 4
who was the same patient as case 10, after the observation
period of the first program, the patient demonstrated PD and
needed salvage treatment. This patient had remained alive
for at least 4 years after the first enrollment in this protocol
after achieving PR again by the second program.

In seven out of 10 cases, ZNK cells were administered six
times. In two patients who demonstrated PD during the
administration period, cases 1 and 8, administration had to
be discontinued twice and three times, respectively. In
discussion at the supervising Data Safety and Monitoring
Board, the exacerbation of primary disease was found to
have a clear impact on the prognosis in these two cases;
therefore, a causal relationship between the study protocol
and the death of these two cases was rejected. 
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Figure 2. Representative dot plot flow cytometric analysis of zenithal natural killer (ZNK) cells. A: The magnetic bead method was highly efficient
at depleting CD3+ lymphocytes from day 0 peripheral blood mononuclear cells (PBMCs). B: CD3−CD56+CD16+CD69+ highly activated ZNK
cells were expanded on culture day 14. The CD3−CD56+ fraction was defined as ZNK cells, with a purity of 96.6%. A total of 85.2% and 43.7% of
ZNK cells were positive for CD69 and CD16, respectively.



Discussion

This phase I/IIa study represents the first-in-human trial of
ZNK cell-based immunotherapy using a novel preparation
technology in patients with advanced or recurrent cancer. The
results demonstrated that ZNK cell infusion was generally safe
and well-tolerated, which was the primary endpoint of this
study. The majority of AEs were consistent with those
expected in patients with cancer who had received prior
chemotherapy and experienced underlying disease
progression. It was considered that fever and skin rash were

associated with exposure to ZNK cells; these symptoms were
experienced by two patients in whom they were transient and
manageable with symptomatic treatment without any delay to
their treatment schedule. Furthermore, the appearance and
degree of these symptoms did not correlate with the number
of administered ZNK cells, and no DLT was observed in the
four cases in which 108 ZNK cells were administered per
dose. Due to the limited sample numbers and methodological
limitations, it was not possible to clarify whether the
difference in the dosage of administered cells affected the
clinical usefulness and in vivo kinetics of ZNK cells. However,
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Table II. Production and administration profile of zenithal natural killer cells. 

                                                                              Day 0                                                                               Day 14

                                                                                   T-Cell frequency (%)                                                                Cultured cells

Patient      Number of       Total starting       Before CD3+       After CD3+           Total cells       CD3−CD56+CD69+        Viability              Killing
no.             preparations        cell number        cell depletion      cell depletion       (×107 cells)                cells (%)                      (%)              activity (%)
                                             (×107 celIs)

1                         3                   2.25±0.50              56.0±7.92            1.20±1.10           4.49±2.64                76.6±12.2               98.2±1.65          24.1±23.0
2                         6                   0.89±0.23              65.3±8.67            1.15±1.55           4.24±1.55                76.1±19.3               97.6±0.80          58.1±12.3
3                         6                   0.54±0.28              58.6±0.54            0.90±0.54           4.31±1.61                96.2±1.66               97.0±0.91          50.4±10.2
4                         6                   1.73±0.58              69.8±2.99            0.25±0.20           44.0±11.0                94.3±2.61               95.8±1.27          60.4±11.2
5                         5                   2.01±0.59              60.6±4.62            0.23±0.14           22.4±9.60                86.6±4.10               96.4±1.58          67.1±8.40
6                         6                   1.19±0.33              34.0±5.30            0.55±0.25           5.52±2.65                99.9±0.09               96.0±1.15          84.4±1.33
7                         6                   2.37±0.43              49.8±0.22            0.40±0.22           12.1±17.6                94.6±3.28               94.8±1.72          69.6±11.3
8                         3                   2.79±0.53              34.0±9.65            0.43±0.33           33.7±14.2                96.8±0.97               96.6±1.51          48.4±11.1
9                         6                   2.21±0.48              49.7±3.94            0.80±0.65           39.6±9.63                90.2±4.24               92.8±2.12          39.4±10.2
10                       6                   2.28±0.74                    nd                        nd                 32.7±10.3                96.5±1.55               94.2±2.01                nd

Killing activity of ZNK cells: The results are expressed as the percentage of specific lysis using the following formula: (% of target cell lysis in the
test − % of spontaneous cell death)/(% of maximum lysis − % of spontaneous cell death)×100. nd: No data.  

