
Vol.:(0123456789)1 3

Annals of Hematology (2023) 102:3229–3237 
https://doi.org/10.1007/s00277-023-05471-4

ORIGINAL ARTICLE

A pilot study of cord blood-derived natural killer cells as maintenance 
therapy after autologous hematopoietic stem cell transplantation

Yuling Wu1 · Yue Wang2 · Jie Ji1 · Pu Kuang1 · Xinchuan Chen1 · Zhigang Liu1 · Jian Li1 · Tian Dong1 · Xuelian Li2 · 
Qiang Chen2 · Ting Liu1 

Received: 14 March 2023 / Accepted: 20 September 2023 / Published online: 29 September 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Natural killer (NK) cell based immunotherapy is an emerging strategy in hematologic malignancies because allogeneic NK 
cells can provide potent antitumor immunity without inducing graft-versus-host disease. Thus, we expanded cord blood-
derived NK (CB-NK) cells ex vivo from random (MHC mismatched and KIR mismatched) donors, and investigate the 
feasibility and efficacy of repeated infusions CB-NK cells as maintenance therapy after autologous hematopoietic stem cell 
transplantation (ASCT). Thirty-one patients with acute myeloid leukemia and high-risk lymphoma received ASCT and the 
adoptive CB-NK cell multiple infusions for maintenance therapy. Patients received a median dose of 5.98 ×  107/kg (range, 
1.87-17.69 ×  107/kg) CB-NK cells and 23 patients completed four infusions, 8 patients received three infusions. Only mild 
infusion reactions occurred in 15.5% of 116 infusions. Compared to a contemporaneous cohort of 90 patients who did not 
receive NK cell therapy, the adoptive transfer of CB-NK cells as maintenance treatment showed a tendency of difference in 
decreasing the relapse rate between CB-NK group and control group (9.7% vs 24.4%). The patients who receiving NK cell 
infusions had a better PFS and OS than controls (4 year PFS, 84.4 ± 8.3% vs 73.5 ± 5.4%; and 4 year OS, 100% vs 78.1 ± 
5.4%) . These findings demonstrate safety and validity of maintenance therapy using CB-NK cells multiple infusions after 
ASCT, and it is worthy of further clinical trial verification.

Keywords Cord blood-derived natural killer cells · Maintenance therapy · Autologous hematopoietic stem cell 
transplantation · Lymphoma · Acute myeloid leukemia · Yuling Wu, Yue Wang, and Jie Ji contributed equally to this work.

Introduction

Autologous hematopoietic stem cell transplantation (ASCT) 
has been recommended as an effective treatment strategy 
for several hematologic malignancies. Many studies 
demonstrated that ASCT remarkably reduced the relapse 
rate and increased the survival compared to chemotherapy 
in patients with favorable and intermediate risk acute 
myeloid leukemia (AML) in first complete remission (CR) 
and the high risk non-Hodgkin's lymphoma (NHL) [1–5]. 

Compared the clinical outcomes of ASCT with allogeneic 
hematopoietic stem cell transplantation (allo-HSCT) in the 
above disease subtypes, the results showed comparable 
outcomes regarding to overall survival (OS) and progress-
free survival (PFS) [6–8]. Although ASCT have substantially 
improved the disease prognosis, tumor relapse still remains 
the major cause for the treatment failure. So it is essential to 
explore maintenance therapy after ASCT to mitigate relapse 
rate and enhance curative efficacy.

