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Abstract: Natural killer (NK) cells therapy has the potential to prolong survival in patients with advanced non-small 
cell lung cancer (NSCLC). We conducted a clinical trial to investigate the safety and efficacy of cetuximab plus NK 
cells therapy in patients with advanced NSCLC. Between June 2015 and August 2016, 54 patients with advanced 
EGFR-expressing NSCLC were assigned randomly to the cetuximab plus NK cells therapy group (A; n = 27) or cetux-
imab alone group (B; n = 27). Patients in group A received two courses of NK cells therapy continuously. Cetuximab 
was administered intravenously and the weekly maintenance dose was continued until tumor progression. All ad-
verse effects were manageable and no significant difference was noted between the two groups (P > 0.05). Levels 
of CEA, NSE and circulating tumor cells (CTCs) in group A were significantly lower than those before treatment (P 
< 0.05). Patients in group A had a significant improvement in immune function and quality of life (QOL) (P < 0.05). 
Patients in group A survived longer than those in group B (median PFS: 6 months vs 4.5 months; median OS: 9.5 
months vs 7.5 months; P < 0.05). Combination therapy could be an alternative to chemoradiotherapy for patients 
with advanced NSCLC.
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Introduction

Lung cancer has been the leading cancer diag-
nosis and cancer-related death worldwide [1]. 
Over half of patients diagnosed with lung can-
cer die within 1 year of the diagnosis and 5-year 
survival is around 17.8% [2]. About 80% of lung 
cancer cases are non-small cell lung cancer 
(NSCLC). Most of these patients are treated 
with surgery and chemotherapy. However, th- 
ese strategies prolong survival only modestly 
and are associated with a wide range of unde-
sirable side effects [3, 4]. Therefore, efforts to 
develop more effective therapeutic modalities 
for advanced NSCLC are an area of active 
investigation.

The epidermal growth factor receptor (EGFR) is 
a tyrosine kinase receptor that plays an integral 
part in the signaling pathways that control the 

growth of normal and malignant cells [5, 6]. 
EGFR overexpression is associated with adver- 
se prognostic profiles, including a shortened 
time to disease progression and overall survival 
(OS) [7]. Cetuximab (Erbitux®; ImClone Systems 
Branchburg, MJ, USA) is a chimeric mouse 
human antibody. It targets the extracellular 
domain of the EGFR, thereby inhibiting the bind-
ing of activating ligands to the receptor. Clinical 
trials have shown that cetuximab combined 
with radiotherapy or chemotherapy in patients 
with NSCLC is associated with a higher respon- 
se rate, longer time to disease progression, and 
a significant improvement in survival [8, 9]. 

For patients who are not candidates for surgery, 
immunotherapy is a promising treatment option 
for long-lasting control of advanced NSCLC [10-
12]. In recent years, interest in the use of the 
immune system to treat NSCLC has been boost-
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ed by the encouraging clinical results of use of 
adoptive natural killer (NK) cells to treat tumors 
of the breast [13], liver [14], and digestive tract 
[15]. NK cells are critical innate immune lym-
phocytes which primarily lyse viral tumor cells 
through the production of cytokines and che-
mokines [16, 17]. 

On the basis of the promising results of the 
studies mentioned above, we conducted a ran-
domized clinical trial with the aim of investigat-
ing the efficacy and safety of cetuximab in com-
bination with NK cells therapy as second-line 
and third-line treatments in patients with EGFR-
expressing advanced NSCLC. 

Patients and methods  

Patient eligibility

This clinical trial was registered on Clinical- 
Trials.gov (ID: NCT02845856; Ph1/Ph2) and 
was approved by the Ethics Committee of 
Guangzhou Fuda Cancer Hospital (Guangzhou, 
China). Written informed consent was obtain- 
ed from all patients in accordance with the 
Declaration of Helsinki.

