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Abstract

Background: To evaluate the efficacy and safety of allogenic CD8 + natural killer T (CD8+ NKT) immunotherapy combined with
gefitinib in the treatment of advanced or metastatic EGFR mutant non-small cell lung cancer (NSCLC). Methods: This study is pro-
spective. The NSCLC patients with exon |9 (Ex19del) or exon 21 L858R point mutations, and response to gefitinib treatment were
enrolled into the trial to be randomly assigned into the gefitinib arm and the gefitinib/NKT arm. Allogenic CD8+ NKT cells were cul-
tured in vitro and adaptive transferred into the patients via vein in the gefitinib/NKT arm. The primary endpoint was progression-free
survival (PFS). Secondary endpoint analysis included time to disease progression (TTP), overall survival (OS), levels of serum tumour
markers for carcinoembryonic antigen (CEA) and alanine aminotransferase (ALT) in the blood, the response rate and safety. From July
2017 to June 2021, |9 patients were randomly assigned to the gefitinib arm (n =8) and the gefitinib/NKT arm (n= | ). Results: The
estimated median survival PFS in the gefitinib/NKT arm was significantly longer than that of the gefitinib arm (12 months vs 7 months).
Similar results were also observed for the median TTP. Moreover, the gefitinib/NKT arm had better CEA control than the gefitinib arm.
Clinical grade 3 adverse reactions occurred in 64% and 39% of patients in the gefitinib/NKT arm and the gefitinib arm, respectively. The
most common grade 3 adverse events in the gefitinib/NKT arm included abnormal liver function in 8 cases (73%) and diarrhoea in |
case (9%), both of which resolved after drug intervention. Conclusion: The PFS of EGFR-mutated advanced NSCLC treated with
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allogenic CD8+ NKT cells combined with gefitinib was longer than that of gefitinib alone. No obvious serious adverse reactions
occurred, and the patients compliance and survival status were good.
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Introduction

According to recent cancer burden data, the most common cancer
in China is lung cancer; which is also the leading cause of cancer
death in China and in the USA."? Among nearly two million new
cases of lung cancer diagnosed every year, more than 85% of
these cases were non-small cell lung cancers (NSCLCs) (which
were identified by histopathological grading), including adenocar-
cinoma, squamous cell carcinoma, and large cell carcinoma.**
Regardless of clinical characteristics, various genetic screenings
(such as for EGFR, ALK, BRAF) are currently recommended
by ASCO in all patients with advanced lung adenocarcinoma.
Cumulative data further showed that more than 40% of patients
with NSCLC in the Asian population have epidermal growth
factor receptor (EGFR) mutations, most of which are deletions
in exon 19 (Ex19del) or exon 21 L858R point mutations.””
Depending on the involvement of EGFR receptor tyrosine
kinase inhibitors (EGFR-TKIs) on EGFR mutations in 2004,
various generations of EGFR-TKIs have been developed for the
sequential administration of targeted therapy and have replaced
traditional platinum-based chemotherapies, such as gefitinib, afa-
tinib and osimertinib.® Indeed, these small-molecule drugs have
been proved with significant clinical responses and reduced
treatment-related toxicities, and become the standard of care for
the treatment of NSCLC with EGFR mutation.®> Unfortunately,
most of patients will acquired drug resistance to EGFR-TKIs treat-
ment and show disease progression within approximately 10
months, including the third-generation EGFR-TKI osimertinib.’
These mutations associated resistance to EGFR-TKIs generally
arise due to the drug selective pressure on tumor cells in the treat-
ment through EGFR-dependent or EGFR-indepent resistance
mechanisms.’ Thus, it is a significant challenge to treat advanced
NSCLC with mutation to avoiding or obviously delay the emer-
gence of acquired resistance, and maximize the benefits from
EGFR-TKIs in clinic. So, the combination of EGFR-TKIs with

other target anticancer strategies, such as chemotherapy, radiother-
apy, antiangiogenesis therapy and immunotherapy have been
under consideration.

