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Abstract HLA-mismatched natural killer (NK) cells have

shown efficacy in acute myeloid leukemia, and their

adoptive transfer in patients with other malignancies has

been proven safe. This phase I clinical trial was designed to

evaluate safety (primary endpoint) and possible clinical

efficacy (secondary endpoint) of repetitive administrations

of allogeneic, in vitro activated and expanded NK cells

along with chemotherapy in patients with advanced non-

small cell lung cancer (NSCLC). Patients with unresectable,

locally advanced/metastatic NSCLC receiving 1st/2nd line

chemotherapy were eligible to receive 2–4 doses of acti-

vated NK cells from two relative donors. Donor’s CD56?

cells were cultured for 20–23 days with interleukin-15

(IL-15) and hydrocortisone (HC) and administered intrave-

nously between chemotherapy cycles. Premedication with

corticosteroids and/or H1 inhibitors was allowed. Sixteen

patients (performance status 0–1) with adenocarcinoma

(n = 13) or squamous cell carcinoma (n = 3) at stage IIIb

(n = 5) or IV (n = 11) receiving 1st (n = 13) or 2nd

(n = 3) line treatment were enrolled. Fifteen patients

received 2–4 doses of allogeneic activated NK cells

(0.2–29 9 106/kg/dose, median 4.15 9 106/kg/dose). No

side effects (local or systemic) were observed. At a median

22-month follow-up (range, 16.5–26 months) 2 patients

with partial response and 6 patients with disease stabiliza-

tion were recorded. Median progression free survival and

overall survival were 5.5 and 15 months, respectively. A

56% 1-year survival and a 19% 2-year survival were

recorded. In conclusion, repetitive infusions of allogeneic,

in vitro activated and expanded with IL-15/HC NK cells, in

combination with chemotherapy are safe and potentially

clinically effective.
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Introduction

The encouraging results demonstrated during the past

decade from the use of natural killer (NK) cells in the

treatment of hematological malignancies have reestab-

lished their role in the fight against cancer [1–3]. Our

current knowledge on the requirements for effective acti-

vation and function of NK cells was the basis for the design

of new approaches in cancer immunotherapy [4–6].

Data obtained from transplantations of haploidentical

hematopoietic stem cells across HLA-I barriers highlighted

the graft-versus-leukemia (GVL) effect of alloreactive NK

cells in acute myeloid leukemia (AML) patients [7].
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Immunotherapy of patients with solid tumors or hemato-

logical malignancies with intentionally mismatched IL-2-

activated lymphocytes (DLI), including T, NK and NKT

cells, has further strengthened the graft-versus-tumor

(GVT) effect of alloreactive NK cells [8]. Donor-versus-

recipient NK-cell alloreactivity derives from a mismatch

between inhibitory receptors for self-MHC class I mole-

cules on donor NK clones and the MHC class I ligands on

recipient cells. Although autologous NK cells have been

reported to efficiently kill some freshly isolated tumor cells

[9], it is generally accepted that allogeneic HLA/killer

immunoglobulin-like receptor (KIR) mismatched NK cells

may be more potent killers in hematological malignancies

[10], as well as for solid tumors [9, 11].

A study by Miller et al. [12] revealed that adoptive

transfer of haploidentical NK cells in patients with meta-

static melanoma, renal cell carcinoma, Hodgkin’s disease,

and poor prognosis AML was safe. Furthermore, depend-

ing on the preconditioning regimen used before infusion,

allogeneic NK cells were detectable for at least 7 days in

recipients’ peripheral blood (PB). On the other hand, it has

recently been documented that in vitro expanded NK cells

have increased Natural Cytotoxity Receptors, TRAIL and

NKG2D expression, and superior tumor cytotoxicity

compared with short-term IL-2-activated NK cells [13].

Moreover, despite extensive ex vivo proliferation these NK

cells appeared to maintain in mice similar longevity in vivo

as non-expanded short-term IL-2 activated NK cells [14].

