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Abstract. Lung cancer is the most common type of cancer 
with the highest cancer‑associated mortality rates worldwide, 
as well as in Vietnam. Numerous studies have demonstrated 
that higher numbers and higher rate of activity of infiltrating 
natural killer (NK) cells and cytotoxic T lymphocytes (CTLs) 
in the tumor are closely correlated with positive prognosis, 
tumor size decrease and longer survival of lung cancer 
patients. In the present study, the effectiveness of BINKIT® 
kit in the ex vivo expansion of NK cells and CTLs in the 
peripheral blood of 7 patients aged between 30 and 84 years 
with metastatic lung cancer was evaluated. After 21 days of 
culture, the average number of CTLs (CD3+CD8+) increased 
by 742.3‑fold in the CTL culture, accounting for 72.2% of 
the cultured cell population, and the mean cell viability was 
95.7%. In the NK cell culture, the average number of NK cells 
(CD3‑CD56+) increased by 637.5‑fold, accounting for 84.3% of 
the cultured cell population, with an average viability of 94.7%. 
The percentage of active NK cells (CD3‑CD56+ bright) was 
82.1%, which increased by 408.9‑fold. Notably, a close correla-
tion was identified between the numbers of cytokine‑induced 
killer (CD3+CD56+) and NK (CD3‑CD56+) cells in the NK cell 
culture (P<0.05). In the two culture conditions (namely NK cell 
and CTL cultures), no clear correlation was identified between 
the rate of initial immune cells in the peripheral blood and the 
corresponding number following ex vivo expansion (P>0.05). 
These results revealed that the method of expansion and 
activation of NK cells and CTLs from peripheral blood was 

successfully applied using BINKIT, and reached the require-
ments for clinical applications in cancer treatment in Vietnam.

Introduction

According to 2012 report of the World Health Organization (1), 
cancer is the leading cause of morbidity and mortality world-
wide. Lung cancer is the most common type of cancer and 
results in the highest cancer‑associated mortality rate world-
wide, as well as in Vietnam (1). Traditional cancer treatments, 
including surgery, chemotherapeutic agents and ionizing radia-
tion, have been used to eliminate tumors in patients. However, 
the rising resistance to drugs or radiation leads to metastasis 
of cancer cells and reduces the survival rate of patients with 
cancer.

In the past few years, cancer immunotherapy has been 
considered to be a novel promising method for cancer treat-
ment, particularly when combined with other traditional 
methods  (2,3). Immunotherapy increases the strength of 
immune responses against tumors by stimulating the activities 
of specific components of the immune system. Based on the 
function of immune cells in targeting cancer, the autologous 
immune enhancement therapy (AIET) involves multiplying 
autologous immune cells ex vivo and injecting them into the 
body in order to destroy the cancer cells (2‑4). Several studies 
have demonstrated that the higher number and higher rate of 
activity of infiltrating natural killer (NK) cells and cytotoxic T 
lymphocytes (CTLs) to the tumor are closely correlated with 
positive prognosis, tumor size decrease and longer survival of 
patients with cancer (5,6).

NK cells, first identified in 1975 as a unique lymphocyte 
subset, have the morphology of large granular lymphocytes, 
and are capable of recognizing and killing abnormalities that 
are missing or not expressing the ‘self’ markers of major 
histocompatibility complex class I. These cells are char-
acterized by the expression of CD56 and the lack of CD3 
expression (termed CD56+CD3‑ lymphocytes), which can 
also be distinguished according to the level of CD56 expres-
sion as CD56bright and CD56dim subsets (7). NK cells directly 
kill target tumor cells through the apoptosis mechanism 
by releasing cytoplasmic granules containing perforin and 
granzymes, or by expressing death receptor ligands on their 
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cell surface (8). In addition, NK cells secrets various effec-
tive molecules, including interferon (IFN)‑γ, and function in 
coordination with other immune cells, such as dendritic cells 
and T lymphocyte, to exert antitumor functions in various 
manners (9,10). In cancer patients, the NK cell number in 
the peripheral blood and tumor infiltrate, as well as the 
cytokine production and expression of activating receptors, 
are decreased; by contrast, the inhibitory receptors are over-
expressed (10).

