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ABSTRACT

Background Invariant natural killer T (iNKT) cells produce
copious amounts of cytokines in response to specific
glycolipid antigens such as oi-galactosylceramide (c:GalCer)
presented by CD1d-expressing antigen-presenting cells
(APCs), thus orchestrating other immune cells to fight
tumors. Because of their ability to induce strong antitumor
responses activated by oiGalCer, iNKT cells have been
studied for their application in cancer immunotherapy. In our
previous phase I/l trial in non-small cell lung cancer (NSCLC)
patients who had completed the standard treatment, we
showed a relatively long median survival time without severe
treatment-related adverse events. Based on these results,
we performed a phase Il trial to evaluate clinical responses,
safety profiles and immune responses as a second-line
treatment for advanced NSCLC.

Methods Patients with advanced or recurrent NSCLC
refractory to first-line chemotherapy were eligible. oGalCer-
pulsed APCs were intravenously administered four times.
Overall survival time was evaluated as the primary endpoint.
The safety profile and immune responses after APC injection
were also monitored. This study was an open label, single-
arm, phase Il clinical trial performed at Chiba University
Hospital, Japan.

Results Thirty-five patients were enrolled in this study,

of which 32 (91.4%) completed the trial. No severe

adverse events related to the treatment were observed.

The estimated median survival time of the 35 cases was
21.9 months (95% Cl, 14.8 to 26.0). One case (2.9%)
showed a partial response, 14 cases (40.0%) remained as
stable disease, and 19 cases (54.3%) were evaluated as
progressive disease. The geometric mean number of iNKT
cells in all cases was significantly decreased and the mean
numbers of natural killer (NK) cells, interferon-y-producing
cells in response to o/GalCer, and effector CD8+ T cells were
significantly increased after the administration of o.GalCer-
pulsed APCs.

Conclusions The intravenous administration of ouGalCer-
pulsed APCs was well-tolerated and was accompanied by
prolonged overall survival. These results are encouraging and
warrant further evaluation in a randomized phase lll trial to
demonstrate the survival benefit of this immunotherapy.
Trial registration number UMIN000007321.

BACKGROUND
Previously treated advanced or recurrent
non-small cell lung cancer (NSCLC) cases are
challenging to treat because the remaining
treatment options are quite limited. Several
immunotherapeutic approaches have been
studied to determine better treatment
options for cancer patients.l_3
CDld-restricted invariant natural killer T
(iNKT) cells are characterized by the expres-
sion of invariant T cell receptor (TCR),
which recognizes a specific ligand, o-galac-
tosylceramide (0GalCer).! CD1d is a major
histocompatibility complex class I-like mole-
cule that lacks heterogeneity and presents
glycolipid antigens to iNKT cells.” ® iNKT
cells exhibit potent anti-tumor activity against
various tumors through several mechanisms
by recognizing glycolipid ligands presented
on CDI1d via TCRs.”® Activated iNKT cells
become cytotoxic and produce high levels
of cytokines including interferon-y (IFN-
Y), thereby regulating innate and adaptive
immune rf:sponses.g_11 Administration of
oGalCer-pulsed dendritic cells (DCs) in
multiple mouse models expanded iNKT cells
and led to the eradication of established
metastatic tumors.'”” ¥ These findings have
led to the development of NKT cell-targeted
immunotherapy for treating cancer patients.
Several clinical trials of NKT cell-targeted
immunotherapy by us and other groups have
shown promising results.'*"® Nieda et al.
administered immature monocyte-derived
DCs (MoDCs) with aGalCer pulse to cancer
patients and observed activation of iNKT
cells and their downstream activation of
conventional T cells and NK cells.'"* Chang
et al. gave aGalCer-pulsed mature MoDGCs
to cancer patients and confirmed expansion
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of iNKT cells in vivo in humans.'” Whereas other groups
use MoDCs as antigen-presenting cells (APCs), we estab-
lished a new method of obtaining large numbers of APCs
from peripheral blood mononuclear cells (PBMCs) and
proposed that whole-cultured PBMCs instead of DCs
had the potential to efficiently induce the expansion
and activation of iNKT cells.'” We conducted several
clinical studies of iNKT cell-targeted immunotherapy in
patients with NSCLC and head and neck cancers."”* In a
phase I/II clinical trial, in which 17 NSCLC patients who
completed the standard treatment options were enrolled,
the median survival time (MST) was relatively good
at 18.6 months.”® Therefore, this treatment might be
expected to lengthen the survival of patients with NSCLC
or other cancers. Moreover, severe treatmentrelated
adverse events were not observed in these trials, and thus
the safety of this therapy is thought to be high. In addi-
tion, there is a possibility of maintaining the quality of
life of patients with advanced NSCLC through the admin-
istration of this treatment. Because effective treatments
have been limited to second-line treatment of NSCLC, it
is important to explore the efficacy and safety of this treat-
ment as a second-line therapy. From this point of view,
we performed a phase II study of aGalCer-pulsed APC
administration in patients with advanced NSCLC who
had completed first-line treatment.

