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The 5-year survival is poor for stage IV non-small cell lung cancer (NSCLC). Recently, cell
immunotherapy has emerged as a new treatment strategy. This study aimed to evaluate the efficacy
and safety of Immune killer cells (IKC) in patients with stage IV NSCLC after the failure of prior
chemotherapy. This study enrolled 26 patients with stage IV NSCLC who failed at least two lines of
chemotherapy with or without targeted therapy. The IKC was given alone weekly for 24 weeks. The
primary endpoint was progression-free survival (PFS). Secondary outcomes included overall survival
(0S), pain intensity, quality of life (QOL), and safety. The median PFS for the intent-to-treat (ITT)
population (i.e., all enrolled patients) was 3.8 month. In the per-protocol (PP) population (i.e., patients
receiving >12 IKC infusions), the median PFS was 5.6 months. Moreover, the ITT population showed a
1-year survival rate of 60.0%, while that for the PP population was 85.7%. Only 7 out of 200 AEs (3.5%)
were related to the IKC infusion, and they were all rated as grade 1 in severity. The IKC infusion was
well tolerated. This novel immunotherapy prolonged the PFS and improved the survival compared
with historical data. It might be a potential treatment strategy for stage IV NSCLC patient who failed
prior chemotherapy.

ClinicalTrials.gov identifier: NCT03499834.
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Lung cancer is the leading cause of cancer death worldwide'. Most patients are diagnosed with an advanced
stage due to the late appearance of symptoms®. Despite recent advances in treatment for lung cancer, the five-
year survival rate remains poor’. Currently, the primary treatment modalities for lung cancer include tyrosine
kinase inhibitors (TKIs), immune checkpoint inhibitors, and chemotherapy agents, among others. If a patient
has a driver mutation, TKIs are used as the initial treatment. If no driver mutation is present, chemotherapy
combined with immunotherapy is recommended. The treatments after tyrosine kinase inhibitor (TKI) failure
or immunotherapy failure currently still are chemotherapy. However, the response to this is poor?. Therefore,
new strategies for lung cancer treatment are needed.

Cancer treatment with immune cells infusion, in which the cells are cultured and engineered ex vivo, has
been used since the 1980th. Previous studies have demonstrated that, via IL-2 stimulation and TCR-CD3
engagement, Th2 lymphocytes would convert to the Th1 type and restore anti-tumor killing of the autologous
tumor. These results suggest that non-small cell lung cancer patients may have their immunosuppressed status
reversed®”’. Other studies have cultured and stimulated mononuclear cells from peripheral blood via IL-2,
IFN-q, or IFN-y and have then transfused the blood cells back to the patient for cancer treatment. All of these
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studies have reported improvements in either progression free survival (PES), overall survival (OS), or quality
of life (QOL)%!,

Many studies have demonstrated that immune cell therapies are efficient. Immune cell therapies may be
efficient for lung cancer because the lungs are richly endowed with immune cells'>!*. Our previous studies have
demonstrated that cytokine-stimulated cytotoxic T cells exhibit high levels of cytotoxic activities against autolo-
gous tumor cells®’. Further, there is adoptive T-cell therapy in checkpoint inhibitor-resistant cancer'. A pilot
study has established that immune checkpoint inhibitors increase the anti-tumor activity of adoptive T cells for
lung cancer in vivo, as well’>. Therefore, it is reasonable to explore these immune killer cells (IKC) as an efficient
option for lung cancer treatment either to be used alone or in combination with immune checkpoint inhibitors.

Immune cell therapies are increasingly being recognized as a treatment option. Most immune cell therapies
employ similar methods of ex vivo expansion and culture and activation of immune cells from patients” periph-
eral blood mononuclear cells (PBMCs) in an external environment. Unlike traditional cancer treatments that
aim to eradicate cancer cells, immune cell therapies focus on the improvement of the patients’ own anti-cancer
abilities'é™'8. However, the efficacy of IKC treatment for lung cancer is not clear.