CTLs, also known as CD8+ or killer T cells, are character-
ized by the expression of CD3 and CD8 (CD3+CD8+). These 
cells are a critical component of adaptive immunity to destroy 
infected or malignant cells. CTLs secrete cytokines including 
primarily tumor necrosis factor (TNF)‑α and IFN‑γ, which 
have antitumor and anti‑viral microbial effects. Another major 
function of CTLs is the production and release of cytotoxic 
granules, which are also found in NK cells and contain 
two families of proteins, namely perforin and granzymes. 
Furthermore, CTLs also cause the destruction of infected cells 
via the Fas/FasL interaction (11‑15).

The AIET method mainly uses a dual combination of NK 
cells and CTLs, as they have a definite advantage in targeting 
abnormal expressing MHC class I and MHC antigen expressing 
cancer cells. In addition, NK cells and CTLs preferentially kill 
cancer stem cells, which is an added benefit to their use, since 
cancer stem cells are resistant to the majority of therapies and 
serve a major role in cancer recurrence (16‑18). Considering 
this evidence, it is suggested that AIET would be an effective 
treatment method for cancer patients by destroying circulating 
tumor cells, thereby preventing metastasis and cancer recur-
rence. For AIET, obtaining a sufficient number of functional 
immune cells is critical in clinical protocols. Therefore, the 
number and purity of expanded immune cells is considered 
as a key factor. Several researchers have attempted the use 
of various methods to achieve large‑scale NK cell and CTL 
ex vivo expansion (19‑23), and have applied these methods in 
clinical trials with positive results reported in India, Japan 
and China (18,24‑26).

The aim of the present study is to evaluate the effectiveness 
of BINKIT® for the expansion of NK cells and CTLs collected 
from the peripheral blood of Vietnamese patients with lung 
cancer for the application of AIET. The BINKIT medium was 
successfully developed by the Biotherapy Institute of Japan 
(Tokyo, Japan). The use of this medium for immune cell expan-
sion and activation in AIET in clinical applications has been 
previously examined (4,25,26). To the best of our knowledge, 
the present study is the first to identify the use of BINKIT for 
AIET in lung cancer.

Materials and methods

Patients. A total of 7  patients with lung cancer with an 
Eastern Cooperative Oncology Group/Performance Status 
(ECOG/PG) of ≥3, who were admitted to the Department 
of Oncology of the Vinmec International Hospital (Hanoi, 
Vietnam) between April 2016 and August 2016, were enrolled 
into the present study. The exclusion criteria included severe 
infection, autoimmune disease, use of anti‑rejection drugs or T 
cell lymphomas. Patients provided a written informed consent, 
and the study was approved by the Ethics Committee of the 

Vinmec International Hospital. This study was conducted with 
the permission of the Vietnam Ministry of Health (document 
no. 2517/BYT‑KCB; Hanoi, Vietnam). In total, 7 peripheral 
blood samples were obtained and marked as PT1  to PT7, 
corresponding to the 7 patients.