METHODS

Patient eligibility criteria

We included patients aged between 20 and 75 years with
histologically or cytologically diagnosed NSCLC, and who
had received platinum-based chemotherapy, as well as
an appropriate tyrosine kinase inhibitor for those with
an epidermal growth factor receptor (EGFR)sensitizing
mutation. Additional inclusion criteria were as follows: a
performance status of 0 or 1; the existence of a measur-
able lesion; expected survival of 3 months or more; and
had received no chemotherapy or radiotherapy for at
least 4weeks before enrollment. Voi24+VB11+ iNKT cells
were detected at a level of more than 10 cells in 1 mL
peripheral blood by flow cytometry. Exclusion criteria
included the following: a positive response to HIV, hepa-
titis C virus, or human T cell leukemia virus antibodies;
positivity for hepatitis B surface antigen; the presence
of active inflammatory disease or active autoimmune
disease; a history of hepatitis; pregnancy or lactation;
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concurrent corticosteroid therapy; or evidence of another
active malignant neoplasm. Histological type, staging,
and the antitumor effect of the treatment were classified
according to the seventh lung cancer tumor node metas-
tases classification and staging system.*®

Clinical protocol and study design

The study was an open label, single-arm, phase II clin-
ical trial, and was undertaken in the Department of
General Thoracic Surgery, Chiba University Hospital,
Japan, according to the standards of Good Clinical Prac-
tice for Trials on Medicinal Products in Japan. The study
was conducted in accordance with the Declaration of
Helsinki.

A scheme of the study design is shown in figure 1.
Written informed consent was obtained from all patients
before undergoing a screening evaluation to determine
eligibility. Extensive clinical and laboratory assessments
were conducted once a week and consisted of a complete
physical examination and standard laboratory assess-
ments. Adverse events and changes in laboratory values
were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events V.3.0
(CTCAE). Patients were followed up for 2years or until
death.

Preparation of APCs containing DCs from peripheral blood

All procedures were performed according to Good Manu-
facturing Practice standards. Eligible patients underwent
peripheral blood leukapheresis (COBE Spectra, Terumo
BCT, Lakewood, CO), and PBMCs were separated by
density gradient centrifugation (OptiPrep, Axis-Shield,
Oslo, Norway). For the preparation of APCs containing
DCs, PBMCs were cultured with GM-CSF and IL-2, as
previously described.* Briefly, PBMCs were washed three
times and resuspended in AIM-V (ThermoFisher Scien-
tific, Waltham, MA) with 800U/mL human GM-CSF
(GeneTech Co., Ltd, China) and 100 JRU/mL recom-
binant human IL-2 (Imunace; Shionogi, Japan). The
cultured cells were pulsed with 200ng/mL oGalCer
(KRN7000; REGIMMUNE, Japan) on the day before
administration. After 7 or 14 days of culture, the cells
were harvested, washed three times, and resuspended in
100mL 2.5% albumin in saline. The criteria for aGalCer-
pulsed APC administration included a negative bacte-
rial culture 48hours before APC injection, cell viability
of >60%, and an endotoxin test 48hours before APC