Activated NK cells, autologous or allogeneic, are known to

be retained in lung tissue within minutes of intravenous (i.v.)

injection and their density increases at the tumor sites within

24 h [15] [16], thus implying that adoptive transfer of allo-

geneic, in vitro activated, and expanded NK cells is a prom-

ising therapeutic approach for the treatment of lung cancer.

Recently, the combination of immunotherapy with

chemotherapy has proven to be promising [17, 18].

Immunotherapy prior to chemotherapy in the vaccination

setting has revealed that tumor cells become more sus-

ceptible to chemotherapeutic drugs [17, 19].

Based on the above data, we have designed a phase I clinical

trial of adoptive transfer of in vitro activated and expanded

allogeneic NK cells in patients with advanced non-small-cell

lung cancer (NSCLC) in combination with their standard

chemotherapy. One single dose of allogeneic NK cells, even at

the highest dose (2 9 107 cells/kg), has been reported to be safe

[12]. In this context, we tested if repetitive administrations of

allogeneic NK cells, which could increase their in vivo anti-

tumor effect, would also be safe, given the pre-sensitization of

the recipient to the donors’ alloantigens. Repetitive injections

of NK cells derived from at least two different relatives, were

applied between chemotherapy cycles.

Large-scale expansion of activated effector cells from a

relatively small volume of PB, was succeeded by culturing

isolated NK cells with IL-15 and hydrocortisone (HC),

a combination which has been previously demonstrated by

us to enhance the expansion of fully functional NK

(CD56?CD3-) cells [20]. The primary objective of the

study was the evaluation of the safety of allogeneic NK cell

intravenous administration in combination with chemo-

therapy. The possible clinical efficacy of repetitive admin-

istrations has also been evaluated as a secondary objective.

Patients and methods

Eligibility

Patients with unresectable, locally advanced, and/or meta-

static NSCLC receiving 1st/2nd line chemotherapy were

eligible. Good performance status [0 or 1 according to

Eastern Cooperative Oncology Group (ECOG) scale],

absence of serious cardiovascular diseases, satisfactory renal

and liver functions, as indicated by creatinine clearance

([50 mL/min), and total bilirubin (\2 mg/dL), respectively,

as well as bone marrow competence (leukocytes [ 3,000/ll,

lymphocytes [ 1,000/ll and platelets [ 100,000/ll) were

prerequisites for patient enrollment. Patients and donors

were negative for hepatitis B and C and HIV infection. This

phase I clinical trial was approved by the institutional ethics

committee of Saint Savas Cancer Hospital and the Greek

competent authorities EOF (National Drug Organization)

and EED (National Ethics Committee) and registered under

code IS89/2006 and EudraCT number: 2005-005125-58. All

patients gave written informed consent before enrolling into

the study. The trial was designed and conducted in accor-

dance with the Declaration of Helsinki.

Study design

Eligible patients were to receive 2–4 intravenous infusions

of activated and expanded NK cells 2 days after previous

and 1 week prior to their next chemotherapy. The number

of NK cells to be injected was up to 2 9 1011/dose. Pre-

medication with corticosteroids and/or H1 inhibitors was

allowed. NK cells were isolated from the PB of two rela-

tive donors. Donor selection was based on their HLA and

KIR typing. The primary aim of the study was the evalu-

ation of the safety of allogeneic NK cell intravenous

administration in combination with chemotherapy. The

possible clinical efficacy of repetitive administrations has

also been evaluated as a secondary endpoint.

HLA and KIR typing

Sequence-specific oligonucleotid (SSO)-typing for HLA-

A, -B, -C, and KIR (Tepnel Lifecodes Corp, Stamford CT)
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was performed for each patient and at least two family

members (siblings or children) using the Luminex micro-

bead method (Luminex 100 System; Luminex, Austin,

TX).