Isolation and large‑scale expansion of NK cells and CTLs 
from peripheral blood. Peripheral blood mononuclear cells 
(PBMNCs) were obtained from the peripheral blood sample 
(70 ml) of each cancer patient by density gradient centrifu-
gation using Ficoll‑Paque media (GE  Healthcare Life 
Sciences, Uppsala, Sweden) following the manufacturer's 
instructions. Subsequently, PBMNCs were cultured using 
BINKIT (Biotherapy Institute of Japan, Japan). Briefly, the 
PBMNCs were divided into two equal parts for NK cell and 
CTLs expansion, and seeded at a density of 1x106 cells/ml in 
the cell initial medium. For NK cell expansion, the medium 
contained 0.01  KE/ml OK‑432 (Chugai Pharmaceutical 
Co., Ltd., Tokyo, Japan) and 700 IU/ml recombinant human 
interleukin‑2 (rhIL‑2; Chiron Corp, Emeryville, CA, USA) 
supplemented with 5% heat‑inactivated autologous plasma, 
and the cells were cultured in an anti‑CD16 monoclonal anti-
body (Beckman Coulter, Inc., Brea, CA, USA)‑immobilized 
culture flask. For CTL expansion, PBMNCs were culture 
in cell initial medium containing 700 IU/ml rhIL‑2 in an 
anti‑CD3 monoclonal antibody‑immobilized flask. The 
cells were incubated at 37°C in an atmosphere with 5% 
CO2 for 3  days. After 3  days, the culture medium was 
changed and subcultured every 2‑3 days in cell subculture 
medium (provided in the kit) containing 350 IU/ml rhIL‑2 
supplemented with 5% heat‑inactivated autologous plasma 
to maintain a concentration of 0.8‑1.0x106 cells/ml, without 
discarding the old medium. When the number of cell 
increased logarithmically, the cultured cells were trans-
ferred into culture bags (Nipro, Osaka, Japan) until day 21 
of culture.

Phenotypic analysis. The phenotype of expanded cells and 
PBMNCs at baseline (day 0) and at the end of the culture (day 21) 
was analyzed by flow cytometry. Monoclonal antibodies 
specific for CD3, CD8, CD56 and CD4 that were conjugated 
with Pacific Blue, fluorescein isothiocyanate, R‑phycoerythrin 
and Allophycocyanin‑Alexa Flour  750, respectively 
(Beckman Coulter, Inc.), and the corresponding isotype were 
used for the characterization of cell population. Cells were 
analyzed by Navios flow cytometer (Beckman Coulter, Inc.), 
and data were acquired by Navios software (version 3.2) 
according to the manufacturer's instructions.

Quality control testing. Quality control testing was examined by 
assessing samples obtained during the culture period and at the 
final product. For sterility examination, the BacT/ALERT Plus 
microbiological detection system (bioMérieux, Marcy‑l'Étoile, 
France) was used, while a MycoAlert Mycoplasma Detection 
kit (Lonza Group, Ltd., Basel, Switzerland) was applied for 
mycoplasma contamination testing. The viability of expanded 
cells was measured by trypan blue exclusion assay and 
tested for endotoxin by a kinetic colorimetric LAL assay 
using the Endosafe‑PTS portable test system (Charles River 
Laboratories, Inc., Wilmington, MA, USA).
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Safety evaluation. The safety evaluation was conducted using 
the ECOG/PS scale  (27). The evaluations were conducted 
at the time patients were enrolled in the research (from 
April to August 2016), and then 18 months later.

Statistical analysis. Statistical analyses were performed 
with STATA software (version  12.0; StataCorp LLC, 
College  Station, TX, USA) to determine the Prob>F, R2 
coefficients of correlation and P‑value. A value of P<0.05 
was considered to indicate a difference that was statistically 
significant.

Results

Patient characteristics. Between December  2015 and 
June 2016, a total of 7 patients (6 females and 1 male) were 
enrolled into the present study. Table  I lists the patient 
clinical characteristics. The mean age of the participants was 
55.5±17.4 years, with an age range of 30‑84 years. All patients 
included in the present study had an ECOG/PS value of ≥3 
(Table I), suggesting that they were only capable of limited 
self‑care, confined to bed or chair for >50% of their waking 
hours (27).