day42 day49 day56 day77
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Figure 1 Study design of aGalCer-pulsed APC administration. The patients received aGalCer-pulsed APCs containing
DCs (APC#1, APC#2, APC#3, and APC#4). The timings of apheresis and APC administration are shown. a.GalCer,
o-galactosylceramide; APCs, antigen-presenting cells; DCs, dendritic cells.
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injection with a result of <0.7 EU/mL. APCs containing
DCs (l><109cells/m2/injecti0n) were administered four
times intravenously (figure 1).

Evaluation of APC phenotype

The phenotypes of monocytes and APCs were determined
with a FACSCanto II (BD Biosciences, Franklin Lakes, NJ)
and FlowJo software (Flowjo, LLC, Ashland, OR). Mono-
clonal antibodies (mAbs) were as follows: fluorescein
isothiocyanate (FITC)-labeled anti-HLA-DR, anti-CD14
(BD Biosciences), phycoerythrin (PE)-labeled anti-CD86,
anti-CD1d (BD Biosciences), allophycocyanin-labeled
anti-CD40 (BD Biosciences), and Pacific blue (PB)-
labeled anti-CD11c (Biolegend, San Diego, CA). Isotype-
matched control mAbs were used as negative controls.

Identification of mononuclear cell fraction in peripheral blood

PBMC samples were obtained from patients before the
administration of aGalCer-pulsed APCs, and another eight
times during the 11-week study period (figure 1). mAbs to
detect and fractionate mononuclear cells in peripheral
blood were: FITC-conjugated anti-TCR Va24 (Beckman
Coulter, Brea, CA), anti-CD14 (BD Biosciences), anti-
CD45RA (BD Biosciences), PE-conjugated anti-TCR
VP11 (Beckman Coulter), anti-CD56 (BD Biosciences),
anti-CCR7 (Biolegend), allophycocyanin-conjugated anti-
CD3 (BD Biosciences), aGalCer-loaded CD1d tetramer
(ProImmune), allophycocyanin-Cy7 conjugated anti-
CD3 (BD Biosciences), PE-Cy7-conjugated anti-CD8 (BD
Biosciences), PB-conjugated anti-CD4 (BD Biosciences),
anti-CD16 (BD Biosciences), anti-PD-1 (Biolegend), and
anti-HLA-DR (Biolegend). The absolute numbers of these
cells were also calculated using automated full blood
counts.

Single-cell enzyme-linked immunospot (ELISPOT) assay
PBMCs were washed three times with PBS and then
stored in liquid nitrogen until use. The detection
of IFN-ysecreting cells was performed as previously
described.” Briefly, 96-well filtration plates (Millipore,
Bedford, MA) were coated with human anti-human IFN-y
(10mg/mL, Mabtech, Sweden). PBMCs (5><105/we11)
were incubated for 16 hours with aGalCer (200ng/mL)
in 10% fetal bovine serum containing RPMI. Phorbol
12-myristatel3-acetate (10mg/mL) plus ionomycin
(10nM) was used as a positive control. After culture,
the plates were washed and incubated with biotinylated
anti-IFN-y (1 mg/mL, Mabtech). Spotforming cells were
quantified by microscopy.