NK cells comprise an essential part of the cellular immune 
system, with latent capacity to rapidly kill tumor cells and 
virally infected cells. As in allo-HSCT, higher absolute 
NK cell numbers in the early posttransplant period were 
associated with lower relapse and improved survival, and 
early immune reconstitute after ASCT has been associated 
with prolonged survival [9,10]. Discovery of the NK cells 
anti-tumor effect is perhaps one of the greatest scientific 
milestones of the past two decades and have helped develop 
cell therapy platforms based precisely on the HLA differences 
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between donor and recipient [11]. Allogeneic NK cells that 
express inhibitory receptors, such as killer immunoglobulin-
like receptors (KIRs), and that are not inhibited by the HLA 
molecules of the patient’s tumor cells cause a powerful anti-
tumor effect (KIR-HLA mismatch). Many studies applied the 
adoptive allogeneic NK cell infusions to enhance NK cell 
function to prevent tumor relapse and have been primarily 
successful in patients with AML [12–14]. For the same 
reason, the adoptive haploidentical donor- or cord blood-
derived allogeneic NK cell infusions have also been used for 
the ASCT patients [15,16]. This provides the rationale for 
testing the use of major histocompatibility complex (MHC) 
mismatched and KIRs mismatched allogeneic NK cells for 
cellular therapy to contribute to a graft versus tumor effect, 
and prevent relapse after ASCT.

In this study, we hypothesized that multiple infusions of 
high numbers of mature, fully functional allogeneic CB-NK 
cells as maintenance treatment after ASCT would improve 
antitumor effect and reduce relapse rate in hematologic 
malignancies. To verify the concept, we performed a single-
arm study to determine the safety and clinical efficacy of 
multiple infusions of CB-NK cells after ASCT.

Material and methods

Patient population

From January 2017 to December 2021, the patients with 
favorable- and intermediate-risk AML and high-risk NHL 
who received ASCT hospitalized in West China Hospital 
were recruited in this study. Risk stratification was carried 
out for AML based on European Leukemia Net (ELN) 
recommendations [17] and high-risk lymphomas were 
defined as one of the following conditions: 1) high-risk 
diffuse large B-cell lymphoma (DLBCL) according to 
Revised International Prognostic Index (R-IPI) at diagnosis 
[18]; 2) DLBCL with the expression of both MYC and B-cell 
lymphoma 2 (BCL2) proteins (double-expressor lymphoma, 
DEL), and B-cell lymphoma accompanied by MYC and BCL2 
rearrangements (double-hit lymphoma, DHL); 3) relapsed and 
refractory NHL; and 4) T-NHL, including: peripheral T-cell 
lymphoma (PTCL) and extra-nodal NK/T-cell lymphoma 
(ENKTL) in the advanced stage. Other inclusion criteria 
involved Eastern Cooperative Oncology Group (ECOG) 
performance status ≤ 2, adequate cardiac function (left 
ventricular ejection fraction ≥ 40%), lung function (forced 
expiratory volume per second [FEV1]/forced vital capacity 
[FVC] ˃ 70%), hepatic function (alanine aminotransferase 
[ALT] and aspartate aminotransferase [AST] ≤ 2.5 the upper 
limit of normal [ULN] and total bilirubin ≤ 1.5 ULN) and 
renal function (creatinine clearance ≥ 50 mL/min).

All research was reviewed and approved by the Ethics 
Committees of West China Hospital, Sichuan University, 
and the written informed consent was obtained from all 
patients. This study was registered at clini caltr ials. gov 
(NCT05250362).

Treatment

The conditioning regimens of ASCT for AML included FAB 
(fludarabine-cytarabine-busulfan), Chi-FAB (chidamide + 
FAB) and Chi-CAB (chidamide- cladribine-cytarabine-
busulfan), and the regimens for NHL were Chi-CGB (chid-
amide-cladribine-gemcitabine-busulfan), BeEMA (benda-
mustine-etoposide-melphalan-cytarabine), and Chi-BeEMA 
(chidamide + BeEMA). When the clinical setting showed 
hematopoietic engraftment and blood cell counts recov-
ery (usually at day +30 after ASCT), the patients started 
to receive ex vivo-expanded CB-NK cell product infusion 
at a dose of 4.5×109 nucleated cells (mean 5.98 ×107/kg 
NK cells) every three months for four times in the first year 
post transplant (Fig. 1). No immunosuppression agent was 
given prior to CB-NK cells infusion, and only promethazine 
was mandated to prevent anaphylaxis. During every course 
of infusion, the total dose of 4.5×109 nucleated cells were 
administered into two split doses1.5×109 and 3.0×109, intra-
venously infusing in 30-60min for two consecutive days.