Immune cell expansion. Subsequent to seeding, the PBMNC 
number was counted every 2 days starting on day 3 of the 
culture using trypan blue staining. It was observed that 
the number of cells decreased after 3 days of culture at the 
stimulation step. The total cell number at day 3 was ~68.4% 
as compared with that on day 0. Subsequently, the cell number 
began to growth at day 7 and reached logarithm growth on 
continuous days until the day 20. In this period, cells grew as 
large clumps, which is a characteristic of proliferating immune 
cells (Fig. 1). In particular, the growth stopped in two samples 
in the CTL culture on day 18 and the cell number decreased 
subsequently (Fig. 2).

From 70 ml of peripheral blood, PBMNCs were collected 
with the Ficoll‑Paque method and divided into two equal 
parts for NK cell and CTL expansion. The average number of 
cells at seeding for each culture condition was 53.4±13.5x106. 
After 21 days of culture, the average total number of cells in 
the NK culture was 4,137.2x106 (2,123.0‑9,373.2x106 cells), 
which increased by 79.8‑fold (range, 34.4‑  to  142.7‑fold), 
while the cell viability was 94.7% (91‑97.3%). In the CTL 
culture, the average total number of cells was 10,896.1x106 
(2,544.0‑30,240.0x106 cells), which increased by 192.5‑fold 
(range, 38.7‑  to 448.0‑fold), with a cell viability of 95.7% 
(92.8‑98%; Table II).

Characteristics of immune cell population. The targeted 
immune cells increased sharply in the selected culture 
medium (Fig. 3). The average absolute number of NK cells 
in the NK culture at day 21 was 3,587.4x106, demonstrating 
an increase of 637.5‑fold (range, 167.1‑  to 1,613‑fold) and 
accounting for 84.3±14.9% (54‑96.7%) of the total cell culture 
compared with the value of 17.9±9.5% (5.5‑33.9%) at seeding. 
Similarly, the absolute number of CTLs in the CTL culture 
was 7,561.4x106, demonstrating an increase of 742.3‑fold 
(range, 191.6‑ to 1,545.1‑fold) and accounting for 72.2±9.1% 
(57.1‑85.6%) of the total cell culture compared with the 
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percentage of 22.7±3.5% (18.7‑26.4%) at seeding (Tables III 
and IV).

In the NK cell culture, a strong correlation was recognized 
between the number of NK and cytokine‑induced killer 
(CIK) cells, with a coefficient of determination (R2) of 0.9. 
The number of CIK cells decreased when NK cells were 
dominant in the population and vice versa (coefficient = ‑1.17; 
P<0.001; Fig. 4A), whereas other CD3+ cells did not display 

this correlation (P>0.05). By contrast, in the CTL culture, 
there was no correlation between CTLs and CIK cells 
(P>0.05; Fig. 4B). In the two culture conditions, the initial 
number of immune cells at seeding was not correlated with 
the number of expanded immune cells subsequent to culturing 
(Fig. 4C and D). Notably, the percentage of CD3‑CD56bright 
increased strongly in the NK cell culture, accounting for 82.1% 
of cells (52.7‑92.8%; n=7) in average. The absolute number 

Figure 2. Cell growth curves in the (A) NK cell and (B) CTL culture of 7 lung cancer samples, demonstrating the association between the number of culture 
days and the total number of cultured cells. D, day after the start of the culture; PT, patient; NK, natural killer; CTL, cytotoxic T lymphocyte.

Figure 1. Cell growth in natural killer cell culture. The morphology of the cell population at (A) day 3 and (B) day 6 of culture is shown for a representative 
case (patient 1).

Table II. Number of cell population pre‑ and post‑expansion.