Evaluation of clinical responses and statistical analysis

The primary endpoint was overall survival (OS; time from
the first apheresis until death from any cause). Secondary
endpoints were safety, progression-free survival (PFS),
response rate (RR; percentage of patients with complete
response (CR) or partial response (PR) as per RECIST
V.1.1), and disease control rate (DCR; percentage of
patients with CR, PR, or stable disease (SD)). OS, PFS,
RR, DCR, and safety were analyzed in all patients who

received at least one course of study treatment. Protocol
deviation cases were excluded from the correlation anal-
yses of immune responses and survival time because it
would not be possible to adequately assess these without
two courses of treatment. Because the MST of the
previous phase I/II trial was 18.6 months, the expected
survival time was determined to be 17 months.** In addi-
tion, the threshold time was set to 8 months with refer-
ence to 7.8 months, which was the result of the MST of
low-dose docetaxel monotherapy for NSCLC patients in
Japan,?” the standard therapy for second-line treatment
at the start of this study.

All patients underwent an assessment of tumor status by
chest CT at baseline and 3 weeks after the fourth auGalCer-
pulsed APC administration (11 weeks after study entry).

Continuous variables are summarized as the mean and
SD and categorical variables as frequencies and propor-
tions. The Kaplan-Meier method was used to estimate
MST and a 95% CI of OS and PFS. The difference between
the good responders group and the poor responders
group for OS was evaluated using a log-rank test. The
linear mixed effect model for repeated measures was
used to estimate the mean, SE, and 95% CI of the mean
of each measuring point of immune monitoring, which
can address all available post-baseline data. Safety was
examined using the safety analysis set, which was defined
as any patient who had received at least one dose and who
had at least one safety assessment at post-baseline. A two-
sided p-value of <0.05 was considered statistically signifi-
cant, and all analyses were performed using SAS V.9.4 for
Windows.

RESULTS

Patient characteristics

A total of 35 patients were enrolled in the study from
February 2012 to August 2015. Three patients became
protocol deviation cases due to exacerbation of their
primary disease within 4weeks after administration of the
therapy, and another treatment was prescribed. The char-
acteristics of 35 patients who were enrolled in the trial are
summarized in table 1. The average age of these patients
was 8.5 years. Six patients were clinical stage IIIB, 20
were stage IV, and nine were recurrent after surgical
treatment. The study included 25 patients with adeno-
carcinoma, eight patients with squamous cell carcinoma,
one patient with large cell carcinoma, and one patient
with atypical carcinoid. All patients had received systemic
first-line chemotherapy including platinum-based chemo-
therapy or EGFR tyrosine kinase inhibitor (TKI). Seven
cases were positive for EGFR mutations, and five out of
seven cases had received gefitinib as a primary treatment.

Phenotype of APCs containing DCs

The phenotype of APCs containing DCs prepared for
each administration was analyzed by flow cytometry
and is summarized in online supplementary table 1. In
all preparations, cultured cells exhibited an immature
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Table 1 Patient characteristics of all enrolled cases
Number of
cases (%)

Age Mean 59.5

Range 38-75

Gender Male 24 (68.8)

Female 11 (31.3)
Histology Adenocarcinoma 25 (71.4)

Squamous cell 8 (22.9)

carcinoma

Large cell carcinoma 1(2.9)

Atypical carcinoid 1(2.9)

Performance status 0 3(8.6)

1 32 (91.4)

Clinical staging c-stage IlIB 6(17.1)

c-stage IV 20 (57.1)
Recurrence 9 (25.7)

EGFR mutation Wild 28 (80)

status Mutation 7 (20)

Prior treatment Platinum-based 30 (85.7)

chemotherapy

Gefitinib 5(14.3)
Surgery 11 (31.4)
Radiation therapy 11 (31.4)

and mature MoDCs phenotype expressing HLA-DR and
CD86. The expression levels of CD11c, CD1d, and CD40
were modest, while CD14 expression was low.