Most of the donors were haploidentical to the corre-

sponding recipient and at least one of the donors had a KIR

mismatch (Supplementary data Table S1).

Isolation and expansion of NK cells

PB mononuclear cells (PBMC) were isolated from 150 ml of

selected donor’s PB by Ficoll-Hypaque density centrifuga-

tion, using standard procedures. CD56? cells were isolated

from PBMC using CliniMACS CD56 microbeads (Miltenyi

Biotec, Gladbach, Germany) according to manufacturer’s

instructions. Isolated CD56? cells were then cultured in

alpha-minimum essential medium (alpha-MEM; Life

Technologies, Paisley, Scotland) supplemented with 20%

fetal bovine serum (FBS; Hyclone, Logan, UT), 2 mM

L-glutamine (Life Technologies), 50 lg/ml gentamicin,

10-5 M HC (PFIZER, Belgium NV), and 20 ng/mL IL-15

(specific activity 1.7x107 IU/mg, CellGenix, Freiburg, Ger-

many). Fresh medium was added every 3–4 days. After

19–21 days of culture, phenotypic characteristics of acti-

vated cells as well as their cytotoxic activity were evaluated,

as described below. Cells were also tested for mycoplasma

contamination using the mycoAlert kit (Lonza, Rockland,

ME). To exclude endotoxin contamination, the endotoxin

concentration was measured with a Limulus Amebocyte

Lysate (LAL) test (Cambrex, Walkersville, MD). Sterility

testing of culture supernatants was also performed.

On day 21–23 cells were harvested, resuspended in

50 mL of fresh medium containing IL-15 and HC, and

incubated for 1 h at 37�C to ensure the appropriate signals

for further expansion in vivo, since the IL-15/IL-15Ra
complex formed on the cell surfaces has been reported to

survive intracellular endosomal processing and to recycle

back to the cell surface as a biologically active cytokine

[21]. Then cells were washed twice with cold PBS Dul-

becco (Biochrom AG, Berlin, Germany)/2% human serum

albumin (HSA; ZLB Behring AG, Bern, Switzerland) and

diluted in 500 mL saline solution 0.9%/2% HSA. Cells

were infused into the patient within 1 h post collection by

intravenous administration over 1 h in an outpatient

setting.

Cell lines

The human cell line K562 was obtained from the American

Type Culture Collection (Manassas, VA) and cultured

in RPMI-1640 medium (Life Technologies) supple-

mented with 10% FBS, 2 mM L-glutamine, and 50 lg/ml

gentamycin.

Immunophenotyping

Monoclonal antibodies (mAb) specific for CD3 and

CD244, conjugated with fluorescein isothiocyanate (FITC),

CD3, CD56, NKp30, NKp44, NKp46, and NKG2D con-

jugated with phycoerythrin (PE) and isotype-matched

controls were purchased from Becton–Dickinson (Moun-

tain View, CA). Samples were analyzed using FACSCali-

bur (Becton–Dickinson, Heidelberg, Germany) and CellQuest

analysis software.

CFSE-based cytotoxicity assay

Cytotoxic activity of cultured CD56? cells was determined

by a fluorescent-based flow cytometric assay, against the

NK- sensitive cell line K562. Target cells were washed

with PBS, resuspended at 1.5–2 9 106/mL, and labeled

with 1 mM CFSE for 5 min at 37�C. After two washes and

a 30-min incubation at 37�C, labeled K562 cells were

incubated with effector cells at 1:1 ratio for a time period

of 4 h at a 37�C humidified incubator with 5% CO2. Fol-

lowing incubation, cells were stained with 7-AAD (Bec-

ton–Dickinson) for 10 min at 37�C, washed, and fixed with

1% PFA. Flow cytometric analysis of cells was performed

within 1 h.

Statistical analysis

GraphPad Prism 4.0 software was used for the statistical

analyses. Kaplan–Meier curves and log rank test were used

for the statistical analysis of progression-free survival

(PFS) and overall survival (OS). A P value \0.05 was

considered as significant.