	 PBMNC count/
	 collection for	 Final cell count	 Total cell fold	 Final cell count	 Total cell fold
	 each culture	 for NK cell	 expansion in NK	 for CTLs culture	 expansion in αβT
Case	 (x106)	 culture (x106)	 cell culture (x106)	 (x106)	 cell culture (x106)

PT1	 65.7	 9,373.2	 142.7	 2,544	 38.7
PT2	 67.5	 3,210	 47.6	 30,240	 448.0
PT3	 59.0	 3,840	 65.1	 17,088	 289.6
PT4	 61.8	 2,123	 34.4	 9,345	 151.3
PT5	 47.8	 3,152	 65.9	 7,008	 146.6
PT6	 33.2	 3,720	 112.0	 3,328	 100.2
PT7	 38.9	 3,542	 91.1	 6,720	 172.8

PBMNC, peripheral blood mononuclear cell; NK, natural killer; CTL, cytotoxic T lymphocyte; PT, patient.
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of this cell type was 3,094.3x106 (913.5‑8,438.5x106), which 
increased by 408.9‑fold (range, 121.4‑ to 958‑fold; Table V). 

All cultures were negative for mycoplasma and bacteria/fungi, 
while the endotoxin level was <0.5 EU/ml.

Figure 3. Phenotyping analysis of immune cell population in a representative case (patient 4). Cells at day 21 of cultivation were harvested and incubated with 
different marker for identifying (A) CTLs or (B) NK‑cell. NK, natural killer; CTL, cytotoxic T lymphocyte.

Figure 4. Correlation between cell populations in the NK cell and CTL cultures. (A) The average CIK proportion was inversely correlated with the proportion 
of NK cells in the NK cell cultured populations (R2=0.9; P<0.05). (B) In the CTL culture, the correlation between the quantity of CTLs and CIK cells was low 
(R2=0.2; P>0.05). There was no clear correlation between the rates of initial NK cells and CTLs in peripheral blood mononuclear cells with the corresponding 
number of cells following ex vivo expansion in the (C) NK cell culture or (D) CTL cell culture (R2<0.2; P>0.05). PT, patient; NK, natural killer; CTL, cytotoxic 
T lymphocyte; CIK, cytokine‑induced killer.
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Safety evaluation. The 7 patients presented an ECOG/PS 
score of 3 (6 patients) and 4 (1 patient) at the day of blood 
collection. This score decreased at the last evaluation, with 
1 patient demonstrating a score of 3, 3 patients with a score 
of 2 and 2 patients with a score of 1. All patients had been 
estimated to live only 6 months upon joining the present study. 
At the last follow‑up (18 months), 6 patients are alive, whereas 
1 patient succumbed after 17 months (Table I).

Discussion

In the present study, the efficacy of ex vivo expansion of NK 
cells and CTLs from the peripheral blood of Vietnamese 
cancer patients using BINKIT was evaluated. The two culture 
conditions investigated (NK cell and CTL cultures) demon-
strated no clear correlation between the rate of initial immune 
cells in the peripheral blood and the corresponding number 
following ex vivo expansion (P>0.05).

A relatively pure NK (CD56+CD3‑) cell population of 
84.3±14.9% was generated, which was initially 17.9±9.5% in 
the whole blood without any prior NK purification method. 
In 3 out of 7 cases (42.8%), the proportion of NK following 
culture reached >94%. The mean NK cell expansion was 
637.5‑fold (range, 167.1‑ to 1,613‑fold) after 21 days of culture. 
Furthermore, in the specific medium for NK cell expansion, 
the percentage of other lymphocyte, including CD3+CD4+, 
CD3+CD8+ and CD3+CD56+ cells, was minimal (mean value, 
8.63, 1.46 and 3.74%, respectively). These data indicated that 
NK cells were selectively expanded and became the major 
population.

Recently, CIK cells have been investigated in the treatment 
of cancer as a potential immune cell therapy (2,3). Notably, 
the present study identified a close association between the 
quantity of CIK cells and the number of NK cells in the NK 
cell culture (P<0.05). However, in the CTL culture, no such 
correlation between the CIK and CTL cell numbers was 
observed.