Clinical outcome

The primary endpoint was OS in the total population. All

patients were followed up for 6.4 to 27.2 months to eluci-

date the prognosis and cause of death. The MST of all 35

cases was 21.9 months (95% CI, 14.8 to 26.0). The 1-year
100
80 1

60 4

40

Overall survival rate (%)

20

T T T T
0 6 12 18 24

months
Number at risk 35 35 27 19 13

Figure 2 Overall survival of patients with aGalCer-
pulsed APCs. Overall survival curve of all patients treated
with four rounds of aGalCer-pulsed APCs. aGalCer,
a-galactosylceramide; APCs, antigen-presenting cells.
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survival rate was 84.4%, and the 2-year survival rate was
40.6% (figure 2).

Antitumor response was evaluated by chest CT findings
as described in table 2. There was one case of PR, 14 of
SD, 19 of progressive disease, and one that was unevalu-
able. RR was 2.9% and DCR was 42.9%. The median PFS
was 2.8 months (95% CI, 2.6 to 3.7) and the rate of PFS at
1year was 4.3%.

Adverse events
Adverse events related to the treatment are listed in
table 3. Nine out of 35 patients had treatmentrelated
adverse events. All treatmentrelated adverse events were
evaluated as grade 1 or 2. Dysesthesia is associated with
hypocalcemia in peripheral blood leukapheresis, and the
symptoms disappeared immediately following the admin-
istration of calcium gluconate in this study. All grade 3
or 4 adverse events during the treatment are listed in
online supplementary table 2. One patient experienced
worsening of tumor pain on day 15 (grade 3) and was
admitted to the hospital for pain control. This patient
had a metastatic tumor in the retroperitoneal space and
morphine was prescribed before study enrollment due to
back pain. The rapid enlargement of the mass induced
worsening of tumor pain. Thus, no clear relationship
between the cell therapy and tumor pain was established.
No severe side effects were observed in the other patients.
Three patients experienced increased serum amylase
levels (grade 3). Among these three patients, one patient
showed grade 2 and two patients showed grade 1 serum
amylase on study enrollment. No signs of pancreatitis
or sialadenitis were detected, and no cases required
additional treatment. One patient experienced grade 3
hypertension after the second apheresis, which occurred
transiently. All adverse events that occurred during the
treatment period are summarized in onlineonline supple-
mentary table 3.

Immunological monitoring

Immune monitoring was performed for 35 patients who
received oGalCer-pulsed APC injections. PBMCs were
fractionated, and each subset of immune cells was iden-
tified using mAbs and flow cytometry analysis. Figure 3
shows the results of the linear mixed models for repeated
measurements of each immune cell number in all 35
cases. The absolute number of white blood cells and
lymphocytes significantly increased after treatment;
the geometric mean of white blood cells changed from
6.02x10°to 6.74x10° count/mL and that of lympho-
cytes changed from 1.28x10°to 1.45x10° count/mL (all
p<0.001) (figure 3A,B). Moreover, the absolute number
of Va24+VB11+ iNKT cells significantly decreased after
aGalCer-pulsed APC injection; the geometric mean of
iNKT cells changed from 1.74x10%to 8.72x10 count/mL
(p<0.001) (figure 3C). The number of natural killer (NK)
cells significantly increased; the geometric mean of NK
cells was increased from 1.25x10°to 1.71x10° count/mL
(p<0.001) (figure 3D). While CD8+ T cells and effector
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Table 2 Tumor response rates

Number Rate (%) 95% Cl lower 95% Cl upper

Complete response 0 0
Partial response 1 29
Stable disease 14 40.0
Progressive disease 19 54.3
Not evaluable 1 29

Response rate 1 2.9 0.1 14.9

Disease control rate 15 42.9 26.3 60.7

memory CD8+ T cells did not increase, effector CD8+
T cells gradually increased from 5.40x10*to 6.67x10*
count/mL during the treatment period using all available
data for each patient (p<0.01) (figure 3E-G). However,
PD-1+CD8+ T cells did not change significantly.