In addition to CB-NK cell infusions, some agents were 
also available for the maintenance therapy after ASCT, 
including interleukin-2 for AML patients, rituximab, 
anti-PD-1 antibody, lenalidomide, chidamide, and BTK 
inhibitors for NHL patients.

CB‑NK cell production

Cord blood units were obtained from the Sichuan Cord 
Blood Bank after obtaining informed consent as donation 
for cord blood stem cell banking with the compliance of 
the ethical committee review board of Sichuan Cord Blood 
Stem Cell Bank (LL-20100310-QX-1; LL-20151029-QD-1). 
CB-NK expansion ex vivo was under a good manufacturing 
practice (GMP)-compliant culture method. We used a feeder 
cell-free NK cell expansion system to obtain a high quan-
tity of highly pure NK cells from cord blood mononuclear 
cells (CBMCs). The detailed description of the method was 
presented in the patent (CN107384859A). Briefly, CBMCs 
were isolated by Ficoll density gradient centrifugation from 
fresh CB units and cultured at 37 °C with 5%  CO2 for 14 
days in gas permeable bioreactors in X-VIVO 15 medium 
supplemented with 5-10% human serum in the presence 
of 500 U/mL IL-2 and 30 ug/mL IL-15 at the initial con-
centration of (0.8-1.0) ×106/mL. At the end of culture (day 
14), quality controls were performed involving microbial 
detection, cell number, viability and cellular composition of 
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cultures. Final NK product release criteria included sterile, 
endotoxin assay < 2 IE/mL and cell viability of ≥ 80%.

Phenotype and function of expanded NK cells

After expansion cultures, phenotypic and functional 
characteristics of expanded NK cells were assayed by 
flow cytometry. Expanded NK cells were stained with the 
following antibodies: anti-CD3, anti-CD56, anti-CD16, 
anti-CD69, anti-NKp30, anti-NKp44, anti-NKp46, anti-
NKG2D, anti-CD69, anti-CD96, anti-NKG2A, anti-CD158; 
KIR2DL1/S1/S3/S5 and anti-TIGIT. To estimate NK cells 
cyto-toxicity, expanded NK cells were co-incubated with 
carboxyfluorescein succinimidyl ester (CFSE)-labeled K562 
for 4 hours at an effector-to-target (E:T) ratio of 5:1 assaying 
7-aminoactinomycin D (7AAD) uptake as described [19]. 
Sample acquisition was performed on the CytoFLEX 
(Beckman Coulter) and data were analyzed with CXP 
software (Beckman Coulter).

Clinical assessment

The primary objective was to evaluate the safety and 
tolerability of CB-NK cells infusion. An evaluation of 
adverse effects was conducted using National Cancer 
Institute Common Toxicity Criteria (Version 4.0.3) [20]. 

Secondary objectives were to estimate relapse rate (RR), 
PFS, and OS. Response of acute leukemia was evaluated by 
bone marrow aspiration at 1, 2, 3, 4, 6, 9 and 12 months after 
transplantation and every 6 months thereafter according 
to ELN 2017 criteria. The lymphoma stage was assessed 
by positron emission tomography-computed tomography 
(PET/CT) when 1 month prior to study, as well as 3, 6, 9 
and 12 months after transplantation, then every 6 months 
for 2 years, and then yearly. Response assessment was in 
accordance with the Lugano 2014 criteria [21].

