
Phase I study of cellular therapy using ex vivo
expanded natural killer cells from autologous 
peripheral blood mononuclear cells combined with
rituximab-containing chemotherapy for relapsed
CD20-positive malignant lymphoma patients    

Natural killer (NK) cells can be isolated from peripheral
blood and expanded using cytokines in vitro in autologous
and allogeneic settings as adoptive immunotherapy for
hematologic malignancies and solid cancers.1-5 We have
reported an effective in vitro NK-cell expansion method
using cytokines without feeder cells.6-8 In addition, NK
cells kill target cells by antibody-dependent cellular cyto-
toxicity (ADCC) in which an antibody such as an anti-
CD20 monoclonal antibody (rituximab) crosslinks to the
Fc receptor (CD16) on NK cells.9,10 Therefore, we have
conducted a phase I study of therapy using ex vivo
expanded auto-NK cells from patients’ peripheral blood
mononuclear cells (PBMC) combined with rituximab-
containing chemotherapy for relapsed CD20-positive
malignant lymphoma patients.   
Patients with relapsed or refractory CD20-positive

malignant lymphoma in whom prior standard
chemotherapy had failed were enrolled in this study.
Eligibility criteria included age between 20 and 80 years,
Eastern Cooperative Oncology Group (ECOG) perform-
ance status of not more than 3, expected life span of
more than three months, and absence of severe active
infection or severe organ dysfunction.  This study was an

open label, non-randomized phase I clinical trial with
dose escalation of NK cells.  The primary end point was
evaluation of the safety of infusion of adoptive NK cells
by our expansion method in vitro. The secondary end
point was clinical response.  This study was approved by
the ethics committee of Tokyo Women’s Medical
University and was registered in the University Hospital
Medical Information Network (UMIN) Clinical Trail
Registry as ID: UMIN000014072.  This study was
designed and conducted in accordance with the
Declaration of Helsinki and the Ethical Guidelines for
Clinical Research (Ministry of Health, Labor and Welfare,
Japan), and was approved by the Certified Committee for
Regenerative Medicine.
Peripheral blood mononuclear cells were obtained

from the peripheral blood (20-50 mL) of each lymphoma
patient. The PBMC (1x106/mL) with IL-15 (10 ng/mL)
(PeproTech Inc., Rocky Hill, NJ, USA), IL-2 (5 ng/mL) 
(R & D Systems, Minneapolis, MN, USA), and anti-CD3
mAb (OKT3, 10-1,000 ng/mL, Janssen Pharmaceutical
Company, Tokyo, Japan) with tacrolimus (0.1 ng/mL,
Fujisawa, Osaka, Japan) and dalteparin sodium (Fragmin,
5-10 U/mL, Pfizer Japan, Tokyo, Japan) in culture medi-
um SCGM (CeeGenix, Freiburg, Germany) that was pro-
duced under good manufacturing practice (GMP) were
cultured with 2.5% auto-serum in a culture bag without
feeder cells for three weeks.7,8 Cell cultures were split
into approximately half and a quarter after 3-4 days of
culture, and fresh medium, cytokines and reagents were
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Table 1. Patients’ characteristics.                             
Case     Age/Sex       Diagnosis      Disease                    Prior                     Treatment            Combined          Treatment            NK            Outcome
                                                       stage                  treatment               after relapse     treatment with          after           cell dose
                                                                                                                                                NK cell               NK cell                

1                 73/F                   FL           Recurrent            CHOP(6), R (4)                    R-B#1                      R-B#2                 R-B #3-#6         1x106/kg          CR (56M)
2                 77/M               DLBCL        Recurrent             R-THPCOP(6)                                                    R-GCD#1           R-GCD#2-#4        1x106/kg          CR (44M)
3                 51/F              DLBCL       Recurrent                R-CHOP(8)                   R-GCD#1#2              R-GCD #3            AutoPBSCT        1x106/kg        CR (47M)                                        
4                 64/M                   FL            Recurrent          R-THPCOP(3), RT               R-B#1#2                    R-B#3                  R-B#4-#6           3x106/kg          CR (46M)

