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Abstract: In the present study, we aimed to compare the clinical outcome of autogeneic 

and allogeneic natural killer (NK) cells immunotherapy for the treatment of recurrent breast 

cancer. Between July 2016 and February 2017, 36 patients who met the enrollment criteria 

were randomly assigned to two groups: autogeneic NK cells immunotherapy group (group I, 

n=18) and allogeneic NK cells immunotherapy group (group II, n=18). The clinical efficacy, 

quality of life, immune function, circulating tumor cell (CTC) level, and other related indicators 

were evaluated. We found that allogeneic NK cells immunotherapy has better clinical efficacy 

than autogeneic therapy. Moreover, allogeneic NK cells therapy improves the quality of life, 

reduces the number of CTCs, reduces carcinoembryonic antigen and cancer antigen 15-3 

(CA15-3) expression, and significantly enhances immune function. To our knowledge, this is 

the first clinical trial to compare the clinical outcome of autogeneic and allogeneic NK cells 

immunotherapy for recurrent breast cancer.
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Introduction
Breast cancer currently represents the most common malignancy and the most common 

cancer-related cause of death among women in both the developing and developed 

world.1,2 Almost 48,000 new cases of breast cancer are diagnosed annually in the UK 

and the annual number of cases has almost doubled during the past three decades.3 To 

date, the majority of small invasive and noninvasive breast cancers are treated with 

breast conservation therapy (BCT), but the recurrence rate after BCT in stage 0, I, and II 

patients ranges between 5% and 22%.4 As recurrent breast cancer cannot be cured, 

the treatment goal in such cases is to control the disease symptoms, relieve pain, and 

prolong survival to the greatest extent possible. Chemotherapy also plays an important 

role in the treatment of recurrent breast cancer;5 however, the related toxicity and side 

effects may influence the health and quality of life (QOL) of patients.6,7 Hence, more 

effective and safer treatments need to be developed to improve the survival and QOL 

of patients with recurrent breast cancer.

The manipulation of the immune system for therapeutic benefit in breast cancer 

patients has been studied for several decades.8–10 The immune system plays a dual role 

in breast cancer-promoting tumorigenesis through inflammatory pathways and sup-

pressing adaptive immunity and preventing tumor formation through active immune 

surveillance. Natural killer (NK) cells are important components of the innate immune 

system and play a critical role in the early host defense against cancer.11,12 They exert 
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their effector function via direct killing of virally infected 

cells and tumor cells and via production of immunoregula-

tory cytokines and chemokines, thereby affecting adaptive 

immune responses.13,14 With advancements in the NK cell 

biology field and enhancements in our understanding of NK 

cell function, NK cell transfer has become a powerful cancer 

immunotherapy tool in cancer treatment. The animal experi-

ments in mice model show that NK cells are responsible for 

inhibiting the formation of progressively growing rapid large 

tumors of breast cells.15–17

There are two types of adoptive NK cells treatment: 

autogeneic and allogeneic; however, not all cancer patients 

exhibit clinical effects after autogeneic NK cells treatment.18,19 

The killer cell immunoglobulin-like receptors (KIRs) pres-

ent on NK cells prevent them from killing tumor cells that 

express similar major histocompatibility complex class I 

(MHC-I) molecules. Hence, in recent years, several studies 

have assessed the feasibility of NK cells allograft (rather 

than autogeneic cells) as an adoptive treatment for cancer. 

The clinical trial assessing the use of unrelated donor alloge-

neic NK cells treatment has indicated that there are no side 

effects in the recipients.20,21

Comparative evaluation of autogeneic and allogeneic NK 

cells immunotherapy in patients with recurrent breast cancer 

is not well documented. Therefore, the purpose of this study 

was to compare the therapeutic efficacy of autogeneic and 

allogeneic NK cells immunotherapy in patients with recur-

rent breast cancer.

Materials and methods
ethics
This clinical trial was registered with the US National 

Institutes of Health (ID: NCT02853903; Ph1/Ph2) and was 

approved by the Ethics Committee of Guangzhou Fuda 

Cancer Hospital. Written informed consent was obtained 

from each participant in accordance with the Declaration 

of Helsinki.