Statistical methods

This was a single-arm pilot study that sequentially included 
31 patients with AML or NHL after they obtained disease 
CR. The patients with the same disease status during the 
same period who had received ASCT without NK cells 
infusion were used as contemporaneous control for survival 
analysis. PFS duration was defined as the time from 
transplantation to treatment failure (relapse, progression 
or death) or last follow-up. OS was calculated as the time 
from transplantation to death or last contact. The survival 
curves were estimated using the Kaplan-Meier method 
and compared by the log-rank tests. Comparison of patient 
characteristics among two groups was accomplished by the 
Fisher’s exact test for categorical variables and the Wilcoxon 

Fig. 1  Treatment schema for the clinical study of adding infusions of 
expanded umbilical cord blood NK cells to the maintenance therapy 
after autologous hematopoietic stem cell transplantation (ASCT). 

Chi, chidamide; FA, fludarabine;Ara-c, cytarabine; BUS, busulfan; 
CDA, cladribine; GEM, gemcitabine; Benda, bendamustine; VP-16, 
etoposide; MEL, melphalan
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rank-sum test for continuous variables. P value < 0.05 was 
considered as significant. Data were analyzed using SPSS 
(version 22, SPSS, Chicago, IL, USA) and GraphPad Prism 
8.0 (GraphPad Software, San Diego, CA, USA) software.

Results

Patients and characteristics

In total, 121 patients who were compliance with inclusion 
criteria received ASCT from 2017 to 2021 in West China 
Hospital. Among them, 31 patients with median age of 40 
years (range, 15-60 years) followed by CB-NK cells multiple 
infusions as maintenance therapy after ASCT on a voluntary 
basis. In control group, 90 patients with median age of 46 
years (range, 16-68 years) underwent ASCT without CB-NK 
cells infusions. Patient demographic and clinical character-
istics are summarized in Table 1. In CB-NK infusion group, 
diagnoses include AML (n = 10), B-cell non-Hodgkin lym-
phoma (n = 18), and mature T cell or NK/T cell lymphoma 
(n = 3). Favorable and intermediate risk AML patients each 
accounted for 50%. 29 patients achieved CR1 (93.5%), and 
1 patient was in CR2 (3.2%), another was in PR (3.2%). In 
control group, 90 patients including AML (n = 12), B-NHL 
(n= 57) and mature T cell or NK/T cell lymphoma (n=21). 
Cytogenetic analysis showed favorable-risk AML in 8 cases 
and intermediate-risk AML in 4 cases. 77 patients achieved 
CR1(85.6%), and 11 patients were in CR2 or CR3(12.2%), 
other 2 were in PR(2.2%). The baseline analysis of clinical 
characteristics was performed, and the results showed either 
AML or NHL patients in CB-NK group or control group 
were comparable (Table 1, Supplementary Table S1 and S2). 
In all ASCT patients, the median CD34+ cells infused was 
2.87 ×  106/kg (range, 1.37-10.69 ×  106/kg), and successful 
engraftment was achieved by all patients. The median time 
to neutrophil engraftment (absolute neutrophil count ˃ 0.5 × 
 109/L) and platelet engraftment (absolute platelet count ˃ 20 
×  109/L) was 10 days (range, 8-13 days) and 13 days (range, 
9-21 days). Baseline and engraftment characteristics were 
not statistically different between CB-NK group and control 
group. In control group, a patient showed a delayed platelet 
recovery and the time to platelet engraftment was 97 days.

Expanded CB‑NK cell product

A total of 116 CB-NK culture products were completed with 
the mean total nucleated cells viability of 98.45% (range, 
89.11-99.72%). The median CD3-CD56+ and  CD3+ content 
of the expanded CB-NK cell products was 84.35% (range, 
50.2-98.3%) and 11.88% (range, 0.94-48.76%), respectively, 
and the wide range of NK cell and T cell proportions was 
likely due to the substantial variability of cord blood NK 

cells in CB units and the manufacture skill improvement. NK 
cells killed K562 cells with 85.99% (range, 53.88-93.90%) 
lysis at an E:T ratio of 5:1 (Table 2). Phenotype analysis 
of expanded CB-NK cells was performed in expanded 
products. All CB-NK cells expressed activating as well as 
inhibitory receptors in varying degrees. The phenotype of 
 CD56+CD3- cells expressed high levels of the activating 
receptors CD16 (median 74.45%; range 24.08-95.93%), 
NKG2D (median 91.07%; range 67.94-99.24%), NKp30 
(median 84.46%; range 30.51-94.68%), NKp44 (median 
75.86%; range 55.04-93.14%) and NKp46 (median 74.79%; 
range 28.91-87.07%). (Fig. 2) 