Results

Patient characteristics

Between November 2007 and November 2008 16 NSCLC

patients were enrolled. The median age of patients was

65 years (range 50–75 years), and they were diagnosed

with adenocarcinoma (n = 13) or squamous cell carcinoma

(n = 3). Five patients had stage IIIb, and 11 stage IV

disease. All patients were receiving 1st (n = 14) or 2nd

(n = 2) line chemotherapy. Between their chemotherapy

cycles each patient received two (n = 8), three (n = 2), or

four (n = 5) doses of allogeneic activated NK cells. One

patient did not receive NK cells because of severe disease

progression after enrollment. Patient demographics and

clinical characteristics are shown in Table 1. Chemother-

apeutic drugs included cis-platinum, paclitaxel, docetaxel,

gemcitabine, pemetrexed, and vinorelbine. No patient
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received therapeutic and/or palliative radiotherapy and no

targeted agent (e.g. bevacizumab, cetuximab, erlotinib)

was used during the study. Median lymphocyte counts

throughout the period of chemotherapy and NK cell

infusions were 1.2 9 103 lymphocytes/lL of blood (range

0.4 9 103–2.6 9 103), which is indicative of a relative

lymphodepletion.

Characteristics of NK cells

CD56? cells were isolated from the PB of two or three

relative donors for each patient. The number of CD56?

cells acquired from 150 ml of donors’ PB varied (median

35.1 9 106, range 9.5 9 106–85.8 9 106). The median

purity of CD56? cells was 92.4% (range, 83.2–98.4%).

Within this population the amount of NK (CD56?CD3-)

cells varied among donors (median 67.2%, range

17.8–89.9%) (Fig. 1a). However, as expected [20], after

20 days of culture with IL-15 and HC, the median per-

centage of NK cells (CD56?CD3-) was significantly

increased (97.9%, range 82.7–99.6%) in all donors

(Fig. 1a).

There were variations in the expansion rate of NK

cells among donors. The median expansion (fold increase

from day 0) of CD56?CD3- cells was 23-fold (range,

3.2–131.3) (Fig. 1c). Due to these variations, the median

number of NK cells administered at each dose was 4.15 9

106/kg (range, 0.2–29 9 106/kg) (Table 2). Accordingly,

the median number of T cells (mostly CD3?CD56?CD28-)

in each inoculation was 0.12 9 106/kg (range, 0.009–1.8 9

106/kg).

The majority ([95%) of IL-15 plus HC-activated NK

cells in all donor preparations expressed activating NK

receptors including NKp30, NKp44, NKp46, NKG2D, and

2B4 (Fig. 1b). The cytotoxic capacity of activated NK cells

against K562 leukemic cells was examined 2 days prior

injection day (day 19–21 of culture). Activated NK cells

from all donors were cytotoxic. However, there were also

variations in the killing potential of NK cells among donors

with a median cytotoxicity of 23.2% (range, 7.0–54.7%) at

effector/target ratio 1:1 (Fig. 1c).

Toxicity

During and after injection of NK cells no side effects were

observed, locally or systemically, independently of the

number of cells or the number of infusions administered. No

signs of graft-versus-host disease (GVHD) were reported

during the whole follow-up period. Therefore, no maximum

tolerated dose of the total amount or number of infusions of

administered allogeneic NK cells could be determined.