Patients with NSCLC proven by histology or 
cytology of stage IIIB or IV according to the 7th 
Union For Cancer Control (UICC) tumor-node-
metastasis (TNM) staging system, and immu-
nohistochemical evidence of EGFR expression 
in at least one positively stained tumor cell, 
were eligible for inclusion in our study. Other 
inclusion criteria were: age > 18 years, lifespan 
> 4 months; Karnofsky performance status 
(KPS) score ≥ 60; adequate function of bone 
marrow (neutrophil count > 2 × 109/L, platelets 
≥ 75 × 109/L, and hemoglobin ≥ 90 g/L); ade-
quate hepatic function (bilirubin < 30 μmol/L, 
aminotransferase < 60 U/L); adequate renal 
function (serum creatinine < 130 μmol/L, 
serum urea < 10 mmol/L) and adequate cardi-
ac function (a shortening fraction of ≥ 27% by 
echocardiography). 

Patients with proven or symptomatic brain 
metastasis as well as those who had prior che-
motherapy, radio therapy, or other immunosup-
pressive/immunostimulatory therapy within 3 
weeks of study entry were excluded. 

Cell processing

NK cells were generated under Good Manu- 
facturing Practice conditions by a method 

described previously [18]. Mononuclear cells 
(MNCs) were isolated from peripheral blood 
using LymphoprepTM (Haoyang Biologicals, Tian- 
jin, China) density gradient centrifugation from 
buffy coats obtained from healthy allogenic 
blood donors. To ensure selection of appropri-
ate donors, the killer cell immunoglobulin-like 
receptor (KIR) genotype should not match with 
the human leukocyte antigen (HLA) class I mol-
ecules of the patient [18-22]. 

The peripheral blood of donors and recipients 
was tested with a TIANamp Blood DNA kit 
(Tiangen Biotech, Beijing, China) and KIR/HLA-
Cw Genotyping Low Resolution kit (PCR-SSP) 
(Super Biotechnology Developing, Tianjin, Chi- 
na). MNCs were activated using a Human HA- 
NK Cell In Vitro Preparation kit (Hank Bio- 
engineering, Shenzhen, China), along with le- 
thally radiated K562-mb15-41BBL (K562D2) 
stimulatory cells [23], plasma treatment fluid, 
lymphocyte culture fluid additives, serum-free 
medium additives, and cell infusion additives 
according to manufacturer instructions. This  
kit is used for the expansion and activation of 
NK cells in peripheral blood or umbilical cord 
blood MNCs in vitro, as well as for the prepara-
tion of NK cells in greater quantities and with 
higher purity and activity (i.e., HANK cells) [18]. 
According to the instructions, NK cells were 
maintained in two plastic flasks (T75; Corning 
Costa, Cambridge, MA, USA) in an incubator in 
an atmosphere of 5% carbon dioxide at 37°C 
and 95% humidity. After culture, 8-10 billion NK 
cells were harvested using NK Cell Serum-free 
Medium and a culture bag (Haoyang Biologi- 
cals, Tianjin, China). Final cell counting and 
quality control testing were done on day 9 of 
culture. The quality-control indicators were: 
proportion of living cells ≥ 90%; proportion of 
CD56+CD3- cells ≥ 85% (detection via flow 
cytometry, as described previously [18]); endo-
toxin content ≤ 1 EU/mL; cell viability ≥ 80% 
(K562 cells were used as target cells in the 
cytotoxicity assay, as described previously 
[18]); and absence of bacteria, fungi, and my- 
coplasma cultures. All cell preparation proce- 
sses were undertaken by the same technician 
and were assessed by another technician. After 
12 days of culture, NK cells were counted and 
washed with physiologic (0.9%) saline. The cell 
concentration was adjusted to 20 × 106/mL 
with a saline solution containing an immune 
cell infusion additive (HK-005), and then divid-
ed into three parts and infused intravenously 
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over 30 min on days 13-15. After infusion, new 
sample of peripheral blood were obtained to 
begin the new course on day 16.

Treatment plan

Patients were divided randomly between gr- 
oup A and group B to receive cetuximab plus 
NK cells therapy or cetuximab alone, respec-
tively. The treatment schedule is summarized  
in Figure 1. 

Patients in group A received allogeneic NK ce- 
lls therapy twice continuously. Cetuximab was 
infused intravenously at an initial dose of 400 
mg/m2 (including a test dose of a 20 mg (10 
mL) infusion administered over 10 min follow- 
ed by an observation period of 30 min after 
administration for signs of anaphylaxis) over 2 
h on day 13, and from day 20 onwards at 250 
mg/m2 over 1 h per week. Premedication with 
an antihistamine was mandatory before the 
first infusion and was recommended for all fur-
ther infusions. Cetuximab was infused before 
NK cells therapy on the days when both treat-
ments were given, and was continued until  
disease progression or unacceptable toxicity 
occurred. 