                                                         R-MCOP(6), 
                                                                                        Ibritumomab tiuxetan
5                 68/M               DLBCL        Recurrent       R-CHOP(6), RICE(3)           R-ICE#1#2                R-ICE#3         R-DHAP, R-CMD    3x106/kg        Dead (24M)
                                                                                                  AutoPBSCT                                                                               R-CMOP, RCYVE
6                 70/M               DLBCL        Recurrent            R-CHOP(3), RT              R-CMD#1-#3             R-CMD#4           R-CMD#5,#6       3x106/kg        Dead (10M)
                                                                                       R-MCOP(6), R-GCD(4), 
                                                                                                       R-ICE
7                 55/M                   FL            Recurrent         R-CHOP(8), R(12)              R-B #1-#4                  R-B #5                    R-B#6             10x106/kg         CR (22M)
8                 74/M                   FL            Recurrent            R-CHOP(3), RT                  R-B#1-#4                   R-B #5                    R-B#6             10x106/kg         CR (11M)
9                 72/M               DLBCL        Recurrent                R-CHOP(6)                 RT,R-CHOP#1           R-CHOP#2                 None             10x106/kg          CR (6M)
DLBCL: diffuse large B-cell lymphoma; FL: follicular B-cell lymphoma; B: bendamustine; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; CMD: CPT-11,
mitozantrone, dexamethasone; CR: complete remission; CYVE: Ara-c, etoposide; DHAP: dexamethasone, cisplatin, cytarabine; ICE: ifosfamide, carboplatin, etoposide; GDP:
gemcitabine, dexamethasone, carboplatin; MCOP: mitozantrone, cyclophosphamide, vincristine, prednisone; R: rituximab; RT: radiation therapy; number indicated course
number of therapy.

Table 2. Expansion of natural killer cells from peripheral blood mononuclear cells (PBMC) of lymphoma patient.
                                CD56+CD3− cell              CD56+CD3− cell           CD56+CD3−               CD56+CD3+          CD56−CD3+   Cytolytic activity
                              (Absolute number)           (Fold expansion)                 (%)                           (%)                       (%)                    (%)

Before                                  1.9 ± 0.7                                    NA                           18.4 ± 7.6                       8.5 ± 6.5                  66.8 ± 9.0                    NA
After                                 551.4 ± 420.0                       274.7 ± 143.6                 50.7 ± 19.1                    26.2 ± 11.6              22.5 ± 15.7           58.1 ± 13.1
The absolute numbers indicate CD56+CD3–cells in 1x107  PBMC before culture and in 320 mL of culture medium after 21 days of culture (x106, means ± SD, n=9).  Cytolytic
activity against K562 cells was determined by using a 4 hr 51Cr releasing assay.  NA: not applicable. 



added.  The first three patients, the second three patients,
and the third three patients were infused with 1x106/kg,
3x106/kg and 10x106/kg of patients’ body weight of
expanded auto-CD56+CD3–NK cells, respectively.  When
two patients have developed a non-hematologic grade 4
adverse event within four weeks after infusion in the
cohort, this study should be stopped and the tolerable

cell dose for the previous cohort will be decided as a max-
imum cell dose.  Quality control tests, including tests for
sterility, mycoplasma contamination and endotoxin,
were performed.
Clinical response was assessed with the Response

Evaluation Criteria in Solid Tumor (RECIST version 1.1).
Adverse events were assessed according to the Common
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Figure 1.  Time course profiles of
expanded cells during culture
without feeder cells, expression of
various receptors on expanded
CD56+CD3–natural killer (NK) cells
and on CD56+CD3– NK cells in
patients’ peripheral blood
mononuclear cells (PBMC) before
and after NK-cell infusion. Time
course profiles of CD56+CD3– cells
(NK cells), CD56–CD3+ (T cells)
and CD56+CD3+ cells (NKT cells)
(A) and CD56+NKG2D+,
CD56+CD16+, CD56+CD69+ cells
and CD56+granzyme+ cells (B) dur-
ing expansion using a representa-
tive patient’s PBMC (Case 7).
Proportions of NK receptors on
CD56+CD3– NK cells before expan-
sion (white bars) and after expan-
sion (gray bars).  Inhibitory NK
receptors (C), stimulatory NK cell
receptors (D), activation markers
(E), and others (F).  Proportions of
NK receptors on CD56+CD3– NK
cells in patients’ PBMC before NK-
cell infusion (white bars), seven
days after infusion (gray bars), and
14 days after infusion (black
bars)(G). There were significant
differences between before and
after expansion (%, a=P<0.05;
b=P<0.01. Bars indicate means ±
standard deviation, n=9).
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Terminology Criteria for Adverse Events (CTCAE version
4.0).  The fluorescence intensity of the cells was analyzed
using a Navios Flow Cytometer (Beckman Coulter).  The
cytolytic activities of expanded NK cells were tested
against 51Cr-labeled K562 (an erythroleukemic cell line)
cells.  Statistical analysis was performed using Student 
t-test. 
Patients’ characteristics are shown in Table 1.  Nine