Because our previous clinical study showed that
increased IFN-y-producing cells were associated with
prolonged MST after aGalCer-pulsed APC injection,”
we assessed the ability of PBMCs to produce IFN-y after
restimulation with aGalCer in vitro. The cryopreserved
PBMCs were thawed and stimulated with aGalCer
for 16hours in vitro, and enzyme-linked immunospot
assay assessed the number of IFN-y-producing cells
in the culture. As a result of the linear mixed model,
IFN-y-producing cells rapidly increased before the fourth
aGalCer-pulsed APC administration and were back to
the equivalent value of the pretreatment state 3weeks
after two cycles of the treatment (figure 4A). In 24
patients, the number of cells producing IFN-y increased
more than 1.9-fold after the administration of aGalCer-
pulsed APCs (good responder: solid line in figure 4B).
In the remaining eight patients, a minimal alteration
(<1.9) in the IFN-y-producing capacity was observed
(poor responder: dotted line in figure 4B). Among
35 cases, good responders exhibited a trend of longer
survival (MST, 24.4 months; 95% CI, 15.8-not estimable)
compared with poor responders (MST, 14.9 months;
95% CI, 9.6 to 22.9; p=0.0656) (figure 4B). The 2-year
survival rate of the good responder group was 50.0% and
that of the poor responder group was 12.5%. iNKT cell
number before treatment did mot correlate with good immune
responses or good prognosis (data not shown,).

Table 3 Treatment-related adverse events

First course Second course
Event Total number (%) Total number (%)
G1-G2 G3-G5 G1-G2 G3-G5
Fatigue 1(2.9) 0 2 (5.7) 0
Pain 0 (0.0 0 1(2.9) 0
Fever 1(2.9) 0 2 (5.7) 0
Dysesthesia 4 (11.4) 0 5(15.6) 0

DISCUSSION

This study aimed to explore OS after aGalCer-pulsed
APC administration to patients with advanced or recur-
rent NSCLC who had completed first-line chemotherapy.
We hypothesized that the expected survival time would be
17 months according to our previously reported data,*
and the threshold survival time would be 8months by
referencing a previous clinical trial. The median OS of all
enrolled patients was 21.9 months, which was better than
the expected survival time. Furthermore, the lower limit
of the 95% CI of the MST (14.8 months) was longer than
8 months, which was set as the threshold MST, indicating
that the MST would be extended by aGalCer-pulsed
APC therapy. Although the RR of 2.9% and the median
PES of 2.8 months was not impressive, the median OS
of the study was promising in this cohort of pretreated
patients. In recent clinical studies, two antiangiogenetic
drugs (nintedanib and ramucirumab) in combination
with docetaxel and three immune checkpoint inhibi-
tors (nivolumab, pembrolizumab, and atezolizumab)
showed a significant OS benefit over docetaxel, gaining
approval as a second-line treatment.”*”* The MST of
each cohort undergoing second-line therapy was 9.2-12.6
months for antiangiogenetic combination therapy and
immunotherapy, while that for docetaxel was 6.0-9.7
months.”® * *7* Because our study was a phase II trial
and patient characteristics differed from other studies,
these benefits should not be directly compared with those
of any report. However, our results are encouraging and
warrant further evaluation of the survival benefit of this
immunotherapy, as the administration of aGalCer-pulsed
APCs has the potential to constitute a new class of useful
second-line treatment for advanced NSCLC.

Regarding safety, no serious treatment-related adverse
events were experienced. Tumor pain occurred in one
patient who had a progressive metastatic lesion just adja-
cent to the iliopsoas muscle. While hospitalization was
needed to control the pain with morphine and palli-
ative radiotherapy, the patient recovered to their pre-
enrolled status within 2weeks. This event was concluded
to be unrelated to the current cell therapy since the
pain was due to the rapid progression of the metastatic
tumor. Thus, taken together with the results of a previous
report,”* we concluded that the current procedure for the
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address all available post-baseline data. *p<0.05, **p<0.01, **p<0.001. NK, natural Killer.
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administration of oiGalCer-pulsed APCs is acceptable with
regard to toxicity and safety.