Table III. Clinical response to zenithal natural killer (ZNK) cells.

Patient             No. of              Total cells                                  Adverse                                  Concomitant          Best overall         PFS         OS (days)/
no.            administrations     administered                                  events                                        therapy                 response          (days)          status*
                                                (×107 cells)

1                           2                          1.1                 Fatigue, anorexia, liver dysfunction            TS-1+GEM                  PD                  54               73/D
2                           6                       18.8                                          Fever                                   FOLFIRI+BV                PD                  70               83/D
3                           6                       17.5                           Fatigue, anorexia, pain                     FOLFIRI+BV                PD                  57              113/D
4                           6                       71.1                                      Skin rash                                    Etoposide                   PR                243           >1,491/A
5                           4                       31.1                                          None                                        UFT+CF                    SD                273              361/D
6                           6                        27                                   Fatigue, anorexia                                 None                       PD                  43              170/D
7                           6                       15.2                                          None                                           None                       SD                194              269/D
8                           3                        11.1                 Fatigue, anorexia, liver dysfunction              Pazopanib                   PD                  29               52/D
9                           6                       71.1                                        Fatigue                                         None                       PD                114              221/D
10                         6                       71.1                                          None                                       Etoposide                   SD                268             >526/A

A: Alive; D: dead; FOLFIRI+BV: combination regimen of fluorouracil+ levoleucovorin+irinotecan+bevacizumab; GEM: gemcitabine; OS: overall
survival; PD: progressive disease; PFS: progression-free survival; SD: stable disease; TS-1: tegafur/gimeracil/oteracil; UFT: tegafur/uracil; CF:
calcium folinate. *At study endpoint.
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Figure 3. Continued



we concluded that the dose regimen of 108 cells/patient/dose
exhibited a tolerable safety profile while reaching exposure
levels predicted by preclinical studies to be in the efficacious
range. Taken together, the 108 cells/patient/dose was
considered to be appropriate for use in future ZNK cell
immunotherapy studies in patients with cancer. 

In our previous basic research (19), we found that this
method can expand activated CD3−/CD56+ NK cells from
PBMCs up to 200-fold, so that it was possible to obtain 108
to 109 ZNK cells from approximately 30 ml of peripheral
blood, which included 106 to 107 MNCs. Furthermore, in a
pilot study of ZNK cell preparation using peripheral blood
from healthy volunteer donors, the residual CD3+ cell rate
and the starting cell number on day 0 were 0.185% to
1.278% and 1.0×106 to 1.5×106, respectively. In addition, the
total viable cell number, ratio of activated NK cells and
cytotoxic activity to K562 cells on day 14 were 8.16×106 to
13.8×106, 87.6-98.3%, and 79.2-87.7%, respectively (n=4,
data not shown). In the present study, the number of prepared
cells reached 108 cells in four out of the 10 cases in which

it was possible to prepare cells three or more times (cases 4,
5, 9, and 10), and did not reach 108 cells until the sixth
administration in four out of the seven cases in whom the
administration was completed six times (cases 2, 3, 6, and
7). Although the viability of ZNK cells on day 14 of culture
was high (92.8% to 98.2%), the ratio of CD3−CD56+CD69+
activated NK cells was below 80% on average in case 1 and
case 2. Only in case 6 did the killing activity against K562
cells exceeded 80% on average, and the variability among
the cultures in each case was larger than that in healthy
individuals. The number of cells cultured on day 0 was
0.54×107 to 2.79×107, and the depletion of CD3+ cells was
sufficiently low with a CD3+ residual rate of 0.23% to 1.20%
after treatment. These results indicate that the immunological
background of patients with cancer may explain the
insufficient harvest and impaired function of ZNK cells. 