The cumulative data showed that EGFR-TKISs treatment has the
regulation on the tumor immunological microenvironment and the
EGFR activation up-regulates the expression of PD-L1 on tumor
cells'®" . So, immunotherapy using immune checkpoint inhibitors
(ICISs) for tumors has attracted more attention due to its benefits in
the clinic and has been integrated into the treatment of NSCLC."*
Unfortunately, published data also have revealed that patients with
EGFR-mutant NSCLC have a poor response to ICI monotherapy,
such as anti-PD-1/PD-L1 therapy.'> The potential mechanisms for
the poor efficacy of anti-PD-1/PD-L1 therapy in EGFR mutant
NSCLC include lower expression of PD-L1 in cancer cells and
low tumour mutational burden (TMB).'®!” Moreover, multiple
clinical trials of EGFR-TKI-immunotherapy combination therapy
have been terminated because of increased toxicity or high inci-
dence of adverse events (AEs), and indicated the limitation of
anti-PD-L1 in the current treatment of NSCLC.!82° Therefore, it
is necessary to seek alternative strategy for immunotherapy in the
treatment of these diseases with EGFR-TKIs.

Immune cells which with cytotoxicity to tumor cells attract
attention in cancer therapy for past decades, such as CD8 T
cells and NK cells. Generally, EGFR-mutant NSCLC has a non-
inflamed tumor microenvironment (TME) and infiltrated with
low frequency of CD8+ T cells. But, tumor EGFR-TKIs treat-
ment enhanced the immune recognition and lysis to tumor cells
which mediated by antigen-specific T cells and NK cells.?'?
Moreover, published data showed that EGFR-TKIs treatment
reversed immunosuppression by increasing cytotoxic CD8+ T
cells and dendritic cells, which was accompanied with tumor
shrinkage. Unfortunately, such EGFR-TKI treatment also con-
sistently promoted the production of myeloid-derived suppres-
sor cells (MDSCs), and increased the levels of IL-10 and
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CCL-2.** Thus, EGFR-TKIs treatment induced the change in
tumor immunological microenvironment might bring about a
window of opportunity for combination treatment with cellular
adoptive immunotherapy in advance NSCLC. Different autolo-
gous or allogeneic immune cells, such as CD8" tumour-
infiltrating lymphocytes (TILs), NK cells, and genetically-
modified immune cells (CAR-T and TCR-T cells) have been
cultured in vitro for tumour immunotherapy since the 1980s.%>
# In a previous study, we also identified one
CDld-independent CD8" NK-like T subset, also called NKT
cell, that expresses both T-cell markers and NK-cell receptors,
and has cototoxicity to tumor through killing MDSCs in vivo.*’
We also identified the equivalent CD8+ NKT (CDS8 + CD56+)
in the peripheral blood in humans and confirmed its anti-tumor
capability (data not shown). These data further indicated its poten-
tial usage in the combination with EGFR-TKIs treatment in the
advance NSCLC.

Although vaious EGFR-TKISs of different generations are cur-
rently used in clinic, gefitinib is a representative drug of first-
generation EGFR-TKIs, and has been proven to have superior effi-
cacy in EGFR advanced NSCLC treatment than platinum-based
chemotherapy, with a response rate (RR) of 73% and PFS of
10.8 months.*>*! Thus, in this study, we designed a trial to
explore the potential efficiency and safety of NKT cells adoptive
immunotherapy in the combination with EGFR-TKIs in the treat-
ment of the EGFR mutated advanced NSCLC.

Materials and Methods

Patients

In this clinical trial, we followed the guidelines of the Declaration of
Helsinki, and it was approved by the institutional review board.
Eligible male or female patients were aged between 18 and 75
years old, had a histopathological diagnosis of advanced NSCLC
(clinical stage III/IV) with an EGFR exon 19 deletion mutation or
EGFR exon 21 L858R substitution mutation, and one or more mea-
surable lesions. In the trial period, the patients did not receive any
additional chemotherapy or radiotherapy other than that specified
in this study. Complete inclusion/exclusion criteria are reported in
the trial protocol.** The trial was registered in the Chinese Clinical
Trial Registry (ChiCTR-IIR-17013471) (http:/www.chictr.org.cn/
index.aspx). All patients signed informed consent forms before