Assessment of immunologic parameters

Peripheral blood (2 mL) was obtained from 
patients on day 1 and day 90 for the detection 
of immune function by flow cytometry 

(FACSCantoTM II; BD Biosciences, San Jose, CA, 
USA). BD Multitest 6-color TBNK Reagent (BD 
Biosciences) was used to detect the number of 
CD3+CD4+ cells (95% confidence interval (CI), 
441-2156 cells/μL), CD3+CD8+ cells (95% CI, 
125-1312 cells/μL), total CD3+ cells (95% CI, 
603-2990 cells/μL), CD3-CD19+ cells (95% CI, 
107-698 cells/μL), and CD3-CD16+CD56+ 
cells (95% CI, 95-640 cells/μL). A BD Cytometric 
Bead Array (CBA) Human Th1/Th2 Cytokine Kit 
II (BD Biosciences) was used to detect expres-
sion of interleukin (IL)-2 (95% CI, 12.64-14.45 
pg/mL), IL-4 (95% CI, 8.45-10.38 pg/mL), IL-6 
(95% CI, 10-20.43 pg/mL), IL-10 (95% CI, 7.42-
9.51 pg/mL), tumor necrosis factor (TNF)-β 
(95% CI, 4.18–5.50 pg/mL), and interferon 
(IFN)-γ (95% CI, 5.69-7.83 pg/mL). The tests 
were carried out according to the protocols 
given in the instruction manuals. Results above 
or within the reference range were considered 
to indicate normal immune function. Patients 
with one or more than one parameter exhibiting 
below-normal values were considered to have 
immune dysfunction.

Analyses of circulating tumor cell (CTC) levels

Peripheral blood (7 mL) was obtained from 
patients on day 1 and day 90 for the detection 
of CTC levels. MNCs from peripheral blood  
were separated using LymphoprepTM (Haoyang 
Biologicals) density gradient centrifugation fr- 
om buffy coats and were washed twice with 

Figure 1. Treatment schedule. Peripheral blood from allogenic donor was drawn on day 1 and NK cells were infused 
intravenously on days 13 to 15. New sample of peripheral blood for the second course was drawn on day 16 and 
NK cells were infused intravenously on days 28-30. Cetuximab was administered intravenously on day 13 and the 
weekly maintenance dose was continued until tumor progression or unacceptable toxicity occurred.
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Table 1. Patient characteristics

Characteristic Group A 
(n = 27)

Group B 
(n = 27) P value

Age (years) P = 0.776
    ﹤ 55 9 10
    ≥ 55 18 17
Sex P = 0.735
    Male 5 6
    Female 22 21
Tumor histology P = 0.907
    Adenocarcinoma 14 14
    Squamous cell carcinoma 10 9
    Others 3 4
EGFR-expressing cells P = 0.859
    1-10% 4 6
    10-20% 2 1
    20-35% 1 1
    ﹥ 35% 20 19
KRAS genotyping P = 0.715
    KRAS wild-type 22 23
    KRAS mutant 5 4
Clinical stage (AJCC) P = 0.551
    IIIB 9 7
    IV 18 20
Karnofsky performance status P = 0.743
    60 3 5
    70 15 14
    80 9 8
Previous therapy P = 0.521
    Surgery 7 4
    Chemotherapy 22 22
    Radiotherapy 3 5
Tobacco use history P = 0.784
    Never 12 14
    Current 7 5
    Previous 8 8
AJCC, American Joint Committee on Cancer staging system.

sterile Hank’s balanced salt solution (Life 
Technologies, Carlsbad, CA, USA). Isolated cells 
were enriched via binding to magnetic CD326 
(EpCAM) MicroBeads (Miltenyi Biotech, Ber- 
gisch Gladbach, Germany) using magnetic ac- 
tivated cell sorting. Then, enriched isolated ce- 
lls were labelled with monoclonal antibodies 
targeting the epithelial cell antigens CD45, 
CD326 as well as cytokeratins 8, 18 and 19 
(Miltenyi Biotech) and incubated in the dark for 
12 min at room temperature. The monoclonal 
antibodies (10 μL) anti-CD45-PE, Ep-CAM-APC, 

and cytokeratins 8, 18, and 19-FITC 
were added per 7.5 mL of whole blood. 
Cell pellets were resuspended in  
500 μL PBS and enumerated by a 
FACSCantoTM II (Becton Dickinson, Fr- 
anklin Lakes, NJ, USA) flow cytometer 
with a CD45-/CK+/CD326+ gating str- 
ategy. The absolute number of CD45-, 
CK+, and CD326+ cells on FACSCantoTM 
II was used to measure CTC levels [24, 
25]. 