Recent studies have revealed that cancer cells have diverse
strategies for escaping recognition and elimination by NK
cells and triggering disease progression and metastasis. Such
features encompass the up-regulation of NK cell-inhibitory
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Figure 3. Characterization of zenithal natural killer (ZNK) cells on day 14. A: Proportion of activated ZNK cells in each case. The highly activated
NK-cell phenotype (CD3−CD56+CD16+CD69+) was analyzed by flow cytometry. Dots indicate cultivated ZNK cell product, and horizontal bars
indicate the mean frequency for each case. B: Representative analysis of the killing activity assay. The DIOC18-labeled K562 cells and the cultured
ZNK cells were co-cultured at 1:1 for 2 hours, and the cytotoxic activity was measured. The dot plot of each row indicates spontaneous cell death,
target cell lysis in the test, and maximum lysis, respectively, from left to right. The results are expressed as the percentage of specific lysis using the
following formula: (% of target cell lysis in the test − % of spontaneous cell death)/(% of maximum lysis − % of spontaneous cell death) ×100. In
this case, spontaneous cell death, target cell lysis in the test, and maximum lysis were 3.61%, 57.0%, and 98.4%, respectively, such that the cytotoxic
activity was 58.3%. C: Cytotoxic activity of ZNK cells in each case. Dots indicate cultivated ZNK cell product, and a horizontal bar indicates the
mean frequency for each case.
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Figure 4. In vivo kinetics of zenithal natural killer (ZNK) cells. The highly activated NK-cell phenotype (CD3−CD56+CD16+CD69+) was analyzed
by flow cytometry and the results were expressed as the percentage of CD3−CD56+ peripheral blood mononuclear cells (PBMCs). A: Representative
chronological change in ZNK cell numbers in four cases. B: Comparative data of ZNK cell frequency in vivo between immediately before
administration and 24 hours later. No significant difference was found between the two groups (paired t-test: p=0.34779).



receptor (NKIR) ligands such as programmed death receptor-
1 (22) and human leukocyte antigen (HLA-G) (23), or the
down-regulation of CD95 (24) and NK cell-activating
receptor (NKAR) ligands (25). Furthermore, progressing
cancer cells secrete various mediators that inhibit immune
surveillance by NK cells. For example, soluble variants of
NKG2D (26) and NKp30 ligands (27) act as molecular
decoys and trigger down-regulation of NKAR; this process
is also associated with cancer metastasis by excessive
activation of metalloproteinases (28). There are also reports
that these soluble variants of NKAR ligands are associated
with disease progression and poor prognosis (29, 30). This
mechanism can cause functional exhaustion of NK cells that
is associated with chronic NKG2D signaling in cancer-
bearing patients. Moreover, IL10 (31) and transforming
growth factor-β1 (32) have been shown to inhibit the

cytotoxic activity of NK cells and recruit immune cells that
inhibit NK cell effector functions, such as regulatory T-cells
(33), myeloid-derived suppressor cells (34), indoleamine 2,3-
dioxygenase-1 expressing DC (35), and CD11b+ lymphocyte
antigen 6 complex locus G (Ly6G)+ neutrophils (36), into the
tumor microenvironment. It has also been shown that tumor-
infiltrating and circulating NK cells of patients with cancer
display reduced levels of NKAR/elevated levels of NKIR
compared to NK cells of healthy donors, both of which are
associated with metastatic disease (37). Although it is
unclear how these findings influence the expansion and
activation of NK cells ex vivo, it is considered likely that
lymphocytes are persistently affected by various pathological
immune-modulatory signaling in patients with advanced
cancer. This persistent stimulation may lead to functional
changes, which might represent an important area of
investigation in the development of future NK cell
therapeutic strategies.

We observed the proportion of CD3−/CD56+ and CD69+
cells in peripheral blood overtime to clarify the in vivo
pharmacokinetics of ZNK cells after administration.
However, the results varied depending on the case, and few
cases showed a significant increase in the NK cell fraction.
The possible causes of this phenomenon are as follows: i)
The expression of CD69 was weakened relatively quickly
after administration because the ZNK cells administered
were autologous, ii) the number of administered cells was so
small that it could not be detected as a quantitative change
in comparison with the circulating blood volume, iii) since
it was revealed that ZNK cells rapidly infiltrate solid tumors
in a CCL20/CCR6-dependent manner within one day, many
ZNK cells had already localized to the tumor tissue if the
tumor cells expressed CCL20.

In this first-in-human study, ZNK cell treatment
demonstrated activity in patients with various types of
advanced stage cancer, with four out of 10 patients achieving
a controlled disease status. The duration of response ranged
from approximately 1-16 months, and the median duration
of response was 3.3 months. However, we cannot comment
on the clinical efficacy of the ZNK cell protocol in advanced
cancer because of the limited number of cases. Although
several novel methods for ex vivo production of autologous
peripheral blood-derived NK cells have been proposed, as
well as several clinical trials to determine their efficacy, so
far only limited effects have been observed on tumor
suppression (6). Although a higher single dose was set in
previous studies (108 to 1010 cells) than in the current study,
since the methods of expanding and stimulating NK activity
were different, the purity and cytotoxicity of the activated
NK cells were diverse. Thus, it is not possible to discuss the
antitumor performance of ZNK cells simply by comparing
the number of administered cells with the results of other
clinical studies.
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Table IV. Adverse events profile of zenithal natural killer (ZNK) cells
(number of patients). 