CB‑NK cells infusion

Thirty-one patients received a median dose of 5.98 ×107/
kg (range, 1.87-17.69 ×  107/kg) NK cells and 23 patients 
completed four infusions, 8 patients received three infusions. 
Only mild toxicities were associated with CB-NK cells 
infusion therapy, which was well tolerated. The incidence 
of nonhematologic adverse events in 116 infusions was 
extremely low, including chills, fatigue, fever, vomiting 
headache, rash, myalgia and edema limbs (Table 3). No 
significant hematologic toxicities and graft-versus-host 
disease(GVHD) were observed in all patients.

Patient outcomes

The median follow-up time of CB-NK group and control was 
30.13 (9.93- 57.23) months and 29.43 (3.23-57.8) months, 
respectively. During the total follow-up time, there was a 
tendency of difference of relapse rate between CB-NK group 
and control group (9.7% vs 24.4%; P = 0.080). The patients 
who receiving NK cell infusions had a better PFS and OS 
than controls (4 year PFS, 84.4 ± 8.3% vs 73.5 ± 5.4%; P 
= 0.060; and 4 year OS, 100% vs 78.1 ± 5.4%; P = 0.016). 
In respect of the two major disease categories, in AML, 4 
year PFS, 88.9% vs 81.5%, P = 0.499; 4 year OS, 100% vs 
88.9%, P = 0.317; and in NHL, 4 year PFS, 80.2% vs 72.1%, 
P = 0.154; 4 year OS, 100% vs 76.1%, P = 0.046) (Fig. 3).

Discussion

This is a pilot study on the high doses of ex  vivo-
expanded allogeneic CB-NK cells multiple infusions were 
administered as long-term maintenance therapy after ASCT. 
Compared to a contemporaneous patient cohort without 
NK cell infusions, there was a tendency of difference of 
decreased the relapse rate (9.7% vs 24.4%) and improved 
4-year PFS (84.4% vs 73.5%) and OS (100% vs 78.1%) 
in CB-NK cell infusions patients. The higher number of 
CB-NK cells were successfully generated and safely infused, 
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resulting in a promising method of using MHC mismatched 
and KIRs mismatched allogeneic CB-NK cells for cellular 
therapy to contribute to a graft versus leukemia/tumor effect, 
and prevent relapse of AML and high-risk lymphoma after 
ASCT. The efficacy and safety of a single dose or multiple 
doses of adoptive NK cells transferring were previously 
studied in hematologic malignancies. In a non-HSCT 
setting, adequate lymphodepletion and exogenous IL-12 or 
IL-15 could lead to expansion and persistence of adoptively 

transferred haploidentical NK cells or CB-NK cells in vivo 
[22,23]. Infusion of allogeneic NK cells could induce 
remission and be against leukemia relapse in poor-prognosis 
and relapsed AML patients [24,25]. In transplant setting, 
either for allo-HSCT or ASCT, the adoptive immunotherapy 
with allogeneic NK cells derived from donor or cord blood 
in the period of peritransplant improved NK-cell immune 
reconstitution, decreased the tumor relapse rate and the 
incidence of viral reactivation, and achieved better survival 

Table 1  Patient characteristics.

Abbreviations: AML, acute myeloid leukemia; DLBCL, diffuse large B-cell lymphoma; HGBL, High-grade 
B-cell lymphoma; ENKTCL, extra-nodal natural killer/T-cell lymphoma; PTCL, peripheral T-cell lym-
phoma; ALCL, anaplastic large cell lymphoma; ELN, European Leukemia Net; CR, complete response; 
FAB, fudarabine+cytarabine+busulfan; ChiFAB, chidamide+FAB; BeEMA, bendamustine+etoposide+cy
tarabine+melphalan; ChiBEAM, chidamide+BeEMA; Chi-CAB, chidamide+cladribine+cytarabine+busul
fan; Chi-CGB, chidamide+cladribine+gemci-
tabine+ busulfan.