screening. The reporting of this study conforms to the CONSORT
statements.>®

Study Design and Treatment

This study is prospective. Subjects were randomly divided into the
gefitinib arm and gefitinib/NKT arm. After enrollment (and prior to
any trial treatment), subjects were randomly assigned to the exper-
imental group (gefitinib /NKT group) or the control group (gefitinib
group) on a 1:1 ratio. And the group randomization method is used
to randomly group the subjects. The subjects were divided into dif-
ferent block groups and then randomly assigned within each group,
and tables of random numbers had been generated by statistical
experts and recorded by the researchers. As the aim of this study
was to explore the effects of adaptively transferred NKT cells on
acquired gefitinib resistance in NSCLC, all volunteers were first
treated with gefitinib for 8 weeks and then were screened the
degrees of gefitinib response. Thus, the week-8 was designated as
the baseline for this trial (Figure 1), and only the volunteers with
no disease progression were enrolled in the study for further
random allocation into the gefitinib arm and the gefitinib/NKT
arm. Next, in the gefitinib arm, the patients were orally treated
with 250 mg gefitinib once daily until disease progression. In the
gefitinib/NKT arm, the patients were treated with gefitinib (as
described in the gefitinib arm) but in combination with an infusion
of a total of 1 X 1010 NKT cells every four weeks from the eighth
week after gefitinib treatment. The diagram of the trial, the frequen-
cies of gefitinib treatment and NKT-cell infusion are described in
(Figure 1) and the protocol.*?

NKT-Cell Preparation

The immediate family members of the patient with consan-
guinity served as the blood donors. All donors signed
informed consent forms and underwent medical examina-
tions to ensure that they met the inclusion criteria for
donors in the protocol.>* peripheral blood mononuclear
cells (PBMCs) from blood donors are collected using a
Fresenius blood cell separator, model COM.TEC (COM).
TEC cell separator for NKT-cell preparation in the trial
(COM). The TEC cell separator (Fresenius Haemocare, Bad
Homburg, Germany) had a total circulating blood volume
of approximately 4000 ml. All PBMC samples were analyzed
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Figure 1. The schedule for the gefitinib treatment and NKT cell adaptive transfer in the trial.
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Figure 2. Flow analysis for cultured NKT cells.

The percentage of CD8" cells among the expanded cells was analyzed by using flow cytometer, and the representative graphs were shown.

to determine the total cell number and the percentage of
CD8* T cells and then cryopreserved in liquid nitrogen for
further experiments.

CD8* NKT-cell preparation was accomplished by culturing
allogeneic PBMCs from donors with CD8" NKT culture
medium developed by the Institute of Cell Therapy of Tsinghua
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University (Beijing, China). PBMCs were differentiated in T75
flasks and transferred to 2 L culture bags on Day 4 for CD8"
NKT-cell expansion until cells were harvested on Days 12 and
15. The percentage of CD8" cells among the expanded cells was
greater than 60%, and representative flow cytometery graphs are
shown in (Figure 2) the supplementary data. The total number of
cells used for patient infusion was up to 1x 1010. The final cell
product for infusion was prepared in saline with albumin.

Clinical Evaluation

According to the improved version 1.1 of the evaluation stan-
dard for solid tumours,** imaging evaluations were performed
at baseline and every 2 months thereafter until progression.
Reaction, progression-free survival (PFS) and overall survival
(OS) were assessed by investigators. Adverse events were
graded using the National Cancer Institute CTCAE. After pro-
gression, survival information was collected every 6 months,
including post-treatment information, until death.

Study end Points

The primary end point was the time from randomization to the first
recording of disease progression (imaging-based) or patient death
comparing PFS between the gefitinib/NKT arm and the gefitinib
arm. Secondary endpoints included OS, TTP, safety and adverse
reactions. OS was defined as the time from randomization to
death from any cause. The safety index is based on the CTCAE
standard of the degree of adverse reactions, so adverse events
are recorded regardless of the cause to ensure objective reporting.

Statistical Analysis

The primary end point PFS was first compared to verify superior-
ity between the two arms according to the protocol.>* The test was
considered effective only when it was demonstrated that the PFS
of the gefitinib/NKT arm was greater than that of the gefitinib
arm. The Kaplan—Meier method was used to estimate the survival
curve of PFS, TTP and OS, and the log rank test was used to
analyse the confidence interval. The research team considered
that adverse reactions related to NKT-cell infusion, such as shiver-
ing, dizziness, fatigue, and fever, were not related to clinical out-
comes. The median quartile interval was used to compare CEA

Table 1. Patient Accumulation.

N=19
Subjects were randomly assigned
*N=8 *N=11
GEF Arm GEF/NKT Arm
N=8 N=0 N=10 N=1
Test Fall by the Test Fall by the
complete wayside complete wayside

*Follow-up period N=1 died *Follow-up period N=3 died

*1. All patients were randomly divided into GEF Arm and GEF/NKT Arm.
2. During the follow-up period, 1 patient in the GEF Arm died and three patients
in the GEF/NKT Arm died.

and ALT, and Fisher’s exact test was used to compare the inci-
dence of adverse reactions between the two arms.