Patient eligibility
Patients with recurrent breast cancer, diagnosed via his-

topathological examination, at Fuda Cancer Hospital 

(Guangdong, China) between July 2016 and February 2017 

were eligible for inclusion in this study. The ideal candidates 

for this clinical trial included those with lifespan .6 months; 

Karnofsky performance status (KPS) score $70; plate-

let count $80×109/L; white blood cell count $3×109/L; 

neutrophil count $2×109/L; hemoglobin $90 g/L; pro-

thrombin time international normalized ratio $1.5; absence 

of level 3 hypertension, severe coronary disease, myelosup-

pression, respiratory disease, and acute or chronic infection; 

and adequate hepatic function (bilirubin ,30 μmol/L, 

aminotransferase ,60 U/L) and renal function (serum crea-

tinine ,130 μmol/L, serum urea ,10 mmol/L). The patients 

were randomly divided into two groups: group I was treated 

with autogeneic NK cells immunotherapy and group II 

was treated with allogeneic NK cells immunotherapy (four 

courses of adoptive transfer of NK cells were performed 

continuously).

nK cells therapy
NK cells were generated according to previously published 

protocols under good manufacturing practice conditions.22 

In brief, peripheral blood mononuclear cells (PBMC) were 

isolated from peripheral blood samples (80 mL) obtained 

from patients (group I) and allogeneic donors (group II). To 

ensure appropriate donor selection, the KIR genotype should 

not match with the human leukocyte antigen (HLA) class I 

molecules of the patient.22–26 The peripheral blood samples 

from allogeneic donors and recipients were tested with the 

TIANamp Blood DNA Kit (Tiangen Biotech Co., Ltd, Bei-

jing, China) and KIR/HLA-Cw Genotyping Low Resolution 

Kit (PCR-SSP) (Super Biotechnology Developing Co., Ltd, 

Tianjin, China).

For NK cells culture, we used the Human HANK Cell 

In Vitro Preparation Kit (Hank Bioengineering Co., Ltd, 

Shenzhen, China), along with lethally radiated K562-mb15–

41BBL (K562D2) stimulatory cells,27 plasma treatment fluid, 

lymphocyte culture fluid additives, serum-free medium addi-

tives, and cell infusion additives. This kit is specially used for 

the expansion and activation of NK cells in peripheral blood 

or umbilical cord blood mononuclear cells in vitro, as well as 

for the preparation of NK cells in greater quantities and with 

higher purity and activity (namely, HANK cells).22 Accord-

ing to the instruction, NK cells were cultured in two plastic 

flasks (T75; Corning Costa, Cambridge, MA, USA) at 37°C 

with 5% CO
2
. After culture, 8–10 billion HANK cells were 

harvested using the NK cell serum-free medium and a culture 

bag (Haoyang Biological Manufacture Co., Ltd, Tianjin, 

China). Final cell counting and quality control inspection were 

performed on day 9 of culture, and the qualified indicators 

included the proportion of living cells $90%; proportion of 

CD56+ CD3- cells $85% (detection via flowcytometry, as 

previously described22); endotoxin content #1 EU/mL; cell 

viability $80% (K562 cells were used as target cells in the cyto-

toxicity assay described previously22); and absence of bacteria, 

fungi, and mycoplasma cultures. All the cell preparation 
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processes were performed by the same technician and were 

assessed by another technician. After 12 whole days of culture, 

the NK cells were counted and washed with saline. The cell 

concentration was adjusted to 20×106/mL with a saline solution 

containing an immune cell infusion additive (HK-005), and 

then divided into three parts and infused intravenously over 

30 min on days 13–15. Right after the infusion, new periph-

eral blood samples were obtained to begin the new course.