Characteristic CB-NK group (N=31) Control group (N=90) P value

Age: median (range), year 40 (15-60) 46 (16-68) 0.224
Gender: male/female 16/15 42/48 0.634
Diagnoses, n (%)
AML 10 (32.3%) 12 (13.3%) 0.206
 M1 2 3
 M2 5 6
 M4 0 3
 M5 2 0
 M6 1 0
B-NHL 18 (58.1%) 57 (63.3%) 0.471
 DLBCL 15 52
 HGBL 2 4
 Burkitt 1 1
T-NHL 3 (9.7%) 21 (23.3%) 0.194
 ENKTCL 1 16
 PTCL 1 3
 ALCL 1 2
ELN risk-stratification in AML, n (%) 0.666
 Favorable 5 (50.0%) 8 (66.7%)
 Intermediate 5 (50.0%) 4 (33.3%)
Disease status at transplant, n (%) 0.407
 CR1 29 (93.5%) 77 (85.6%)
 CR2/CR3 1 (3.2%) 11 (12.2%)
 PR 1 (3.2%) 2 (2.2%)
Conditioning regimen, n (%) 0.208
 ChiFAB 6 (19.4%) 10 (11.1%)
 ChiCAB 3 (9.7%) 2 (2.2%)
 ChiCGB 18 (58.1%) 61 (67.8%)
 ChiBEAM 1 (3.2%) 9 (10.0%)
 FAB/BeEMA 3 (9.7%) 8 (8.9%)
CD34+  (106/kg) 2.87 (1.37-10.69) 2.53 (1.54-12.62) 0.952
Engraftment: median (range), days
 Neutrophil 10 (8-13) 10 (8-19) 0.756
 Platelet 13 (9-21) 13 (9-97) 0.152
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[12–16,26]. In our study, the multiple infusions of allogeneic 
CB-NK cells as maintenance therapy after ASCT also 
showed promising results.

NK-cell adoptive transfer immunotherapy needs enough 
amounts of activated NK cells, and some previous studies 
used feeder cell systems for NK cells expansion in vitro 
[16,26]. Although the culture conditions have been 
standardized according to good manufacturing practices, the 
use of cancer cell lines for NK cell production and clinical 
applications is still controversial. Therefore, we established 
a feeder cell-free system to produce active cord blood 
NK cells by cytokines stimulation. Previous studies have 
indicated that the proportion of  CD56brightCD16- NK cell in 
cord blood is higher than that in peripheral blood. CB-NK 
cells are younger and have a stronger proliferation potential 
than the peripheral blood counterparts [27, 28]. In our 
study, the cytokine-expanded CB-NK cells displayed high 
expression of certain activating and inhibitory receptors, 
including CD16, NKp30, NKp44, NKp46, NKG2D, CD96, 
NKG2A, and the cytotoxic function of expanded NK cells 
was enhanced. Only mild infusion reactions and no GVHD 
were found in our study, confirming the safety and feasibility 
of this cellular therapy.