There were several methods to achieve large‑scale 
expansion of NK cells ex vivo in order to develop NK cell 
therapeutics (10,22). PBMNCs have been used as a general 
source of NK cells for expansion; however, these are composed 
of numerous immune cell types. The most important target of 
various studies is identifying a method for specifically culturing 
NK cells in PBMNCs. Carlens et al (20) observed that, after 
21 days of culture from total PBMNCs with IL‑12 and OKT3, 
NK cells were stimulated up to 700‑fold with a 55% purity. 
Another study by Fujisaki et al (21) in 2009 revealed that, 
upon K562‑mb15‑41BBL cell stimulation, NK cells increased 
by 277‑fold after 21 days of culture. Torrelli et al (22) used 
irradiated autologous feeder cells along with IL‑2 and IL‑15 
for NK cell expansion following CD3+ T cell depletion and 
obtained an NK cell increase by 15.7‑fold after 14 days of 
culture. Terunuma and his co‑workers (4,25,26) demonstrated 
that ex vivo culture of NK cells from peripheral blood using 
BINKIT is a safe culture method, and that NK cells expanded 
by several hundred folds after 2 weeks under GMP condi-
tions. Compared with these previously published studies, the 
present study results obtained the highest purity of the NK 
cell population and a high number of NK cells, which was 
suitable for clinical application.
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Ex vivo expansion of the CTL population in the present 
study had a slightly lower purity as compared with that in 
NK cells, with a mean proportion of CTLs (CD8+CD3+) of 
72.2±9.1% of the total number of cells and a highest reported 
value of 85.6%. In the group of patients included in the study, 
the mean fold expansion of immune cells from PBMNCs was 
742.3‑fold for CTL cells, while the absolute mean number of 
CTLs was 7,561.4x106.

Several CTL expansion methods have been used in order 
to develop a relevant time of culture and number of CTLs 
suitable for clinical application. An earlier method required 
a 45‑60‑day expansion protocol for CTLs (28). In order to 
improve this culture time, Dudley et al  (29) presented the 
rapid expansion protocol using anti‑CD3 antibody with 
high‑dose IL‑2 and allogeneic feeder cells to generate T cells. 
After 14 days of cultivation, the cell number increased by 
1,320‑fold (29). In order to avoid using a high dose of IL‑2 and 
exogenous feeder cells, Porter et al (30) co‑stimulated ex vivo 
T cells with CD3 and CD28 antibodies and obtained an expan-
sion number of a 113‑fold increase. However, this method 
induced both CD3+CD4+ and CD3+CD8+ T cells. Another 
study also used CD3 and CD28 antibodies to stimulate T cells 
together with the removal of CD25 with the aim of increasing 
the antigen‑specific CD8+ T cells, and successfully increased 

the specific T cells by 335‑fold (31). Recently, Smith et al (32) 
investigated the method of using a xeno‑free serum replace-
ment as an alternative to human serum and fetal bovine serum 
in culturing, and obtained an >300‑fold increase in the number 
of T cells following costimulation with CD3 and CD28 anti-
bodies.

In comparison with alternative methods to expand NK 
cells and CTLs in clinical practice, the present study data 
suggested that large‑scale expansion of these cells directly 
from PBMNCs using BINKIT without prior purification and 
feeder cells is a safe and effective method for immune cell 
therapy in cancer treatment.

Notably, it was observed that CD56 was highly expressed 
(namely CD56bright) in the expanded NK cell population. In 
whole blood, only <1% of CD56bright cells were identified; 
however, following culturing, the NK population contained 
mainly CD56bright cells (82.1%). The CD56bright NK cells are 
considered the efficient cytokine producers, as their major 
secretory molecules are IFN‑γ, TNF‑α, granulocyte macro-
phage colony‑stimulating factor and IL‑10, all of which serve 
important roles in destroying cancerous cells  (33). In the 
study by Chan et al in 2007 (34), CD56bright NK cells have 
longer telomeres as compared with CD56dim cells, and can be 
differentiated into CD56dim in vivo without cell proliferation. 