Detection of immune function
Peripheral blood sample (2 mL) was drawn 1 day before 

treatment and 1 month after the final transfusion for the detec-

tion of immune function by flow cytometry (FACSanto™ 

II; BD Biosciences, San Jose, CA, USA). The number 

and function of lymphocytes in the peripheral blood of 

patients were tested based on the protocols described in 

the instruction manuals. The BD Multitest 6-color TBNK 

Reagent (BD Biosciences) was used to detect the number 

of CD3+ CD4+ cells (95% CI, 441–2,156 cells/μL), CD3+ 

CD8+ cells (95% CI, 125–1,312 cells/μL), total CD3+ cells 

(95% CI, 603–2,990 cells/μL), CD3-CD19+ cells (95% CI, 

107–698 cells/μL), and CD3-CD16+ CD56+ cells (95% CI, 

95–640 cells/μL). The BD Cytometric Bead Array Human 

Th1/Th2 Cytokine Kit II (BD Biosciences) was used to 

detect the expression levels of interleukin 2 (IL-2) (95% CI, 

8–12.5 pg/mL), IL-4 (95% CI, 3.5–6 pg/mL), IL-6 (95% CI, 

2.7–8.5 pg/mL), IL-10 (95% CI, 1.8–4 pg/mL), tumor 

necrosis factor (95% CI, 1.7–2.5 pg/mL), and interferon 

gamma (95% CI, 1.5–4 pg/mL). The tests were performed 

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.

analysis of circulating tumor cell levels
Peripheral blood sample (7 mL) was drawn 1 day before 

treatment and 1 month after the final transfusion for the 

detection of circulating tumor cell (CTC) levels. PBMC from 

the peripheral blood sample were separated using the human 

peripheral blood lymphocyte separation liquid (Haoyang 

Biological Manufacture Co., Ltd.) and were washed twice 

with sterile Hank’s balanced salt solution (Thermo Fisher 

Scientific, Waltham, MA, USA). Isolated cells were enriched 

via binding to magnetic CD326 (EpCAM) MicroBeads 

(Miltenyi Biotech Ltd., Bergisch Gladbach, Germany) using 

magnetic activated cell sorting. Enriched isolated cells were 

then labeled with monoclonal antibodies targeting epithelial 

cell antigens CD45, CD326, and cytokeratins 8, 18, and 19 

(Miltenyi Biotech Ltd.) and incubated in the dark at room 

temperature for 12 min. Antibodies specific for leukocytes 

(CD45) labeled with phycoerythrin (PE) (10 μL), specific 

for epithelial cells (cytokeratins 8, 18, and 19) labeled with 

fluorescein isothiocyanate (FITC) (10 μL), and specific for 

epithelial cells (CD326/Ep-CAM) labeled with allophyco-

cyan (10 μL) were added to 7.5 mL of blood. Cell pellets were 

resuspended in 500 μL PBS and counted by flow cytometry 

using a BD FACSCanto™ II apparatus (BD Biosciences). 

Cells that were CD45-negative, and CK- and CD326-positive 

were defined as CTCs.

Follow-up
adverse effects
The adverse effects were classified in accordance with the 

Common Terminology Criteria of Adverse Events, v4.0 

(CTCAE v4.0) and were recorded by grade (level of sever-

ity) on a scale of 1–5.

response to treatment
Breast-enhanced spiral computed tomography (CT) was 

performed at 1 week before treatment, and at 1 and 2 months 

after the final transfusion to observe the treatment effect. All 

the CT images were assessed by the same two diagnostic 

radiologists with specific expertise in breast imaging. The 

treatment effect was evaluated by analyzing the average 

variation of maximum transverse diameter and CT value 

of tumors. According to the Response Evaluation Criteria 

in Solid Tumors (RECIST),28 the therapeutic effect was 

classified as complete response (CR; arterial enhancement 

imaging indicated disappearance 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 

progressive disease [PD] status), and PD (the sum of the 

diameter of the tumors increased by .20%). The response 

rate considered both CR and PR.

Quality of life
After the final transfusion, the patients were divided based on 

the KPS score into the improved QOL group (KPS increased 

by $10), stable QOL group (KPS increased by ,10), and 

reduced QOL group (KPS reduced by $10).

changes in biochemical indicators
The expressions of CA15-3 and CEA were examined before 

treatment, and at 1 and 2 weeks and 1 month after the final 

transfusion.
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statistical analysis
Radiographic local tumor control was assessed using image-

guided tumor ablation criteria.29 SPSS version 13.0 (IBM 

Corporation, Armonk, NY, USA) was used for the statisti-

cal analyses, and the results were expressed as the mean ± 
standard deviation values. GraphPad Prism 5 (GraphPad 

Software, San Diego, CA, USA) was used to plot graphs. 