Assessment of clinical safety and ef-
ficacy 

Safety monitoring

Safety was determined based on regular 
interviews with patients, physical ex- 
amination, and laboratory tests. All 
adverse effects were assessed and 
reported according to the National 
Cancer Institute Common Terminology 
Criteria for Adverse Events (v4.0).

Detection of levels of tumor markers

The serum concentration of carcino 
embryonic antigen (CEA) and neuron 
specific enolase (NSE) was detected 
using a chemiluminescent immunoas-
say in the laboratory of our hospital on 
day 1 and day 90.

Response to treatment

Tumor response was assessed by com-
puted tomography (CT) in accordance 
with Response Evaluation Criteria in 
Solid Tumor (RECIST) v1.1 criteria [26] 3 
months after treatment. 

According to the degree of change in the larg- 
est transverse diameter, the therapeutic effect 
was classified as complete response (CR; arte-
rial enhancement imaging indicated disappear-
ance of all target lesions), partial response (PR; 
reduction in the sum of the diameter of target 
lesions by > 30%), stable disease (SD; tumor 
regression failed to reach PR status or tumor 
progression failed to reach PD status), and pro-
gressive disease (PD; the sum of the diame- 
ter of the tumors increased by > 20%). The 
response rate (RR) considered the CR and PR.
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Table 2. Changes in laboratory index and tumor marker

Item Group |  
(n = 27) Day 1 Day 90 P value

WBC (109/L) A 7.87 ± 4.90 8.22 ± 6.01 P = 0.82
B 6.91 ± 2.96 6.94 ± 2.92 P = 0.97

ALT (U/L) A 16.96 ± 9.04 18.40 ± 7.56 P = 0.53
B 21.25 ± 11.29 21.72 ± 10.55 P = 0.88

AST (U/L) A 25.33 ± 4.95 25.33 ± 8.98 P = 0.99
B 28.54 ± 6.58 26.40 ± 7.58 P = 0.30

Cr (μmol/L) A 73.59 ± 16.32 74.85 ± 20.98 P = 0.81
B 63.12 ± 16.97 63.66 ± 16.89 P = 0.91

CEA (ng/mL) A 36.90 ± 68.23 18.70 ± 33.77 P = 0.02*
B 37.42 ± 76.08 28.16 ± 69.80 P = 0.66

NSE (ng/mL) A 33.04 ± 36.40 19.77 ± 6.93 P = 0.04*
B 27.45 ± 40.12 30.70 ± 23.2 P = 0.57

*P < 0.05 versus Group B.

Figure 2. Treatment-related adverse effects. A. There was no significant dif-
ference between the two groups (P > 0.05). B. Proportions of patients hav-
ing adverse effects, according to grade. There was no significant difference 
between the two group (P > 0.05). 

Evaluation of life quality

Evaluation of life quality was 
based on KPS criteria. “Im- 
provement” denoted a KPS 
score that increased by ≥ 10 
points after treatment. “Sta- 
bility” denoted a KPS score 
that increased or decreased 
by < 10 points. “Decrease” de- 
noted a KPS score that de- 
creased by > 10 points. Re- 
sponsive rate was calculated 
using the following equation: 
Responsive rate = (improved 
cases + stable cases)/total 
cases × 100%.

Progression-free survival 
(PFS) and OS

PFS was measured as the ti- 
me from treatment initiation 
until radiologically confirmed 
disease progression was first 
noted or death from any cause 
occurred. OS was the time (cal-
culated in months) from treat-
ment initiation to the date of 
death.