The aim of this single-arm, multi-center, phase II trial is to evaluate the safety and efficacy of immune killer
cells (IKCs) in patients with stage IV non-small cell lung cancer (NSCLC) who have undergone at least two lines
of chemotherapy, with or without targeted therapy. These IKCs were prepared using a patented process, involving
the isolation of mononuclear cells from peripheral blood, their culture with specific reagents, stimulation with
IL-2, and subsequent harvesting.

Materials and methods

Study design

This was an open-labeled, single-arm, multicenter, phase II trial conducted at Taipei Veterans General Hospital
and Tri-service General Hospital in Taiwan. This study enrolled patients with stage IV (by American Joint Com-
mittee on Cancer 7th edition staging criteria) NSCLC. These patients must have undergone at least two lines of
chemotherapy. For patients with an EGFR mutation, they should have received EGFR-TKI therapy. All eligible
patients received IKC infusion as a monotherapy once a week for 24 weeks, and were followed up to 6 months
after the last IKC infusion.

This study was approved by the institutional review board (IRB) at Taipei Veterans General Hospital (IRB
No: 2017-05-007B) and Tri-service General Hospital (IRB No: 2-106-04-001). All study procedures were con-
ducted in accordance with the Good Clinical Practice guidelines, the principles of the Declaration of Helsinki,
and local laws. All patients provided written informed consent before enrollment (ClinicalTrials.gov identifier:
NCT03499834). The date of first trial registration was 17/04/2018.

Study population

Patients aged at least 20 years old and diagnosed with histologically or pathological confirmed stage IV NSCLC,
regardless of EGFR mutation status, were eligible for this study. For patients harboring EGFR mutation, those
who experienced disease progression following EGFR-TKI treatment and at least two previous chemotherapy
regimens (with one of them being platinum-based chemotherapy) were enrolled. For patients with wild-type
EGFR, those with two failed chemotherapy regimens (one must contained platinum-based chemotherapy) were
eligible. Eligibility criteria also included Eastern Cooperative Oncology Group (ECOG) performance status 0-2,
measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and adequate liver,
renal, and bone marrow functioning.

Exclusion criteria included recent major surgery, whole blood transfusion, chemotherapy, hormone therapy,
targeted therapy, immune-modulating medications, immunotherapy, or other investigational products within
4 weeks of the peripheral blood collection; metastasis involving the central nervous system, pancreas, colon,
or rectum; prior organ transplantation; severe infection; uncontrolled hypertension; congestive heart failure;
myocardial infarction; stroke; coronary/peripheral artery bypass surgery; uncontrolled arrhythmia; human
immunodeficiency virus infection; active tuberculosis; autoimmune disease; other active malignancies; or any
disease rendering them unsuitable to join this study. Pregnant or breast-feeding women and women planning
to get pregnant were also excluded.

IKC preparation
Peripheral blood (30 mL) for manufacturing the individualized IKC was collected 2 weeks before beginning the
IKC therapy, and every week thereafter for 24 weeks.

The IKC was prepared by Ivy Life Sciences Co. Ltd. following a patented manufacturing process (USPTO
Patent Certificate: US 9222072; Invention Name: Manufacturing Method of Immune Killer Cells) in compliance
with Good Tissue Practices (GTP). Mononuclear cells were briefly isolated from peripheral blood and incubated
in AIM-V (Thermo Fisher Scientific, Grand Island, NY) culture medium containing 200-1000 IU/mL proleukin
(Boehringer Ingelheim RCV GmbH & Co KG, Vienna, Austria), 0.1-30 g/mL concanavalin A (Sigma-Aldrich,
Saint Louis, USA), and 5-12% autologous human serum (by patient) at a density of 0.5-2 x 10 cells/mL, at 37
°Cin a 5% CO2, 95% humidified atmosphere for 2-6 days. Next, the mononuclear cells were transferred to a
new culture medium and stimulated with 200-600 IU/mL IL-2 (Boehringer Ingelheim RCV GmbH & Co KG,
Vienna, Austria). Fresh medium with 100-500 IU/mL IL-2 (Boehringer Ingelheim RCV GmbH & Co KG,
Vienna, Austria) was added every 2-3 days to maintain the concentration of cells at 0.6-2 x 10 cells/mL. On
Day 14, the IKCs were harvested and analyzed for phenotype and cytotoxicity. Quality control and a sterility test
were performed during the courses of cell culture.
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All products were free of mycoplasma, bacterial, and fungal contamination; and contained <0.25 EU/mL
endotoxin and < 31.2 pg/mL IL-2. Each IKC cell consisted of 0.5-2.5 x 10 cells, with cell viability >70%.