                                                                       CTCAE grade

                                                     1                 2                3                 4

Hematological                             0                 0                0                 0
Leukocytopenia                         0                 0                0                 0
Neutropenia                               0                 0                0                 0
Anemia                                      0                 0                0                 0
Thrombocytopenia                    0                 0                0                 0

Non-hematological                      0                 0                0                 0
Fatigue                                       5                 0                0                 0
Nausea                                       0                 0                0                 0
Diarrhea                                     0                 0                0                 0
Constipation                              0                 0                0                 0
Anorexia                                    4                 0                0                 0
Pain                                            1                 0                0                 0
Hypertension                             0                 0                0                 0
Stomatitis                                   0                 0                0                 0
Hematuria                                  0                 0                0                 0
Pollakiuria                                 0                 0                0                 0
Micturition pain                        0                 0                0                 0
Hand–foot syndrome                0                 0                0                 0
Fever                                          1                 0                0                 0
Skin eruption                             1                 0                0                 0
AST elevation                           2                 0                0                 0
ALT elevation                            2                 0                0                 0
γGTP elevation                         2                 0                0                 0
BUN elevation                          0                 0                0                 0
Creatinine elevation                  0                 0                0                 0
UA elevation                             0                 0                0                 0
Hypoalbuminemia                     0                 0                0                 0
Hyperkalemia                            0                 0                0                 0
Hypokalemia                             0                 0                0                 0
Hyponatremia                            0                 0                0                 0

AST: Aspartate transaminase; ALT: alanine transaminase; γGTP: γ-
glutamyl transpeptidase; BUN: blood urea nitrogen; CTCAE: Common
Terminology Criteria for Adverse Events (20); UA: uric acid.



In recent years, the development of novel modalities of
immunotherapy has been investigated due to the limitations
of autologous peripheral blood-derived NK cell therapy.
These novel treatments have included utilization of
allogeneic NK cells or haploidentical NK cells, development
of chimeric antigen receptor-NK cells (6,38), and
combination of these therapies with agents that can block
NK cell checkpoints (39). It is becoming clear that the
memory NK cell population plays an important role in
persistent immunity to viral infection and tumor cells (40);
thus, combination NK cell therapy with other immuno-
therapeutic modalities warrants further investigation. In our
series, case 4, who was a long-term survivor and was
administered repetitive Wilms tumor gene 1 peptide-pulsed
DCs, showed the enhancement of delayed skin reaction with
DC administration after the first course of ZNK cell
administration. Our previous report indicated that this skin
reaction might be correlated with long-term survival in
patients treated with DCs (41).

Although ZNK cells used in this study were characterized
by high cytotoxic activity (19), the cytotoxic activity and the
number of activated cells produced were variable and
unstable, so that needs to be adjusted before use for each
administration as described above. To stably improve the
effects of this strategy in the future, the following studies
will be necessary: i) Utilization of HLA/KIR-mismatched
allogenic/haploidentical cells that have a proven clinical
effect (42) rather than autologous cells, ii) improvement of
manufacturing technology to stabilize cell activity and
amplification efficiency, iii) optimization of the treatment
regimen by increasing the dosage and/or the frequency of
administration, and iv) development of freeze–thaw
technology that can support off-the-shelf use, since loss of
activity of NK cells after freezing is a major cause of low
versatility (19). Recently, our group succeeded in developing
a novel technology for production of allogeneic NK cells,
named GAIA-102, which cleared all the above points in
parallel with this clinical trial. Good Manufacturing
Practice/Good Gene, Cellular, and Tissue-based Product-
compliant manufacturing is currently underway, and clinical
trials will begin in the summer of 2021 for solid tumors.

In conclusion, we demonstrate that the newly developed
method of autologous ZNK cell expansion can be safely
administered to patients with advanced cancer in this first-
in-human clinical trial. We believe that ZNK cells produced
with our simple feeder-free culture method to obtain a near-
fully activated line of human NK cells from PBMCs can
open up new horizons for the development of novel
strategies for cancer treatment.
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