Statistical analysis

The primary endpoint was OS. 
The secondary endpoints we- 
re PFS, overall response, QOL, 
immunologic parameters, and 
safety. All statistical tests for 
comparison of treatment gr- 
oups were two-sided, and P < 
0.05 was considered signifi-
cant. Differences in frequen-
cies of adverse effects were 
analyzed by Fisher’s exact te- 
st. The Kaplan-Meier method 
was used to estimate median 
PFS and OS and to draw sur-
vival curves. SPSS v17.0 (IBM, 
Armonk, NY, USA) was used for 
statistical analyses. Results 
were expressed as the mean  
± standard deviation. Prism  
5 (GraphPad, San Diego, CA, 
USA) was used to plot graphs.
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Results

Patients

From June 2015 to August 2016, 54 patients 
with EGFR-overexpressing NSCLC were enrolled 
in our study and assigned randomly to two 
groups (n = 27). The clinical characteristics of 
the two groups were compared, and no signifi-
cant difference was observed (P > 0.05) (Table 
1). 

Adverse effects

The treatment was well tolerated. After treat-
ment, the white blood cell (WBC) count as well 
as levels of alanine aminotransferase (ALT), 

aspartate transaminase (AST) and creatinine 
(Cr) were not significantly different from those 
before treatment (P > 0.05) (Table 2). All treat-
ment-related adverse effects experienced by 
patients during the study are shown in Figure  
2. The incidence of adverse effects was com-
pared, and no significant difference was noted 
between the two groups (P > 0.05). All the 
adverse effects were below grade 3 and most 
of them were grade 1. After symptomatic treat-
ment, all symptoms were relieved and did not 
reappear.

Immunological response

Immune function was compared before and 
after treatment (Figure 3). With regard to the 

Figure 3. Detection of the number and function of lymphocytes. A. Lymphocyte number in one of the patients in 
group A. Before treatment, the absolute number of total T cells, CD8+ T cells, CD4+ T cells, NK cells and B cells was 
643.06, 192.49, 457.85, 128.31 and 323.65 cell/μL, respectively. After treatment, the absolute number of cor-
responding lymphocytes was 1170.76, 315.27, 858.36, 323.65 and 336.56 cell/μL, respectively. B. Comparison of 
lymphocyte number. After treatment, the number of total T cells, CD8+ T cells, and CD4+ T cells exhibited significant 
increases in group A (P < 0.05) and the number of NK cell increased in both groups (P < 0.05). C. Comparison of 
lymphocyte function. After treatment, levels of Th1-type cytokines increased in group A (P < 0.05) and those of IFN-γ 
increased in both groups (P < 0.05). *P < 0.05; **P < 0.01.
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Figure 4. Detection of the number of CTCs. A. CTC detection in one of the 
patients in group A. Before treatment, the CTCs number was 19/7.5 mL of 
blood. After treatment, the CTC number was 13/7.5 mL of blood. B. The 
number of CTCs in group A decreased significantly after treatment (P = 
0.02). C. Change in CTC levels in group B was not significant (P = 0.18). *P 
< 0.05.

Table 3. Clinical response

Response
Overall Group A Group B

n rate, % n rate, % n rate, %
PR 6 11.1 4 14.8 2 7.4*
SD 31 57.4 17 63.0 14 51.9
PD 17 31.5 6 22.2 11 40.7*
*P < 0.05 versus Group B.

lymphocyte number, the number of total T cells, 
CD8+ T cells and CD4+ T cells exhibited signifi-
cant increases in group A (P < 0.05) and the 
number of NK cells increased in both groups (P 
< 0.05) after treatment. In terms of lymphocyte 
function, levels of IL-2 and TNF-β increased in 
group A (P < 0.05) and those of IFN-γ increased 
in both groups (P < 0.05) after treatment. 
However, changes in the levels of Th2-type 
cytokines were not significant (P > 0.05).

CTC levels

CTC levels were compared be- 
fore and after treatment (Fi- 
gure 4). The number of CTCs  
in group A decreased from 
11.67 ± 5.60 to 8.56 ± 4.10/ 
7.5 mL of blood after treat-
ment (P = 0.02). However, the 
change of CTC levels in group 
B was not significant (P = 
0.18).

Clinical efficacy

Tumor markers

Expression of CEA and NSE in 
the two groups was higher 
than normal 1 day before treat-
ment. After treatment, expres-
sion of CEA and NSE in group A 
was significantly lower than 
that before treatment (P < 
0.05) (Table 2). However, no 
significant difference was 
noted in group B after treat-
ment (P > 0.05).