Efficacy

After a median follow-up of 22 months (range, 16.5–

26 months), 4 out of 15 patients (27%) who received NK

cells were alive. According to Response Evaluation Cri-

teria in Solid Tumors (RECIST,) two patients (13.3%)

achieved partial clinical response (PR), six (40%) had

disease stabilization (SD), and seven (46.6%) experienced

progression of their disease (PD) (Table 3). Noteworthy is

that among PD patients three had local regression and one

Table 1 Patients’ demographics and clinical characteristics

Patient no Age Gender Histology Stage Metastasis Treatment line Chemotherapy

1 66 M A IV Bone, Liver 1st Cisplatin–Paclitaxel

2 74 F A IV Bone 1st Cisplatin–Docetaxel

3 69 M A IIIb – 1st Carboplatin–Docetaxel

4 66 M SCC IIIb – 1st Carboplatin–Paclitaxel

5 60 M A IIIb – 1st Carboplatin–Paclitaxel

6 61 M A IV Bone 1st Carboplatin–Paclitaxel

7 63 F A IV Brain 2nd Gemcitabine–Pemetrexed

8 75 M SCC IV Bone 1st Carboplatin–Paclitaxel

9 54 M A IV Bone, Brain 1st Cisplatin–Vinorelbine

10 68 M SCC IV Lung 1st Cisplatin–Gemcitabine

11 55 F A IIIb – 1st Cisplatin–Vinorelbine

12 56 M A IV Brain 2nd Carboplatin–Docetaxel

13 64 F A IV Lymph nodes 1st Carboplatin–Paclitaxel

14 71 F A IV Bone 1st Paclitaxel

15 67 M A IIIb – 1st Docetaxel

16 50 M A IV Bone 1st Gemcitabine

M male, F female, A adenocarcinoma, SCC squamous cell carcinoma
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stabilization of their lung disease after receiving NK cells

along with chemotherapy.

The median PFS of enrolled (intended to treat) patients

was 5.5 months (range, 1–22 months), while their median

OS was 15 months (range, 2–26 months). The one-year

survival was 56% (9/16) and the two-year survival 19%

(4/16). In the treated group median PFS and OS were 7 (range

2–22) and 15.5 (range 3-26) months, respectively. Their one-

and two-year survival rates were 60% (9/15) and 27% (4/15),

respectively. Despite the small number of patients enrolled,

among patients exhibiting local disease stabilization (S) or

Table 2 Number of doses and NK cells administered to each patient

Patient no Doses

administered

106 cells/kg

1 2 1.1 0.9 – –

2 2 5.6 3.1 – –

3 4 0.3 0.4 0.7 19

4 2 0.2 2.9 – –

5 2 0.4 5.7 – –

6 4 0.6 2.5 4.7 3.2

7 4 10.1 3.9 4.1 7.1

8 3 2.4 6.6 1.2 –

9 0 – – – –

10 2 2.5 1.8 – –

11 4 23.1 11.9 26.3 13.4

12 3 13.5 7.2 11.9 –

13 2 4.2 3.2 – –

14 2 17.8 11.5 – –

15 2 29 21 – –

16 4 2.2 9.8 9.7 1.3

Fig. 1 a Percentages of CD56?CD3- cells among total CD56? gated

cells isolated from donors’ peripheral blood on day 0 and after

18–21 days of culture with 20 ng/mL IL-15 and 10-5 M HC.

b Expression of activating NK receptors (NKp30, NKp44, NKp46,

NKG2D and 2B4) on donor’s CD56? cells expanded for 18–21 days

of culture with 20 ng/mL IL-15 and 10-5M HC. Gray lines indicate

isotype matched controls. Histograms from a representative donor.

All donors gave similar results. c Cell growth (fold increase) and

cytotoxic activity against K562 cells of donors’ CD56? cells after

21–23 days of culture with 20 ng/mL IL-15 and 10-5M HC.

Cytotoxicity assay was performed at an effector: target ratio 1:1.