Phenotype detection

The phenotype of IKC was detected according to the IKC Standard Operating Procedures (SOP) protocol. Briefly,
1% 10° cells (100 uL) were incubated with antibodies (CD3 FITC/CD56 PE/y8 PC7, CD8 FITC/CD4 PE/CD28
PC7, and IgG1 FITC/PE/PC7 from Beckman Coulter In, [Brea, CA, USA]) for 20 min at 20-25 °C away from
light. After incubation, cells were centrifuged for 1 min at 2000x rpm at 4 °C and washed with Ice-Buffer (Normal
Saline with 2% FBS, 0.5 mL). The cell population was analyzed using flow cytometry (Cytomics FC500 Flow
Cytometer; Beckman Coulter, Inc.).

For the evaluation of the immune status of IKCs, cluster of differentiation CD3— CD56+, CD3+ CD56+,
CD3+CD56-, CD4, CD8, and CD28 cells were determined respectively. Cells were stained according to the IKC
SOPs protocol. Data were analyzed using CXP Analysis Software (V2.2; Beckman Coulter, Inc.). The IKCs con-
tained cytotoxic T lymphocyte (CTL, CD3*CD4 CD8*, 20-95%), Natural killer T cells (NKT) cells (CD56*CD3*,
3-80%), NK cells (>0-45%), and yOT cells (>0-45%).

Cytotoxicity assay

First, the target cells, K562 cells, were labelled with 5-uM CFSE for 20 min in a 5% CO2 incubator at 37 °C. After
labelling, target cells (1 x 10° cells/mL) were incubated with effector cells at a ratio of effector to target cells of
1:1, 5:1, and 25:1 in triplicate sets for 4 h in a 5% CO2 incubator at 37 °C. At the end of incubation, each well was
mixed with the nucleic acid stain (Propidium iodide) for 30 min in the dark. The IKCs were then analyzed for
cytotoxicity using flow cytometry (Cytomics FC500 Flow Cytometer; Beckman Coulter, Inc.). The percentage
of specific lysis (%) was calculated as follows: 100%x (cell lysis in the presence of effector cells minus cell lysis in
the absence of effector cells/100 minus cell lysis in the absence of effector cells).

Efficacy evaluation

The primary end point is to evaluate progression-free survival (PFS) after receiving IKC treatment. A previous
study reported that the PFS among those patients who received salvage chemotherapy was around 1.1 months®.
We expected the PFS of IKC infusion to be at least 1 month better than historical control for consideration as a
potential effective treatment. The second set of outcome measures included: the overall survival (OS) after IKC
treatment, health related quality of life (HRQOL) before and after IKC treatment, and safety.

Treatment

Peripheral blood was collected beginning at the second visit and then every week thereafter for 24 weeks. After
collection, the blood was sent to be cultured for 2 weeks. The first IKC infusion was performed at the 4th visit
and then every week thereafter until the 27th visit (for a total of 24 times). The IKCs were infused weekly until the
tumor progression was observed. Patients were not allowed to participate in this trial if their IKCs were less than
0.5 x 10 after culturing the first instance. IKC infusion was a monotherapy for this trial. None of the following
treatments were allowed to be combined with IKC infusion: chemotherapy, radiotherapy, immunotherapy, hor-
mone therapy, targeted therapy, traditional Chinese medicine, or high dose steroids (more than 20 mg per day).