Treatment response

After 3 months follow-up, none 
of the 54 patients achieved CR 
(Table 3). Four patients (Figure 
5) in group A achieved PR and 

17 patients exhibited SD. Moreover, only 6 
patients exhibited PD in group A. According to 
the RECIST evaluation, the clinical efficacy in 
group A was superior to that in group B (P < 
0.05). 

QOL

The KPS score before treatment in group A and 
B was 73.7 ± 6.4 and 72.8 ± 7.5, respectively. 
Three months after treatment, the KPS score 
was 82.96 ± 13.03 and 75.78 ± 14.83, res- 
pectively. The KPS scores increased in 11 
patients, stabilized in 9 patients, and decrea- 
sed in 7 patients in group A (Table 4); the  
corresponding value was 5, 9 and 13 in group 
B. After treatment, an increase in KPS score  
≥ 10 was seen in 74.7% of patients in the  
group A and 51.9% of those in group B (P < 
0.05).



Cetuximab plus natural killer cells for non-small lung cancer

886	 Am J Cancer Res 2018;8(5):879-891

Table 4. Changes in quality of life
Group n Improved Stabilized Decreased Responsive rate %
Overall 54 18 19 17 68.5%
A 27 11* 9 7* 74.7%*
B 27 5 9 13 51.9%
*P < 0.05 versus Group B.

Figure 5. CT images of two representative cases who achieved PR 3 months 
after treatment in group A. A. Case 1: a 67-year-old male, stage IVA, a 3.9 × 
3.5 cm tumor in the right lung before treatment, CT scan showed that the 
tumor decreased to 2.6 × 2.5 cm. B. Case 2. a 53-year-old male, stage IVA, 
a 3.5 × 3.5 cm tumor in the right lung before treatment, CT scan showed 
that the tumor decreased to 1.7 × 1.3 cm. (Red arrows indicate the tumor). 

PFS and OS

Overall, the median PFS was 6 months in group 
A and 4.5 months in group B (Figure 6A). The 
median OS was 9.5 months in group A and 7.5 
months in group B (Figure 6B). Separately, the 
median PFS was 6 months in patients with ade-
nocarcinoma in group A and 4 months in group 
B (Figure 6C). The median PFS was 7.75 months 
in patients with squamous cell carcinoma in 
group A and 4.5 months in group B (Figure 6D). 
Moreover, the median OS was 9.25 months in 
patients with adenocarcinoma in group A and 
7.25 months in group B (Figure 6E). The medi-
an PFS was 11.5 months in patients with squa-
mous cell carcinoma in group A and 8 months 
in group B (Figure 6F). Treatment in group A 

resulted in a significant pro- 
longation of PFS and OS com-
pared with group B (P < 0.05).

Discussion

Outcomes are poor for patie- 
nts with EGFR-overexpression 
NSCLC, and systemic chemo-
therapy provides only modest 
benefits [27]. EGFR-directed 
tyrosine kinase inhibitors (su- 
ch as erlotinib and gefitinib) 
are established treatment op- 
tions for patients with advan- 
ced NSCLC who have been 
pretreated with platinum-ba- 
sed combinations [28, 29], but 
their addition to first-line che-
motherapy does not improve 
outcomes [30, 31]. There is no 
difference in survival between 
conventional surgery and che- 
moradiotherapy [32], so there 
has been a marked shift in 
conventional therapy towards 
less radical and disfiguring tr- 
eatments. 

Overexpression of EGFR also 
leads to a poor prognosis, so a 
potential strategy to avoid the 
increased risk of recurrence is 
the use of cetuximab, which 
has been reported to prolong 
the survival time [33, 34]. Ce- 
tuximab is a clinically approv- 
ed anti-EGFR monoclonal anti-

body that binds to the extracellular domain of 
the EGFR to block EGFR dimerization, resulting 
in apoptosis and preventing tumor growth [35].