All statistical tests were two-sided, and the differences were 

considered significant at P,0.05.

Results
Patients
A total of 36 patients with recurrent breast cancer were 

included in the study and were randomly assigned to two 

groups (18 in each group). The demographic and clinical char-

acteristics of the two groups were compared, and no significant 

between-group differences were observed (P.0.05, Table 1).

adverse effects
All the adverse effects experienced by the patients, includ-

ing local (mainly nausea, emesis, chest distress, and hypo-

glycemia) and systemic (mainly chills, fatigue, and fever) 

effects, during the study were recorded. The occurrence of 

adverse events was compared using the chi-square test, and 

no significant between-group difference was noted (P.0.05, 

Figure 1). No other side effects, such as blood or bone marrow 

changes, were detected. All the adverse events were classified 

as Grade 1; after symptomatic treatment, all the symptoms 

were relieved within a day and did not reappear.

immune function detection
Lymphocyte count and function were compared before 

treatment and after the final transfusion. The test data of all 

patients before treatment were merged and compared with 

the test results obtained after the final transfusion (Table 2). 

Table 1 Patient clinical information

Characteristics Group I 
(n=18)

Group II 
(n=18)

P-value

age (years) 0.502
,50 7 9
$50 11 9

Degree of differentiation 0.915
high 7 8
Moderate 6 6
Poor 5 4

Tumor histology 0.832
invasive ductal carcinoma 15 14
invasive lobular carcinoma 1 2
Others (mixed, mucinous, 
metaplastic, apocrine)

2 2

approximated tumor subtype 0.788
her2-positive 3 4
her2-negative/hr-positive 13 13
Triple negative 2 1

Previous therapy 0.959
surgery 16 14
chemotherapy 12 9
radiotherapy 8 7

clinical stage (aJcc) 0.735
iii 10 11
iV 8 7

KPs 0.765
70 4 3
80 5 7
90 9 8

Abbreviations: aJcc, american Joint committee on cancer staging system; her2, 
human epidermal growth factor receptor 2; KPs, Karnofsky performance status.

Figure 1 adverse effects of the two treatment.
Note: The adverse effects observed were classified as Grade 1, and their incidence 
rate was not significantly different between the two groups (P.0.05).

Table 2 comparison of immune function between the two 
groups

Lymphocyte 
test

Detection results

Pretreatment 
(n=36)

Group I 
(n=18)

Group II 
(n=18)

Number (cells/μL)
Total T cell 1,302±48 1,431±60* 1,758±45**
cD8+ T cell 619±12 625±26 638±15
cD4+ T cell 713±28 718±23 737±19
nK cell 432±41 498±46* 621±52***
B cell 318±36 346±23 428±46**
Function (pg/mL)
il-2 9.4±2.1 13.5±3.8* 24.6±4.1***
TnF-β 3.6±1.3 8.3±1.8* 13.4±2.6**
iFn-γ 3.5±0.9 5.8±2.6 13.2±1.9**
il-4 9.8±2.7 10.2±2.0 10.8±2.3
il-6 13.2±3.2 15.5±2.5 15.1±2.8
il-10 9.3±2.4 9.6±1.7 10.1±2.8

Notes: Data are presented as the mean ± sD. each cell subset or cytokine was 
analyzed by the student’s t-test; *P,0.05, **P,0.01, ***P,0.001 versus pretreatment.
Abbreviations: iFn-γ, interferon gamma; il, interleukin; nK, natural killer; TnF-β, 
tumor necrosis factor-β.
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With regard to the lymphocyte count, the absolute number 

of total T cells, NK cells, and B cells exhibited significant 

increases in group II after treatment (P,0.01). In terms of 

lymphocyte function, the Th1-type cytokine levels exhibited 

significant increases in group II after treatment (P,0.01), 

whereas the changes in the levels of Th2-type cytokines were 

not significant (P.0.05).

analysis of cTc levels
The CTC levels were compared before treatment and after the 

final transfusion (Figure 2). The number of CTC in group II 

decreased significantly (P,0.01), from 13.13±5.83 before 

treatment to 6.88±4.95 at 1 month after the final transfusion. 