Study assessment

Chest CT scans (including the liver and adrenal glands) were performed before the IKC infusion to serve as
baseline. Radiological assessments were performed every 8 weeks. PFS was measured from the day patients
began IKC infusions until termination of the trial. Disease progression was defined as either tumor progression
or all-cause mortality, which means all deaths regardless of the cause, during the trial. OS were calculated from
the day patients began IKC infusions until patients died or lost follow up. Quality of life was compared with the
baseline to observe the change. Safety analysis was based on the incidence, rate of adverse effects, serious adverse
effects, severity of effects, and patient numbers.

Statistical analysis

The primary outcome of this trial was PFS. The minimum follow up time was 7 months. In order for Type I Error
to be 0.05 and statistical power to be 80%, 22 patients needed to be recruited. The dropout rate was expected
to be 15%, so 26 patients needed to be enrolled. PFS and OS were obtained by using Kaplan-Meier methods.
Quality of life and safety were evaluated by the Wilcoxon signed-rank test.

Results

Patients

In total, 26 patients were enrolled between Dec 15th, 2017, and Feb 11th, 2020. All patients had previously
received at least 2 lines of chemotherapy. The first line is usually platinum-based doublet chemotherapy. The
second line chemotherapies included docetaxel, gemcitabine, navelbine, pemetrexed, etc. One patient died before
possible IKC treatment. A total of 25 patients received at least one IKC infusion. These patients were defined
as the intention to treat (ITT) population. Fourteen patients received more than 50% IKC infusion of planned
injection cycles and they were defined as the per protocol (PP) population (Fig. 1). Demographic data are listed
in Table 1. The median age, gender, height, body weight, HBsAg, HCV, HIV, and ECOG were similar between
the ITT and PP populations.
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2 20 years old stage IV NSCLC patients who received at least 2 lines

of chemotherapies with/without TKI
(n=26)

q Died before IKC infusion
(n=1)

Received IKC infusion 2 1 time (ITT population)

(n=25)

‘ Because of PD or by
physician judgement

Received IKC infusion 2 50% (12/24 times ; PP population)
(n=14)

!

Data analysis for ITT population and PP population

Figure 1. Consort diagram. Total 26 patients were enrolled. One patient died before IKC infusion. During IKC

infusion, 11 patients withdrawal because of disease progression or by physicians judgement. 14 patients received
Z 12 times of IKC infusion and was defined as per protocol (PP) population. NSCLC non-small cell lung

cancer, TKI tyrosin kinase inhibitor, IKC immune killer cells, ITT intention to treat population, PP per protocol

population.

Parameter Statistics ITT | ITT population (N=25) | PP population (N=14)

Mean (SD) 63 (11) 65.1(10.9)
Age (year) Median 63 64.5

Min-max 44-89 47-89

Male 15(60.0%) 8(57.1%)
Gender

Female 10 (40.0%) 6 (42.9%)

Mean (SD) 162.5 (8.5) 161.5 (8.3)
Height (cm) Median 166.5 162.3

Min-max 148-176 148-173

Mean (SD) 64.1 (13.4) 63.8 (14.5)
Weight (kg) Median 63.5 62.1

Min-max 40.5-91 45.5-91

Positive 2 (8.0%) 2 (14.3%)
HBsAg

Negative 23 (92.0%) 12 (85.7%)

Positive 1 (4.0%) 1(7.1%)
Anti-HCV

Negative 24 (96.0%) 13 (92.9%)

Positive 0 0
Anti-HIV

Negative 25 (100%) 14 (100%)

0 10 (40.0%) 6 (42.9%)

1 14 (56.0%) 8(57.1%)
ECOG PS 2 1 (4.0%) 0

3 0 0

4 0 0

Table 1. Demographic data.
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Treatment response