Results

Patient Allocation

From July 2017 to June 2021, a total of 19 subjects were random-
ized. In both arms, 18 (94.7%) completed all the study visits, and 1
(5.3%) withdrew early from the study. Among them, 11 patients
(57.9%, 11/19) were treated with gefitinib/NKT, and 8 patients
(42.1%, 8/19) were treated with gefitinib alone. Of the 11 subjects
in the cellular immunotherapy group, 10 (90.9%) completed all the
study visits, and 1 (9.1%) withdrew from the trial for several
reasons. Of the 10 subjects who completed the trial, 3 (30%)
died of disease progression during the follow-up period after
disease progression. Of the 8 subjects in the gefitinib arm, 8
(100.0%) completed all the study visits. During the follow-up
period after disease progression, 1 (12.5%) died due to disease pro-
gression. Information on the patient registration and distribution is
shown in (Table 1). The database was finalized on June 30, 2021.

Demographic and Baseline Characteristics

The baseline characteristics of the patients are listed in (Table 2).
There were 19 subjects, including 8 males and 11 females. In the
gefitinib/NKT arm, there were 4 males (36.4%) and 7 females
(63.6%). In the gefitinib arm, there were 4 males (50.0%) and 4

Table 2. Baseline Demographics and Clinical Characteristics.

GEF GEF/NKT
Characteristic Arm Arm P Value
No. of patients 8 11 0.6577
Sex
Male 50.0% 36.4%
Female 50.0% 63.6%
Smoking status 0.0578
Never 62.5% 100.0%
Previous or current smoker  37.5% 0.0%
*KPS 0.0587
100 12.5% 63.6%
90 87.5% 36.4%
Bearing 0.1698
right 25.0% 63.6%
left 75.0% 36.4%
Histologic diagnosis
Adenocarcinoma 100.0% 100.0%
Squamous cell carcinomas 0.0% 0.0%
Stage of disease >0.9999
I 12.5% 9.1%
v 87.5% 90.9%
Type of *EGFR mutation >0.9999
Exon 19 deletion 25.0% 63.6%
Exon 21 Leu858Arg 75.0% 36.4%

mutation

* Abbreviations: KPS, Karnofsky, Physical condition rating sheet; EGFR,
epidermal growth factor receptor.
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females (50.0%). Among the smoking status, 11 people had no
smoking history in GEF/NKT Arm (100%), 7 people had no
smoking history in GEF Arm (62.5%), and 2 people had smoking
history (37.5%). A uniform genetic test was taken before starting
treatment. These patients had different histological subtypes, with
exom19 mutation in GEF/NKT Arm in 7 patients (63.6%) and
GEF Arm in 2 patients (25.0%). Exon 21 Leu858Arg mutation
was found in 5 persons (36.4%) in GEF/NKT Arm and 6 persons
(75.0%) in GEF Arm. Smoking status, KPS score, location, patho-
logical type, stage and EGFR mutation type were compared, and
Chi-square test was performed on the data, however, the difference
was not statistically significant (all P>.05).

Treatment Process

Gefitinib arm Of those exclusively receiving gefitinib treatment,
1 case of hypothyroidism was treated with thyroid drugs, 1 case
was treated with oral antihypertensive drugs, 1 case was treated
with human albumin infusion, and 1 case was treated with cisplatin
(bronchial arteriography and perfusion chemoembolization).
Gefitinib/NKT arm According to the research flow chart as
previously described,> 2 patients (18.1%) completed one

therapeutic cycle of NKT-cell infusion, four patients (36.3%) com-
pleted two therapeutic cycles, one patient (9.0%) completed three
therapeutic cycles, two patients (18.1%) completed four therapeu-
tic cycles, and two patients (18.1%) completed five therapeutic
cycles. Eleven cases (100.0%) were treated with anti-allergic
drugs due to NKT-cell infusion, 6 cases (54.5%) were treated
with liver protection and enzyme lowering therapy with Sodium
glutathione, Compound Glycyrrhizin, Silybin meglumine due
to elevated ALT and abnormal liver function, 4 cases (36.3%)
were treated with bone metastasis drugs with Zoledronic acid .
Ibandronate due to bone metastasis, and 1 case was treated with
montmorillonite powder due to diarrhoea.