Horizontal bars indicate mean values

Table 3 Clinical response of patients

Patient First

injection

time

Last

injection

time

Clinical Response

by RECIST

Lung disease

best response

1 11/2007 1/2008 PD D

2 12/2007 3/2008 SD S

3 1/2008 6/2008 PR D

4 1/2008 3/2008 PD D

5 2/2008 4/2008 SD S

6 2/2008 4/2008 SD S

7 3/2008 7/2008 PD D

8 3/2008 6/2008 PD I

9 – – PD I

10 4/2008 5/2008 PD S

11 4/2008 8/2008 PR D

12 4/2008 8/2008 SD S

13 5/2008 6/2008 SD S

14 9/2008 10/2008 PD NE

15 9/2009 11/2008 PD NE

16 10/2009 2/2009 SD D

PD progressive disease, SD stable disease, PR partial response,

D decrease, S stable, I increase, NE not evaluated
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decrease (D), a tendency for better OS was recorded among

patients receiving four doses of NK cells (n = 5, median

OS [ 25 months) compared with those receiving two or

three doses (n = 7, median OS 15.5 months) although not

statistically significant (p = 0.2494) (Fig. 2).

Discussion

Lung cancer is a major cause of mortality worldwide.

Furthermore, the majority of patients (80%) are diagnosed

having locally advanced or metastatic disease with dismal

prognosis [22]. This group of patients is ineligible for

potential curative surgery and although research efforts are

intensive, new agents and treatment approaches are needed.

To the best of our knowledge, herein we report the results

of the first phase I clinical trial of NK-cell based immu-

notherapy in patients with advanced NSCLC.

The rationale for the design of this trial was (1) to use ex

vivo activated and expanded allogeneic NK cells in order

to benefit from their ability to overcome inhibitory signals

from the tumor itself and its microenvironment; (2) to

achieve longer exposure of tumor cells to NK cells by

repetitive infusions; (3) to ensure the standard treatment of

patients taking advantage of the relative lymphodepletion

achieved by chemotherapy, without applying further

myeloablative conditioning regimens, which would be

more toxic and not necessarily more efficacious [23].

We clearly show that the repetitive administration of up

to 2.9 9 107 NK cells/kg/dose and up to 4.84 9 109 in

total, was safe without any sign of GVHD or any other

local or systemic side effect. Maximum tolerated dose in

terms of NK cell number and/or number of infusions was

not reached. It is important to note that the median number

of NK cells/kg/dose administered (4.15 9 106? NK cells/kg)

was comparable to that achieved by Miller’s group [12],

and it was derived from only 150 ml of donor PB instead of

a, cumbersome, 3 to 5-h lymphapheresis which, further-

more, precludes repetition of the procedure in a relatively

short period of time. Thus, the protocol applied here offers

the possibility of future improvements by obtaining higher

NK cell numbers from larger blood volume and by

applying higher concentrations/specific activity of IL-15 in

combination with HC.

The use of HC along with IL-15 for the ex vivo acti-

vation and expansion of NK cells, applied for the first time

in this clinical trial, confers long-term survival by inhibi-

tion of cytokine-induced cell death and accelerated NK cell

expansion without loss of their functional capacity, as

previously demonstrated in in vitro experiments [20]. IL-15

is considered to be critical for NK cell development,

survival, expansion, and function in vivo [24], although

high concentrations of IL-2 in the presence of HC could

also be used for their in vitro expansion [20]. In a pre-

clinical therapeutic model of pre-existent lung metastases,

we observed that syngeneic as well as allogeneic NK cells,

ex-vivo activated and expanded with IL-15 in the presence

of HC, massively infiltrate the lung and significantly pro-

long the survival of CT26 tumor-bearing Balb/c mice

(unpublished data). Importantly, expansion of NK cells

with IL-15 in the presence of pharmacological doses of

glucocorticoids (GCs), compared with NK cells grown

with IL-15 alone, makes them more resistant to subsequent

exposure to the same pharmacological dose of GC even in

Fig. 2 Effect of number of infusions of allogeneic activated NK cells

on progression-free survival (a) and overall survival (b) of all

intended to treat non-small-cell lung cancer patients. c Overall

survival of patients with stable or decreased pulmonary disease,

receiving 2–3 and 4 NK cell infusions, respectively
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the absence of IL-15 (Perez S. et al. unpublished obser-

vations). Thus, NK expansion under the conditions

described might render them also resistant to the in vivo

effects of endogenous cortisol, usually increased in cancer

patients due to stress [25] as well as to exogenously

administered corticosteroids.