The median PES of the ITT population and the PP population were 3.8 months and 5.6 months, respectively
(Fig. 2). The one-year survival rate was 60%. The median OS is not reached among our patients (Fig. 3). The
infused cells were mostly composed of CTL and NKT (Fig. 4). The response rate is listed in Table 2. The median
tumor size was initially 36 mm (12-158 mm). After treatment, the median tumor size was 51 mm (16-149 mm).
Opverall, the best response to the treatment was a partial response in one patient. The tumor was stable among 14
patients. Five patients suffered from progression of their disease. In this study, 9 patients were EGFR mutated, 6
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Figure 2. Progression free survival curve of ITT Population (upper) and PP population (lower).
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Figure 3. Overall survival curve of ITT population (upper) and PP population (lower).

patients were EGFR wild type, and the status of 5 patients were unknown. The response rate was not correlated
with the numbers of CTL, the numbers of NKT, or EGFR status. The waterfall plot of best response is illustrated
in Fig. 4.

Pain visual analogue scale (VAS) and quality of life (QOL)
The baseline pain VAS scale was 2.0 (+ 1.6) and 1.9 (£ 1.6) among the ITT and the PP populations, respectively.
The record of VAS scale is displayed in Supplement 1. The changes in VAS scale between baseline VAS and IKC
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Figure 4. Waterfall plot of IKC infusion. The objective response rate were not associated with EGFR status,
infused IKC amount, CTL percentage, or NKT percentage.

Response | ITT population (n=25) | PP population (n=14)
Best response n=20 n=14
CR 0 0
PR 1 (5.0%) 1(7.1%)
SD 14 (70.0%) 13 (92.9%)
PD 5 (25.0%) 0
Median PFS (months) 3.8 5.6
95% CI (1.9, 5.6) (3.8, not reach)
OS (=1 year)
Number (%) 15 (60.0%) 12 (85.7%)

Table 2. Response evaluation. CR (complete response): disappear of 100%. PR (Partial response): >30%
decrease. SD (Stable disease): neither PR nor PD. PD (Progressive disease): >20% increase or appearance of
new lesion.

infusion did not reflect significant differences. The baseline QOL was 93.7 (+13.5) and 97.5 (+ 13.3) among the
ITT and the PP population, respectively. The QOL at each visit did not differ significantly compared with the
baseline. The record is illustrated in Supplement 2.

Safety

There was a total of 200 AEs reported during our trial, but 177 of these AEs were unrelated to IKC treatment (see
Supplement 3). Among the reported AEs, most were Grade 1. However, 135 AEs (67.5%) required medical treat-
ment and 19 AEs required hospitalization (see Table 3). AEs most often affected the respiratory system (72.0%),
followed by the gastrointestinal system (48.0%) and administration site (48.0%). Among the respiratory system
AEs, the most common symptoms were cough (44.0%) and dyspnea (28.0%).

There were seven AEs that were probably/possibly related to IKC infusions in four patients. Two patients
exhibited Grade 1 fatigue, one patient exhibited Grade 1 fatigue on two occasions, one patient experienced Grade
1 myalgia, and two patients experienced Grade 1 cough. No Grade 2 or higher severities were reported. Other AEs
were related Gastrointestinal disorder, infections, metabolic disorders, respiratory disorders, and cancer itself.

Discussion and conclusion

In this phase II trial, the PFS was 5.6 months among the PP population. In addition, the PFS was 3.8 months
among the ITT population. These results were better than the historical control of similar NSCLC patients who
received salvage therapy as third line treatment"’.

In this study, PFS and objective response rate were not correlated with EGFR status, the number of IKC cells
injected per cycle, CTL percentage, or NKT percentage. Despite the progress of cancer genomics, immunol-
ogy, and cell manufacturing, the number of successful cases of adoptive cell treatment for solid tumors is still
limited?. Patient responses to adoptive cell transfusions have varied in different trials?’~**. However, there are
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AE (n=200)

Grade of severity

Mild (grade 1)

147 (73.5%)

Moderate (grade 2) 34 (17.0%)
Severe (grade 3) 18 (9.0%)
Life-threatening (grade 4) 1 (0.5%)
Lethal (grade 5) 0
Relationship to IKC