Efficiency

Although different degrees of response to gefitinib treatment were
observed, all randomly assigned volunteers in both arms showed
response to the gefitinib without significant difference in both
arms in the first 8 weeks (Figure 3A and 3B). Next, the week-8
was designated as the baseline to explore the efficiency of adap-
tive transferred NKT cells in delaying the gefitinib resistance in
the patinets in this trial, and the efficiency was shown below.
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Figure 3. The response of the volunteers to gefitinib treatment at different stages.

The maximum tumour change from baseline by the best overall response is shown, as per Response Evaluation Criteria in Solid Tumours (RECIST), version 1.1, in
both the gefitinib arm and gefitinib/NKT-cell arm. (A-B) The degree of the response to the gefitinib after being treated for 8 weeks. The volunteer was screened in
week 0 and then designated as baseline to initiate gefitinib treatment, and then the response to gefitinib was evaluated by comparing the lesions in week 8 with the
baseline (week-0). The degrees of gefitinib response in the volunteers of (A) the gefitinib arm and (B) gefitinib/NKT arm after 8 weeks of treatment from week 0 are
shown. The volunteers with no response to the gefitinib treatment were excluded. (C-D) The degree of the response to the gefitinib after being treated NKT cells. The
week-8 was designated the baseline for NKT-cell treatment, and then all volunteers were divided into the gefitinib arm and gefitinib/NKT arm. The degrees of
gefitinib response in the volunteers of both (C) the gefitinib arm and (D) gefitinib/NKT arm after accepting NKT-cell treatment from week 9 to the end point of the
study were shown. Each bar represents the maximum change in the sum of the diameters of the target lesions of an individual patient. CR complete response, PR

partial response, SD stable disease, PD progressive disease.
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3%

Figure 4. The CT scan data of the representative patient in the
gefitinib/NKT arm after being treated with NKT-cell.

The CT scan results at (A) the baseline and (B) three one-cell-therapy-cycles
NKT cell treatment (Count up to 24 times NKT cells adaptive transfer in total 60
weeks) were shown.

Gefitinib arm Eight patients underwent disease assessment
scans. SD was observed in 4 cases (50.0%), and PD was
observed in 4 cases (50.0%) (Figure 3C).

Gefitinib/NKT arm Eleven patients were evaluated
according to RECIST version 1.1.** All volunteers started
to accept NKT treatment from week-9 except gefitinib. As
shown in (Figure 3D), the best response was complete remis-
sion (CR) in 1 case (9.0%), surgical resection of the lesion,
stable disease (SD) in 4 cases (36.3%), and progressive
disease (PD) in 6 cases (54.5%). The CT scan images of
one representative patient with partial response are shown
in (Figure 4).

Efficacy Evaluation

Progression-free survival (PFS) The primary endpoint
was PFS. The target sample size was set to 30 patients
(actually 19 patients in both arms), and withdrawal was
allowed. The Kaplan—-Meier method was used to estimate
the median PFS, and the log rank test was used to
compare between arms (P=.049) (Figure 5A). The
median PFS of the NKT combined with gefitinib arm was
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Figure 5. PFS, TTP and OS of the volunteers.
Kaplan—-Meier estimates of (A) PES, (B) TTP and (C) OS in the full analysis set
in the gefitinib arm and the gefitinib/NKT arm were shown.

12.0 months, and the median PFS of the gefitinib arm
was 7.0 months. Thus, PFS was significantly prolonged
in the NKT-cell treated arm.

Time to progression (TTP) The definition of tumour pro-
gression was the same as that of PFS. The Kaplan—Meier
method was used to estimate the median TTP, and the log
rank test was used to compare two arms (P=.049)
(Figure 5B). The time of disease progression in the gefitinib/
NKT arm was significantly longer than that in the gefitinib
arm. Moreover, the data also showed lower CEA protein
levels in the NKT treatment arm (Figure 6A).

Overall survival (OS) Due to the limited number of cases
and the immature OS data (Figure 5C), no available statistical
analysis can be provided. At the end of the data collection
period, 3 patients (27.2%) in the gefitinib/NKT arm died, and
1 patient (12.5%) in the gefitinib arm died.