Previous data obtained with adoptive haploidentical 
KIR–HLA-mismatched NK cells offer safety, transient 
engraftment and efficacy in adult patients with AML, 
KIR-HLA class I mismatch is associated with anti-tumor 
effect of NK cells [11,25], and by the general availability of 
haploidentical family members as NK cell donor to support 
the treatment. Alternative donor types include KIR-ligand 
mismatched or fully random cord blood donors. Although 
random donor NK cells carry the disadvantage of immune 
mediated rejection, obvious advantages are availability and 
the possibility to natural select a donor with appropriate 
KIR repertoire. At present, NK cell donor choice remains 
a matter of investigation, and no specific setting is known 
to be clearly superior to others. Multiple infusions of NK 
cells might be a crucial issue to benefit of adoptive NK 
cell therapy. A clinical trial using haploidentical NK cells 
treated nontransplant AML patients found chimerism levels 
of donor NK cells decreased after two weeks from the time 
of NK cell infusion in most patients [22]. In unmatched 
immune environment, the duration of NK cells is limited on 
account of rejection by recipient T cells. But some studies 
demonstrated that adoptive NK cells could persist for more 
than 3 months in an immune-compatible environment [12]. 
However, the optimal persistence of transfused cells in the 
circulation is not clear. Our study used random cord blood 
as NK cell donors, and the multiple infusions of high doses 
of ex vivo-expanded CB-NK cells were administered as 
long-term maintenance therapy after ASCT. These perhaps 
have some rationality of each CB-NK cell product with 
appropriate KIR repertoire to obtain the advantages of 

Table 2  Characteristics of ex vivo-expanded NK cell productions

Characteristic Value

No. NK cell infusion(times) 23 (4), 8(3)
NK product, median (range)
 NK cells:  CD3-CD56+, % 84.35 (50.2-98.3)
NK cells:  CD3-CD56+, ×107/kg 5.98 (1.87-17.69)
 NKT cells:  CD3+CD56+, % 6.08 (0.55-28.6)
 NKT cells:  CD3+CD56+,  107/kg 0.46 (0.04-2.26)
 T cells:  CD3+CD56-, % 4.40 (0.39-32.75)
 T cells:  CD3+CD56-,  107/kg 0.32 (0.03-3.28)
 Cell viability, % 98.45 (89.11-99.72)
 Cytotoxicity against K562 cells, % 85.99 (53.88-93.90)

Fig. 2  Expression of activating and inhibitory receptors on ex vivo-
expanded cord blood derived-NK cells

Table 3  Adverse effects of adoptive cord blood derived-NK cells 
infusion

Adverse Events Grade No. 
(%, of 
N=116)

Fatigue 1 3(2.6)
2 0

Chills 1 5(4.3)
2 0

Fever 1 2(1.7)
2 0

Vomiting 1 0
2 1(0.9)

Headache 1 2(1.7)
2 0

Rash maculo-papular 1 1(0.9)
2 0

Myalgia 1 1(0.9)
2 2(1.7)

Edema limbs 1 1(0.9)
2 0
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anti-leukemia/lymphoma. Currently, some approaches 
improving survival of infused NK cells include the 
administration of IL-2 or IL-15 [29,30] , and pre-infusion 
immunosuppression agents, such as combination of 
fludarabine and cyclophosphamide for lymphodepletion 
[12,23] .

Since this is a pilot study, there are some limitation. 
Firstly, the clinical results reported here are from a single-
arm, relatively small sample size, and the control cohort 
is not a randomized design, the results require further 
validation in a randomized controlled clinical trial with more 
cases. In addition, the dynamic change and persistence of 
adoptive NK cells in vivo are not monitored.

In summary, in this pilot study, we confirmed the 
clinical safety and feasibility of high doses of CB-NK 
cell products derived from multiple random (MHC 
mismatched and KIR mismatched) donors. Repeated the 
CB-NK cell infusions as maintenance therapy after ASCT 
showed a tendency of difference in decreasing the relapse 
and improving long term survival in AML and high-risk 
lymphoma. Future clinical investigation of this therapy 
and correlative dynamic studies of NK cells in vivo are 
warranted.

Supplementary Information The online version contains supplementary 
material available at https:// doi. org/ 10. 1007/ s00277- 023- 05471-4.

Fig. 3  Comparison of clinical outcomes between patients treated 
with (solid line) or without (dashed line) cord blood derived-NK 
cells. Probability of progression-free and overall survival. Kaplan-

Meier survival curves were compared using the log-rank method. A 
All patients. B Patients with acute myeloid leukemia. C Patients with 
non-Hodgkin lymphoma
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