The relationship between cancer, cancer treat-
ments and the immune system is extremely 
complex [36, 37]. The recent success of im- 
munotherapy has highlighted the potential of 
immune-based therapeutic approaches for NS- 
CLC [38-40]. As part of the innate immune sys-
tem, NK cells can kill tumor cells. NK cells com-
prise two subsets, from which the majority (ab- 
out 90%) are phenotypically CD56dimCD16bright 
and exert mainly cytolytic functions, whereas 
the other subset, CD56brightCD16dim NK cells 
exert primarily immune regulatory functions 
[41]. These NK cells kill target cells that lack 
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MHC molecules by activating receptors such  
as NKG2D, NKp30, NKp40, and NKp46. Tumor 
cells are more susceptible to NK cells due to 
their lack of MHC class-I molecules [42, 43]. 
The KIRs present on NK cells prevent them 
from killing tumor cells that express similar 
MHC-I molecules. Hence, several studies have 
assessed the feasibility of NK cells allografts 
as an adoptive treatment for cancer [13, 44].

It has been hypothesized that a combination of 
cetuximab and NK cells therapy may have a 
synergistic effect and enhance the efficacy of 

both treatments [45, 46]. Here, we explore  
the potential of this novel treatment option for 
patients with advanced NSCLC. To our surpri- 
se, we found that combination therapy could 
improve the anti-tumor effect, and enhance 
immune function significantly (P < 0.05). In- 
creases in the number of T cells and NK cells 
may be related to the improvement of cellular 
immunity and prevention of apoptosis of T cells 
[47]. Studies have shown that cytokines such 
as IL-12, IL-21 and TLR can stimulate NK cells 
to produce TNF-β and IFN-γ [48-50]. Therefore, 
increases in levels of Th1-type cytokines may 

Figure 6. Kaplan-Meier estimates of PFS and OS. A. Comparison of PFS between the two groups. B. Comparison 
of OS between the two groups. C. Comparison of PFS between patients with adenocarcinoma in the two groups. 
D. Comparison of PFS between patients with squamous cell carcinoma in the two groups. E. Comparison of OS be-
tween patients with adenocarcinoma in the two groups. F. Comparison of OS between patients with squamous cell 
carcinoma in the two groups.
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be associated with cetuximab use, which can 
activate NK cells and potentiate antibody-de- 
pendent cell-mediated cytotoxicity (ADCC) [46, 
51]. A combination of NK cells therapy with 
cetuximab might not only reduce the tumor cell 
load but also neutralize tumor induced immu-
nosuppression, thereby facilitating the effect  
of immunotherapy.

Moreover, we found that combination therapy 
could reduce levels of CTCs, CEA and NSE sig-
nificantly (P < 0.05). Our previous studies have 
shown that the CTC level is a robust biomarker 
of the effects of immunotherapy and that its 
reduction may be related to tumor shrinkage 
[25, 52]. Therefore, a reduction in CTC levels 
may reflect the fact that NK cells in the blood 
stream target CTCs to prevent metastasis and 
decrease or remove the residual tumor load 
[53]. An increased response rate and QOL 
reflect that combination therapy was superior 
to cetuximab alone for advanced NSCLC pa- 
tients in our study. Furthermore, the prolonga-
tion of PFS and OS in the cetuximab plus NK 
cells therapy group was achieved with an 
acceptable safety profile. In this study, NK cells 
were activated K562-mb15-41BBL (K562D2) 
cells, which express IL-15 and 4-1BBL on the 
K562 cell surface. IL-15 trans-presentation me- 
chanism operates in vivo to augment the tu- 
mor immune surveillance mechanism [54]. In 
the meantime, the activation of NK cells stimu-
lated the production of IL-17A and Granzyme B 
which played an important role in preventing 
tumor development and metastasis [55, 56]. 
Therefore, a prolongation of PFS and OS may 
be associated with the activation of NK cells.

In conclusion, the present study showed that 
combination therapy yielded better outcomes 
in patients with advanced EGFR-overexpressing 
NSCLC. This is the first clinical trial to investi-
gate the safety and efficacy of a combination of 
cetuximab and NK cells therapy. Our study was 
not powered to adequately demonstrate its 
clinical benefit due to the small sample size. 
However, the encouraging survival results ob- 
served suggest that additional long-term fol-
low-up on a larger cohort of patients merits 
consideration to further define the benefits of 
this combination therapy and to provide an 
alternative to chemoradiotherapy for patients 
with advanced EGFR-overexpressing NSCLC. 
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