Security According to the CTCAE standard, 7 cases
(64%) in the gefitinib/NKT arm and 3 cases (39%) in the
gefitinib arm had grade 3 adverse events. Among them,
the most common grade 3 adverse events in the gefitinib/
NKT arm were abnormal liver function in 8 cases (73%)
and diarrhoea in 1 case (9%). The most common grade 1-
2 adverse events were shivering in 2 cases (18%), dizziness
in 3 cases (27%), fatigue in 8 cases (73%) and fever in 2
cases (18%). All of the adverse events were associated
with NKT-cell reinfusion and relieved spontaneously after
48 h. In the gefitinib arm, there was 1 case (13%) of bleed-
ing, 1 case (13%) of abnormal liver function, and 1 case
(13%) of nausea and vomiting. Among the most common
grade 1-2 adverse events, weight loss occurred in 2 cases



Technology in Cancer Research & Treatment

A
Arm
500.007 — Gefitinib + NKT cells
""" Gefitinib
g} 400.00-
g 300.007
“ 200.001 ;
100.00
R R EEEEE
L B B B o B o B o B o B o T o T o B S I o
Treatment cycle

B
Arm
100.00 — Gefitinib + NKT cells
""" Gefitinib
80.00
2 60.00-
2 40001
20,001 :
00T T T T T 1T T 1711
—~ & o e~ &l en S o~ el e
B R G R R )
Treatment  cycle

Figure 6. The levels of CEA and ALT in the serum of the volunteers.

Analysis using median quartile spacing of (A) CEA levels and (B) ALT levels in the full analysis set in the gefitinib arm and the gefitinib/NKT arm were show.

Table 3. Common Adverse Events.

*No. of Patients (%)

GEF Arm GEF/NKT Arm
(n=8) (n=11)
Toxicity ALL Grade 1-2 Grade3 Grade4 Grade5 ALL Grade 1-2 Grade 3 Grade 4 Grade 5
Skin rash 0 0 0 0 0 1 (9%) 1 (9%) 0 0 0
Diarrhea 0 0 0 0 1 (9%) 0 1 (9%) 0 0
Dry skin 0 0 0 0 0 0 0 0 0 0
Paronychia 0 0 0 0 0 0 0 0 0 0
Bleeding 1 (13%) 1 (13%) 0 0 0 0 0 0 0 0
Liver function 1 (13%) 0 1 (13%) 0 0 8 (73%) 2 (18%) 6 (55%) 0 0
Skin rash 0 0 0 0 0 0 0 0 0 0
Weight loss 2 (25%) 2 (25%) 0 0 0 0 0 0 0 0
Nausea and vomiting 1 (13%) 0 1 (13%) 0 0 0 0 0 0
Intermittent lung disease 0 0 0 0 0 0 0 0 0 0
Shivering 0 0 0 0 0 2 (18%) 2 (18%) 0 0 0
Dizziness 0 0 0 0 0 3 (27%) 3 (27%) 0 0 0
Fatigue 0 0 0 0 0 8 (73%) 8 (73%) 0 0 0
Fever 0 0 0 0 0 2 (18%) 2 (18%) 0 0 0

*1. Adverse events were classified according to the National Common Adverse Event Evaluation Criteria (CTCAE version 5.0).

2. Data are presented as number of patients and the percentage in the Arms (%).

(25%). No serious adverse events were reported in the gefi-
tinib/NKT arm or gefitinib arm (Table 3).

The most common adverse event was abnormal liver func-
tion in the gefitinib/NKT arm, which mainly manifested as ele-
vated transaminase levels (Figure 6B). Second, fatigue,
dizziness and shivering appeared as immune activation reac-
tions. The third most common adverse event included nausea,
vomiting and diarrhoea in the digestive system. In the gefitinib
arm, weight loss was the most common adverse event associ-
ated with the metabolic system. The next most common event
was associated with the digestive system and involved liver

dysfunction and nausea and vomiting. The third most
common event was bleeding. With the exception of the cases
described in the adverse events section, no other obvious abnor-
mal results with clinical significance were found.

Discussion

In this study, we evaluate the safety and efficacy of allogenic
cellular immunotherapy combined with EGFR-TKISs in the treat-
ment of patients with advanced NSCLC and EGFR-sensitizing
mutations compared with standard EGFR-TKIs monotherapy.
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By treating with the first generation EGFR-TKI gefitinib simul-
taneously, the adoptive transfer of allogenic CD8" NKT cells
dramatically increased the PFS time from 7 months in the gefiti-
nib arm to 12 months in the gefitinib/NKT arm. Despite the lack
of results regarding OS due to the limited numbers of cases, it
should be noted that the patients in the gefitinib/NKT arm bene-
fited from this immunotherapy without obvious or clinically rel-
evant toxicity.