patients were enrolled in this study between August
2014 and October 2018.  Median age was 70 years
(range, 51-77 years).  Four patients had follicular B-cell
lymphoma and five patients had diffuse large B-cell lym-
phoma.  All of the patients had relapsed after multiple
cycles of R-CHOP (rituximab, cyclophosphamide, dox-
orubicin, vincristine, prednisone)-like regimens; all
patients received rituximab-combined salvage
chemotherapy.   Expanded auto-NK cells were infused
intravenously for more than 60 minutes one day after rit-
uximab administration.
The proportion of CD56+CD3–NK cells increased up to

80.5% after three weeks of culture using a representative
patient’s PBMC (Case 7, Figure 1A).  These expanded NK
cells expressed stimulatory NK-cell receptors NKG2D,
CD16, CD69 and intracellular cytotoxic molecule
granzyme (Figure 1B).  Finally, we could obtain
551.4±420.0x106, 274.7±143.6 fold (50.7±19.1%)
CD56+CD3– NK cells from 1x107 unmanipulated PBMC
under GMP conditioned medium with 2.5% patient’s
auto-serum without feeder cells [mean±standard devia-
tion (SD), n=9] (Table 2). These products contained
26.2±11.6% of CD56+CD3+ NKT cells.  The expanded
NK cells had a very high level of cytolytic activity against
the K562 leukemic cell line with specific lysis of more
than 50% (58.1±13.1%, mean ±SD, n=9) under the con-
dition of an effector:target ratio (E:T ratio) of 10:1 (Table
2).  Expanded CD56+CD3– NK cells expressed the same
levels of inhibitory NK receptors (Figure 1C) but
expressed significantly higher levels of stimulatory NK-
cell receptors, including NKp30, NKp46 (Figure 1D) and

activation markers CD25 and CD69 (Figure 1E), and
CD16 (Figure 1F), than the levels of these receptors on
CD56+CD3–NK cells in PBMC before culture were noted.  
The absolute number of CD56-positive cells in patients

was significantly increased two weeks after infusion
compared with that before adoptive transfer of auto-
expanded NK cells (1,045±340, mean±SD, n=9; P<0.01)
(Table 3).  The absolute maximum number of
CD56+CD3– NK cells during a period of two weeks tend-
ed to increase compared with that before NK-cell infu-
sion (216±192, mean±SD, n=9; P<0.1) (Table 3).   PBMC
from lymphoma patients two weeks after infusion had
increased cytolytic activity compared with that before
NK-cell infusion (19.0±14.5 on day 7, 22.0±13.2 on day
14, max. 30.8±9.9 during the 2-week period; mean±SD,
n=9; P<0.01) (Table 3).  We tried to show proportions of
NK receptors on CD56+CD3– NK cells in patients’ PBMC
before NK-cell infusion, seven days after infusion and 14
days after infusion.  However, we could not show any
differences among them before and after NK-cell infusion
(Figure 1G).     
During a median follow-up period of 28 months

(range, 6-56 months), seven patients maintained com-
plete response and two patients died with disease pro-
gression 24 months and 10 months after infusion, respec-
tively. The median duration of complete response was 44
months (range, 6-56 months) (Table 1).  There were sev-
eral hematologic adverse events related to chemotherapy,
but there were no severe non-hematologic adverse
events (Table 4).    
Pievani et al. reported the addition of rituximab increas-

es the killing activity of cytokine-induced killer (CIK)
cells that contained 47±8% of CD3+CD56+ NKT cells,
49±9% of CD3+CD56– T cells, and only 4±3% of
CD3–CD56+ NK cells against B-cell non-Hodgkin lym-
phoma (NHL) targets in vitro.11 Therefore, it was suggest-
ed that rituximab could be used in vivo to enhance
cytokine-induced killer cell therapeutic activity for B-cell
NHL.  Deng et al. observed a synergistic cytotoxicity of
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Table 3. Absolute number of CD56-expressing cells and cytolytic activity in lymphoma patients before and after infusion of natural killer (NK)
cells.
                                                      Before                1 hour                     Day 1                  Day 7                  Day 14               Maximum  