Table IV. Absolute cell number (average) pre‑ and post‑expansion.

	 CTL culture (CD3+CD8+), x106	 NK‑cell culture (CD3‑CD56+), x106
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Case	 Pre‑expansion	 Post‑expansion	 Fold increase	 Pre‑expansion	 Post‑expansion	 Fold increase

PT1	 10.0	 1,923.3	 191.6	 17.71	 9,063.9	 511.7
PT2	 11.4	 17,267.0	 1,513.3	 10.37	 1,733.4	 167.1
PT3	 9.5	 14,627.3	 1,545.0	 9.55	 3,091.2	 323.6
PT4	 13.7	 6,812.5	 498.9	 10.82	 1,995.6	 184.4
PT5	 10.6	 4,744.4	 446.7	 2.26	 2,578.3	 1,138.7
PT6	 5.6	 2,266.4	 404.5	 2.21	 3,571.2	 1,613.0
PT7	 8.9	 5,288.6	 596.0	 5.87	 3,078.0	 524.3

PBMNCs, peripheral blood mononuclear cells; NK, natural killer; CTL, cytotoxic T lymphocyte; PT, patient.

Table V. Percentage of active NK cells (CD3‑CD56+ bright) pre‑ and post‑expansion.

	 Pre‑expansion	 Post‑expansion
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cases	 Percentage (%)	 Absolute number (x106)	 Percentage (%)	 Absolute number (x106)

PT1	 0.5	 0.09	 93.1	 8,438.5
PT2	 0.1	 0.01	 52.7	 913.5
PT3	 0.2	 0.02	 78.7	 2,432.8
PT4	 0.3	 0.03	 91.8	 1,831.6
PT5	 0.2	 0.00	 77.8	 2,005.9
PT6	 0.1	 0.00	 95.8	 3,421.2
PT7	 0.7	 0.04	 85.0	 2,616.3

NK, natural killer; PT, patient.
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Notably, a previous study demonstrated that CD56dim cells 
generated from CD56bright cells had increased cytotoxicity (33). 
Therefore, it is suggested that NK expanded cells have a higher 
cytotoxicity and are more efficient in killing cancer cells.

Prior to infusion of cultured cells, an endotoxin, myco-
plasma and sterility detection tests were conducted to confirm 
the safety of the intravenous injection. All products in the 
present study were negative for mycoplasma and bacteria, 
while the concentration of endotoxin was <0.5 EU/ml, which 
is considered to be a safe value for intravenous injection. 
Following administration of ex vivo expanded cells in all 
patients, no adverse reactions were observed. Furthermore, 
improvement in the quality of life was observed in almost 
all patients. These observations prove the safety of the 
intravenous administration of the ex vivo‑expanded NK and 
CTL cells to cancer patients in the present study. The safety 
subsequent to receiving the culture cells was also exam-
ined, and patients were followed up. Almost all patients 
demonstrated improved life quality, with the majority of 
patients presenting a score of 1 or 2 in the ECOG/PS scale. 
Furthermore, 6 patients were alive at the last follow‑up, and 
only 1 patient succumbed at 17 months after the treatment. 
These results suggest that AIET conducted in the present 
study was safe.

In conclusion, the present data demonstrated that BINKIT 
is an appropriate and efficient method for ex vivo expansion of 
NK cells and CTLs from the PBMNCs of lung cancer patients, 
and evidently improved their quality of life. The advantages of 
the BINKIT protocol is the high level of purity and the safety 
for injection of the expanded NK cell and CTL culture after 
3 weeks. To determine the activity of expanded immune cells 
and the effects of AIET in cancer treatment, further investigation 
must be conducted and clinical data collected. Given the posi-
tive results of this first study using AIET in cancer patients in 
Vietnam, it is strongly suggested that this method is a promising 
tool for immune cell‑based cancer immunotherapy for cancer 
patients.
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