As a new kind of molecular targeted drug, EGFR-TKIs,
including the first-generation gefitinib, represent a promising ther-
apeutic option for NSCLC patients with EGFR mutations.*
However, long-term treatment with EGFR-TKIs often results in
drug resistance, which remains an unavoidable dilemma for
NSCLC patients. Published data have shown that the median
PFS times of patients treated with gefitinib vary from 8 to 9
months.>*>* In this study, 19 subjects (8 patients in the gefitinib
arm and 11 in the gefitinib/NKT arm) were assessed for more than
three years, and the median PFS time was 7 months, which was
slightly different from that previously reported. These variations
in PFS might be attributed to the different patient populations
and the small size of the samples in the studies.

It is well known that the occurrence and development of
tumours are the result of the immune escape of newly
mutated tumour cells. Similar mechanisms were also found in
the resistance to EGFR-TKIs treatment in the advanced
NSCLC. Therefore, immunotherapy is regarded as a potential
effective therapy strategy in these diseases. However, low
PD-1 and PD-L1 expression levels and increased B7-H4
protein levels in tumour cells result in poor therapeutic efficacy
in patients with advanced EGFR-mutant NSCLC.***** In this
trial, we treated these patients by combining gefitinib with allo-
genic CD8" NKT cells, which were amplified from PBMCs in
vitro. The results showed that the median PFS time was
extended from 7 to 12 months in the patients (Figure 5A).
Moreover, the TPP analysis results of the secondary analysis
index also showed that the TPP of the gefitinib/NKT arm was
significantly longer than that of the gefitinib arm (Figure 5B).
Therefore, these results showed that NKT cells combined
with gefitinib partially improved the progression of
EGFR-TKIs drug resistance caused by treatment with gefitinib
alone in EGFR-mutant NSCLC patients.

CEA is an important tumour marker in lung cancer.* In this
trial, the dynamic evaluation results of CEA showed that the
CEA values in the gefitinib arm fluctuated greatly. After treat-
ment with gefitinib alone for 7 months, the levels of CEA
increased significantly and peaked at the 10th month, indicating
disease progression in the patients. Conversely, the CEA values
were well controlled in the gefitinib/NKT arm, and the curve
was smooth until the end of the trial (Figure 6A). Thus, this
CEA tumour index also reflects the good control effect of
CD8" NKT-cell immunotherapy on tumour load in patients.

To note, most patients in the gefitinib/NKT arm exhibited
good medication compliance (80%) in the trial period.
Unfortunately, during the COVID-19 epidemic in China,
some patients could not go to the hospital to complete cell trans-
fusions due to regional blockade policies in China from early

March 2020. Therefore, these patients maintained gefitinib
monotherapy at home, resulting in rapid progression of the
disease and even death in the follow-up period. Therefore,
these unpredictable force and majeure factors affected the effi-
cacy evaluation in this trial to some degree. Moreover, the
insufficient number of recruited volunteers in the trial directly
impacted the OS evaluation.

This pilot study was also designed to assess the safety of
CD8" NKT-cell adoptive therapy. The clinical results indicated
that this cellular immunotherapy offers potential clinical bene-
fits with minimal adverse reactions. It has been reported that
the most common side effects of gefitinib treatment include
moderate degrees of rash, diarrhoea, nausea and vomiting,
and these side effects typically occur in the first month of treat-
ment. In this trial, no rash or diarrhoea occurred in the gefitinib
arm, and only one patient developed nausea and vomiting. In
the gefitinib/NKT arm, one patient developed skin rash and
diarrhoea in the early gefitinib treatment period, and
NKT-cell transfusion tended to aggravate diarrhoea and
caused withdrawal from the trial. However, the direct effects
and potential mechanisms of allogenic CD8+ NKT-cell treat-
ment on diarrhoea need further exploration in the future.
Moreover, in this study, chills (2 cases), dizziness (3 cases),
fatigue (8 cases) and fever (2 cases) were observed in some
patients in the gefitinib/NKT arm.

Published data have shown that gefitinib treatment alone typ-
ically has no obvious liver damage effects,** which was also
confirmed by the data (Figure 6B) in this trial. Generally, our
preliminary clinical data revealed no abnormal or intolerable
changes in liver and kidney function caused by CDS8*
NKT-cell infusion (data now shown). Herein, it should be
noted that 8 patients in the gefitinib/NKT arm had elevated
ALT levels (Figure 6B), indicating that this combined strategy
caused mild liver injury. This might be due to the rich distribu-
tion of CD8" NKT cells in the liver after donor infusion, which
can cause cytotoxic activation.