In contrast, the changes in CTC levels in group I were not 

significant (P.0.05). The representative results from one of 

the study patients are shown in Figure 3.

response to treatment
The maximum transverse diameter and CT value are shown 

in Table 3. The tumor volume and CT value of the two 

groups decreased at 1 and 2 months after the final transfusion. 

Moreover, the maximum tumor diameter and CT value were 

both significantly lower in group II than in group I (P,0.05). 

The representative results from one of the study patients are 

shown in Figure 4.

Clinical efficacy was evaluated at 2 months after the final 

transfusion (Table 4). According to the RECIST evaluation, 

3 (16.67%) patients in group II achieved PR and 12 (66.67%) 

patients exhibited SD. Moreover, in group II, only 3 (16.67%) 

patients exhibited PD. The clinical efficacy in group II was 

superior to that in group I, which indicated PR in 1 (5.56%) 

patient (P,0.05), SD in 10 (55.56%) patients (P.0.05), and 

PD in 7 (38.89%) patients (P,0.05).

Figure 2 changes in the cTc level before treatment and 2 months after treatment.
Notes: (A) Changes in the CTC levels in group I were not significant (P.0.05). (B) The CTC level in group II decreased significantly at 2 months after treatment (P,0.01). 
**P,0.01.
Abbreviation: cTc, circulating tumor cell.

Figure 3 (Continued)
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Table 3 Maximum transverse diameter and cT value of the 
lesions before and after treatment

Time Diameter (cm) CT value (HU)

Pretreatment
group i (n=18) 4.49±1.26 41.21±6.77
group ii (n=18) 4.53±1.68 43.09±5.68
1 month after treatment
group i 4.22±1.03 37.72±3.12
group ii 4.17±1.27 38.11±2.06
2 months after treatment
group i 3.93±1.38 35.93±3.25
group ii 3.37±1.49* 30.17±4.68*

Notes: Data are presented as the mean ± sD. The data were analyzed using the 
student’s t-test; *P,0.05 versus group i.
Abbreviation: cT, computed tomography.

Quality of life
The KPS score in groups I and II was 66.7±5.0 and 71.1±5.9, 

respectively, before treatment, and it was 78.8±5.6 and 

84.3±5.4, respectively, at 2 months after the final transfusion. 

The KPS score of the two groups markedly improved after 

treatment (Figure 5A, P,0.05); moreover, the KPS score 

in group II was significantly higher than that in group I at 

2 months after treatment (Figure 5B, P,0.05).

changes in biochemical indicators
As indicated by the biochemical examination results shown 

in Figure 6, the expressions of CEA and CA15-3 in the two 

groups were higher than normal at 1 day before treatment, 

and it decreased gradually at 1 and 2 weeks and 1 month after 

the final transfusion. There was no significant difference between 

the two groups at 1 and 2 weeks after treatment (P.0.05), 

but CEA and CA15-3 expression was significantly lower in 

group II than in group I at 1 month after treatment (P,0.05).

Figure 3 Flow cytometry images of a 53-year-old patient in group ii.
Notes: (A) The cTc number of the patient was 21 before treatment. (B) after treatment, the cTc number reduced to 9.
Abbreviations: APC, allophycocyan; CTC, circulating tumor cell; FITC, fluorescein isothiocyanate; PE, phycoerythrin.

Figure 4 cT images of a 46-year-old patient with breast cancer.
Notes: (A) cT scan of the patient showing a soft tissue mass (8.0×3.8×5.7 cm) 
with ill-defined margins in the right breast. Enhanced CT demonstrated moderate 
heterogeneous enhancement of the mass. There are many swollen lymph nodes 
in armpit, and the larger ones are about 2.9×1.7×3.8 cm. (B) at 2 months after 
treatment, the size of mass reduced to 6.8×3.5×5.8 cm with mild heterogeneous 
enhancement. The larger swollen lymph node was shrunk obviously. The red arrows 
indicate the tumor.
Abbreviation: cT, computed tomography.
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Table 4 comparison of the curative effect between the two 
groups at 2 months post-treatment

Group n CR PR SD PD RR

i 18 0 1 (5.56) 10 (55.56) 7 (38.89) 5.56
ii 18 0 3 (16.67)** 12 (66.67) 3 (16.67)* 16.67**

Notes: Data presented as the number (%) of patients. The data were analyzed by 
the chi-square test; *P,0.05, **P,0.01 versus group i.
Abbreviations: cr, complete response; PD, progressive disease; Pr, partial 
response; rr, response rate; sD, stable disease.