Certain 0
Probably/likely 1(0.5%)
Possible 6(3.0%)
Unlikely 16 (8.0%)
Unrelated 177 (88.5%)

Action taken

None 73 (36.5%)
IKC discontinuous 0
Symptomatic therapy 108 (54.0%)
Hospitalized/prolong hospitalization | 19 (9.5%)
Other 0

Patients (n=25)

IKC related AE

Mild (grade 1) 4 (16.0%)
Moderate (grade 2) 0 (0%)
Severe (grade 3) 0(0%)
Life-threatening (grade 4) 0 (0%)
Lethal (grade 5) 0(0%)
IKC related AE

Fatigue 3 (12.0%)
Myalgia 1 (4.0%)
Cough 2 (8.0%)

Table 3. Adverse events-safety population.

no biomarkers that could have predicted the response of adoptive cell treatment. Also, it is difficult to draw a
conclusion based on our limited number of patients. However, there may be a hint that the response of IKC
infusions was not associated with EGFR status or CTL/NKT cell percentage. Further study of the predictive
biomarkers of IKC treatment is needed.

Immunotherapy recently has achieved impressive outcomes for patients with NSCLC?**?. The response rate
of second line immunotherapy is around 10-20%2%%". For patients with driver mutations, the response rate for
later line treatment after TKI failure is < 10%'***?. In this trial, one participant achieved a partial response,
resulting in a response rate of 7% in the Per-Protocol (PP) population and 5% in the Intention-to-Treat (ITT)
population. These results are similar to the results of previous studies. Moreover, additionally, 14 participants
achieved stable disease or better, leading to an overall disease control rate of 100% in the PP population and
75% in the ITT population. Most of the trials for NSCLC focus on immune checkpoint inhibitors. Because the
immune system is suppressed and/or insufficient among cancer patients, the goal of checkpoint inhibitor is to
resume anti-cancer immunity in patients. If this goal is reached, activation of the immune system could lead to
eradication of cancer cells. Lin and colleagues combined pemrolizumab with NK cells in patients with NSCLC.
The results demonstrated better overall survival in patients with previously treated NSCLC*. Our study supports
the notion that IKC infusion is an efficient strategy for lung cancer treatment. In addition, IKC combined with
immune checkpoint inhibitors may also benefit patients with advanced NSCLC. Additional research focusing
on IKC combined with immune checkpoint inhibitors is warranted.

The pain VAS scale and QOL after IKC treatments were not significantly different from the baseline levels.
Wintner et al. demonstrated that later chemotherapy is associated with a worse QOL. Declines in QOL have
generally been attributed to chemotherapy itself and, especially, third-line or higher treatments are responsible
for QOL impairment™. Therefore, IKC should be considered for lung cancer treatment to achieve a higher QOL
as compared to conventional chemotherapy.

There are some limitations in this study. First, the population of this study is small. NSCLC patients who
received the IKC-based therapy are heterogeneous. Second, more trials are needed to determine the optimal
manufacturing process for IKC and to establish the infusion dosage that achieves the best therapeutic outcome.
Finally, the best regimen of IKC treatment is unknown. There is no trial focus on IKC monotherapy or IKC
combination for patients with NSCLC. A large, prospective, randomized control trial is necessary to confirm
the idea of IKC treatment for patients with NSCLC.
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In conclusion, IKC treatment in patients with NSCLC was well tolerated and it may result in a longer PFS.
IKC infusions should be an option for patients who have received at least two lines of chemotherapy, and further
study of IKC treatment of lung cancer, either alone or in combination with other immune checkpoint inhibitors,
is warranted.

Data availability

All relevant data are within the manuscript. The data underlying the findings of this study are retained at the
study institutes, Taipei Veterans General Hospital and Tri-service General Hospital; and will not be made openly
accessible because of ethical and privacy concerns. Professor Yuh-Min Chen should be contacted if someone
wants to request the data from this study.
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