CDS8* NKT cells are immune cells that express granzyme and
perforin and exhibit high levels of IFN-y secretion. Therefore,
transferred CD8% NKT cells exhibit direct cytotoxic effects to
kill tumour cells and myeloid-derived suppressor cells (MDSCs)
to inhibit tumour growth.*> The impact of HLA allele mismatch
on transplant outcomes is associated with an increased incidence
of graft-versus-host disease in immunocompetent recipients and
acute graft-versus-host disease (GVHD) in haploidentical stem
cell transplantation.*® These alloreactive reactions are mainly
mediated by the activation of T cells from the donor and the
host. Thus, allogenic CD8* NKT-cell transfer can also induce
alloreactivity in vivo to upregulate the efficiency of antitumor
immunity and contribute to the benefits and adverse reactions of
patients with NSCLC. Of note, the mismatch between the donor
and the recipient potentially leads to hypersensitivity in the
patients. Therefore, to prevent hypersensitivity, anti-allergic
drugs should be simultaneously administered during cell transfu-
sion. Fortunately, in this trial, no patients experienced serious aller-
gic reactions, and only a few patients experienced low to moderate
adverse reactions, such as fever, chills, and dizziness.
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Since the end of our study is in 2021, most of the patients
who participated in our study were infected with COVID-19.
Although we did not actually study the relationship between
COVID-19 and lung cancer progression, there is still some lit-
erature supporting the relationship between COVID-19 and
lung cancer progression. So these results of the study were
also potentially affected by COVID-19.

There have been other case reports where EGFR TKI’s and
ALK TKI’s were continued in patients with active COVID 19
infections, but patients in these reports had mild infection and
did not require intensive care, unlike patients in this
study.*”*® The factors favoring the good response in patients
could be the younger age and nonsmoker status in this study
and results may be different for older patients who are
smokers in many published works. However starting and con-
tinuing TKI therapy in driver mutated lung cancer warrants
further studies.*’

On the other hand, due to the complexity of cell preparation,
rigorous individualization, and early stage of clinical trials, only
a small number of patients can be recruited for trials to evaluate
the initial effectiveness and safety, resulting in a small sample
size bias.

Currently, though the first generation (gefitinib and erlotinib),
the second generation (afatinib and dacotinib) EGFR-TKIs and
the third generation EGFR-TKIs, including osimertinib, have
been developed, it is not easy to select the optimal therapy for
the first-line treatment. Therefore, more and more attention has
been paid to the orderly design of optimization strategies for
various EGFR-TKI applications in clinical practice.*® In oncology,
auniversally principle of “best therapy first” or “hit hard and early”
have been accepted. At the earliest stage of EGFR-TKIs treatment
in the advance NSCLC, these small molecular target drugs signifi-
cantly induce tumor regression and gain disease control for a long
period of time. Thus, such treatment provides one time window to
receive efficacious combination therapy before patient status dete-
riorates. Considering the direct impact on the tumor immunologi-
cal microenvironment after EGFR-TKIs treatment, a safe
combination of immunotherapy and EGFR-TKIs is available in
the first-line application. Unfortunately, a growing number of clin-
ical trials for immunotherapy, such as using durvalumab and nivo-
lumab, recruit the patients with well-tolerance to EGFR-TKISs, and
such delaying treatment may limit overall benefit of the entire
therapy.'®>" In this study, we combined CD8+ NKT cell adoptive
transfer with EGFR-TKIs at the opening phase, and the data
declared that this synergistic action lifted benefit of the entire
therapy, including the safety and efficacy. Thus, it indicated that
the treatment using CD8+ NKT cells adoptive transfer combine
with EGFR-TKIs may be a potential strategy for the advanced
NSCLC with EGFR mutation.

Conclusions

In summary, we combined allogenic CD8* NKT-cell immuno-
therapy with EGFR-TKI (gefitinib) for EGFR-mutant NSCLC
treatment and demonstrated that this synergistic effect benefit
patients with prolonged PFS, and no serious adverse reactions.

The data suggest the potential usage of this therapeutic regimen
in EGFR-mutant NSCLC. However, more trials are still needed
for confirmation, and the underlying mechanisms require
further exploration.
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