It has been reported [12] that intravenously administered

allogeneic NK cells in patients with several malignancies,

not including lung cancer, were detectable in the peripheral

blood of hosts for at least 7 days after infusion, when

methyl-prednisolone and/or low-dose cyclophosphamide

was used for pre-conditioning of the patients. High-dose

cyclophosphamide plus fludarabine conferred significantly

longer persistence (up to 28 days) of NKs attributed to the

induction of the endogenous levels of IL-15. It is not

known if chemotherapeutic schedules used in our study

share similar properties. The presence of circulating allo-

geneic NK cells in patients with lung cancer would be

indicative of their in vivo persistence. However, their

absence from the circulation may point to the possibility

that upon injection they massively infiltrate lung tissue and

are possibly retained within the tumor bed, with very few

remaining in, or reentering the circulation [15, 26]. Brand

et al. [16] have conducted a study where transfused allo-

geneic, in vitro expanded, NK cells radiolabeled with 111In

were followed by whole body scintigraphy and were

detectable up to 6 days.

Sequential lung biopsies would be an alternative option,

but could not be routinely applied. Whether the repetitive

infusions used in the present protocol might overcome the

probable lower time of in vivo expansion and persistence

of infused NK cells is not clear.

Although applied in a small number of patients, most of

which were receiving first line chemotherapy, the clinical

efficacy of the combinatorial protocol used in our trial

seems to produce slightly better results compared with

those reported for patients with advanced NSCLC receiv-

ing similar chemotherapeutic regimens [27, 28]. Note-

worthy, there were patients with documented progression,

according to RECIST criteria, showing an improvement

of their primary lung disease. Furthermore, although not

statistically significant, there seems to be a tendency of

increased PFS and OS in patients receiving four doses of

NK cells compared with patients receiving less (2–3)

infusions. The mechanisms underlying this effect, apart

from direct killing of tumor cells, could be attributed to the

generation of tumor-specific adaptive immune responses

triggered by NK cells by cytokine secretion [29], cross talk

with resident antigen presenting cells (APC) [30–33] or

direct antigen presentation by the activated NK cells

themselves [34], and/or even by induction of allo-restricted

immune responses [35]. Data from a preclinical study, in a

therapeutic metastatic lung cancer model, revealed that the

repetitive infusions of syngeneic in vitro activated and

expanded with IL-15 plus HC NK cells, could induce

adaptive anti-tumor responses (submitted for publication).

The combination of chemotherapy with immunotherapy

is currently a challenging approach, since it has been

documented that immunotherapy can render tumor cells

more susceptible to chemotherapeutic drugs [36] and inver-

sely chemotherapy can potentiate subsequently induced

adaptive immune responses [37].

However, there are certain limitations in our study. The

small number of enrolled patients could not clearly suggest

differences in PFS and OS regarding the number of NK

infusions and clarify whether the observed responses were

due to chemotherapy or the NK cells injected. Despite the

fact that the heterogeneity in the patient cohort regarding

chemotherapy regimens could also be an issue, several

large randomized trials that compared commonly used

platinum doublets have not fully supported the superiority

of any of them [27, 38, 39]. Furthermore, there are studies

suggesting that non-platinum doublets can also provide

similar clinical benefit [40].

In conclusion, the data reported in the present study

show that repetitive infusions of allogeneic NK cells, in

vitro expanded with IL-15 in the presence of HC along

with standard chemotherapy in patients with NSCLC are

safe and potentially, clinically effective. The design of a

randomized phase II clinical study in a better selected

cohort of NSCLC patients with earlier-stage disease to

evaluate clinical efficacy is further justified.
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