CD56 positive                                      475 ± 442                329 ± 294                     396 ± 294                516 ± 242               1,045 ± 340b                  1,054 ± 339b

CD56+CD3–                                            105 ± 160                 52 ± 57                       107 ± 120                  84 ± 72                   193 ± 173                     216 ± 192c

Cytolytic activity                                  9.2 ± 10.6                       -                           18.3 ± 11.7              19.0 ± 14.5               22.0 ± 13.2a                    30.8 ± 9.9a

There were statistically significant differences from those before administration of NK cells (absolute number per l). Cytolytic activity indicated against K562 cell using 4hr
51Cr releasing assay (%) (means ± standard deviation, n=9; aP<0.01, bP<0.05, cP<0.1). 

Table 4. Adverse events according to Common Terminology Criteria for Adverse Events Ver.4.0.
                                                 Non-hematologic                                                                           Hematologic
Case AST    ALT  T.billirubin Fatigue Fever  Anorexia Nausea  Diarrhea  Constipation Neutropenia   Lymphopenia  Anemia  Thrombocytopenia  Others

1           -      -          -            -        -          -           -            -               -                 3                  3              -                  -                  -

2          -      -          -            -        -          -           -            -               -                 4                        3                  1                       4                       -
3          -      -          -            -           1             -           -            -               -                 4                   4               3                   4                  -

4          -      -          -            1           -             -           -            -               -                 -                   4               1                   -                  -

5          -      -          -            -          -              2           -            -               -                  4                   1               3                   4                  -

6          -      -          -            -          -             -           -            -               -                  4                   3               3                   1                  -

7          -       1           1            -          -             -           -            -               -                 -                   4               -                  -                  -

8          -      -          -            -          -             -           -            -               -                 -                   4               1                   -                  -

9         -      -          -            -          -             -           -            -               -                  4                   3               2                   -                  -



expanded NK cells against CD20+ B-lymphoma cell lines
and greater production of IFN-γ and TNF-a when com-
bined with rituximab in vitro.12 In vitro expanded NK cells
show anti-lymphoma activity in SCID mice that had
been intravenously injected with Raji human B-cell lym-
phoma cells,  and the addition of rituximab enhanced
their efficacy by triggering ADCC.13 It was reported that
the addition of rituximab induced NK-mediated ADCC
and augmented killing of CD20+ target cells when using
ex vivo expanded NK cells with K562-mbIL15-41BBL cells
and IL-2 in vitro.14 Therefore, the combination of adop-
tive transfer of expanded NK cells and rituximab could be
a promising cellular therapy for CD20-expressing malig-
nant lymphoma. 
Tarek et al. reported that, in the neuroblastoma setting,

HLA class I expression on NB cells selectively inhibited
licensed NK-cell activity, permitting primarily unlicensed
NK cells to mediate ADCC. Therefore, unlicensed NK
cells expressing KIR for non–self-HLA ligands may be
more effective in tumor eradication.15 Infused autologous
NK cell with high expression level of NKG2A (approx.
60%) in this study may be relatively naïve immunologi-
cally.  
In summary, we conducted a phase I study of ex vivo

expanded NK-cell therapy using patients’ autologous
PBMC combined with rituximab-containing chemothera-
py for relapsed CD20-positive malignant lymphoma
patients to enhance ADCC.  Adoptive infusion of
expanded auto-CD56+CD3–NK cells with higher cytolyt-
ic activities and higher expression levels of NKp30,
NKp44 and CD16 compared with those before culture up
to 10x106/kg is safe and feasible.  Seven of the nine
patients maintained complete response with a median
duration of 44 months (range, 6-56 months) after NK-cell
infusion.  However, it is difficult to evaluate the exact
contribution of NK-cell infusion for clinical response
because eight of the nine patients in this study received
chemotherapy after NK-cell infusion.  However, ex vivo
expanded and activated autologous NK-cell therapy com-
bined with rituximab-containing chemotherapy for
relapsed CD20-positive malignant lymphoma patients
may be one of the promising options among various
adoptive cellular therapies including CAR-T/NK. 
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