Figure 5 changes in the KPs.
Notes: (A)The KPS at 2 months after treatment exhibited significant improvement compared to the score before treatment in both groups. (B) The KPS was significantly 
greater in group ii than in group i after treatment. *P,0.05.
Abbreviation: KPs, Karnofsky performance status.

Discussion
Breast cancer is the most frequently diagnosed type of cancer 

in women worldwide. Although surgery, chemotherapy, 

radiotherapy, and endocrine therapy have greatly enhanced the 

clinical outcomes, the recurrence rate of breast cancer remains 

high.30 As there is no difference in survival rate between BCT 

and mastectomy, there has been a marked shift in surgical 

therapy toward less radical and disfiguring treatments.31

Cancer development and progression in patients with 

recurrent breast cancer are known to be influenced by immune 

responses to the tumor.32,33 The recent success of immu-

notherapy has highlighted the potential of immune-based 

therapy approaches for breast cancer treatment.9,34,35 As a 

part of the innate immune response, NK cells serve as the 

body’s first line of defense against infected or transformed 

cells. NK cells recognize and eliminate their target cells that 

lack self-MHC-I molecules by activating receptors such as 

NKG2D, NKp30, NKp40, and NKp46. Tumor cells are more 

susceptible to NK cells because of their lack of MHC class I 

molecules.36,37 There are two types of NK cells treatment, 

autogeneic and allogeneic. It is generally accepted that 

allogeneic NK cells may be more potent in the treatment of 

malignancies.21,38,39

In the present study, we prospectively compared the 

clinical outcomes of autogeneic and allogeneic NK cells 

immunotherapy in patients with recurrent breast cancer in 

order to obtain information regarding which type of NK cells 

immunotherapy can improve patients’ clinical outcomes. 

We found that allogeneic NK cells therapy showed better 

outcomes than autogeneic NK cells therapy with regard to 

improving the antitumor effect and enhancing the immune 

function of patients. The increase in the total number of T cells 

and NK cells observed after allogeneic NK cells therapy may 

be related to the improvement of cellular immunity and pre-

vention of apoptosis of T cells.40 Immunocytokines can induce 

tumor-specific T cells selectively and activate NK cells to sites 

of tumor. The increase in the expression of Th1 cytokines may 

be related to the activation of NK cells.41 Therefore, allogeneic 

NK cells therapy can improve the body’s immunosuppres-

sion status by promoting the immunocytokines functions. 

Moreover, allogeneic NK cells can markedly decrease the 

levels of CTCs, CEA, and CA15A. Our previous studies have 

shown that the CTC level is a robust biomarker of the effects 

of immunotherapy and its decrease may be related to tumor 

shrinkage.42,43 Therefore, the decrease in CTC level observed 

in the present study may reflect the efficacy of treatment. 

Furthermore, the clinical efficacy and QOL of patients treated 
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Figure 6 changes in the biochemical indicators.
Notes: (A) The expression of cea was lower in group ii than in group i at 1 month after treatment. (B) The expression of ca15-3 was lower in group ii than in group i 
at 1 month after treatment. *P,0.05.
Abbreviations: ca15-3, cancer antigen 15-3; cea, carcinoembryonic antigen.

with allogeneic NK cells therapy were markedly improved 

compared to those treated with autogeneic NK cells therapy. 

On the other hand, the postoperative adverse effects were 

minimal. Thus, observations indicate that allogeneic NK cells 

therapy is more beneficial for recurrent breast cancer.

In conclusion, allogeneic NK cells immunotherapy yields 

better outcomes in recurrent breast cancer patients. Further-

more, to our knowledge, this is the first clinical trial (ID: 

NCT02853903; Ph1/Ph2) to compare the clinical outcome 

of autogeneic and allogeneic NK cells immunotherapy for 

recurrent breast cancer. However, further research is needed 

to evaluate the progression-free survival and overall survival 

associated with allogeneic NK cells immunotherapy in recur-

rent breast cancer.
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