We detected that the number of cells producing
IFN-y increased by more than 1.9fold in 24 out of 32
patients who received aGalCer-pulsed APCs. These good
responders showed a tendency to have a longer MST and
higher 2-year survival rates than the poor responders
(figure 2B), confirming the findings of our previous
study.” It might be argued that the correlation between
the ability to induce increased IFN-y-producing cells
and patient survival might merely reflect the patients’
original immune statuses and be unrelated to the cell
therapy. However, even the MST of the poor responder
group, of around 15 months, seemed to be an acceptable
outcome compared with various types of chemotherapies
as second-line treatment for NSCLC, as described above.
Therefore, poor responders were not likely to consist
of patients with a bad immunological prognosis, which
could explain the early death rate and rapid disease
progression due to a failure to induce IFN-y-producing
cells. Consequently, we have not considered the increased
numbers of IFN-y-producing cells in PBMCs as an influ-
ence on the individual immune status alone. We expect
IFN-y-producing cells to be a promising biomarker for the
prediction of the clinical course in response to aGalCer-
pulsed APC administration.

Because it is a disadvantage that a biomarker cannot be
obtained prior to treatment, biomarkers that can be eval-
uated before treatment are desirable. Several candidates
for predictive biomarkers for anti-PD-1/PD-L1 immu-
notherapy have been reported,” such as PD-L1 tumor
expression and PD-1 lymphocyte expression,™ %% HLA
1055,38 tumor mutational burden,gg_41 an active immune
microenvironment,* and the phenotype of peripheral
blood immune cells.” In our study, the numbers of NKT,
NK, and IFN-y-producing cells before treatment were
not related to the therapeutic effect and survival (data
not shown). Further analysis will be necessary to analyze
the association between these factors and the clinical
response to this treatment.

Various changes in the immune cells in the periph-
eral blood were recognized. First, transient increases
in IFN-y-producing cells during the protocol treatment
were revealed. Previously, we showed that the IFN-y-pro-
ducing cells induced after in vitro oGalCer restimula-
tion were NK and iNKT cells but not T cells in this assay
system.” ** Therefore, increases in IFN-y-producing cells
might be associated with the increase in iNKT or NK cells.
According to our result, NK cells increased and iNKT cells
decreased in peripheral blood after the administration of
aGalCer-pulsed APCs. This result was compatible with
our previously reported data that oGalCer-pulsed APC
administration induced the dramatic infiltration and acti-
vation of iNKT cells in tumor lesions, although iNKT cells
were not increased in peripheral blood.* Furthermore,
even in early-stage lung cancer, it was reported that the
ratio of NK cells in tumor-infiltrating lymphocytes was
low and the cytotoxic activity of NK cells that had infil-
trated the cancer was also reduced.’® NK cells activated
by aGalCer-pulsed APC administration might be inca-
pable of moving effectively to tumors from the periph-
eral blood. Second, although the number of CD8+ T cells
did not change during the protocol treatment, effector
CD8+ T cells increased on day 77. It might be possible
that the IFN-y-producing cells activated CD8+ T cells
and that the effect of this activation lasted a long time;
however, it could not be verified because the number of
cells changed slightly. Further experiments are needed to
confirm this effect on the activation of cytotoxic T cells.

The relevant limitations of this monocentric prospec-
tive study are the single-arm design and the relatively small
number of patients. Moreover, there was no provision for
post-treatment, which may have affected survival after
each therapy. Five of seven patients with EGFR mutations
were subjected to EGFR-TKI therapy with a relatively high
therapeutic effectin pretreatment. The other two patients
were treated with EGFR-TKIs after oGalCer-pulsed APC
treatment, which may have affected their prognosis (667
days and 810 days), although the sample size was not
large enough to improve the MST of this cohort. Further
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investigations are required to provide robust evidence on
the potential impact of these problems.

CONCLUSIONS

aGalCer-pulsed APC immunotherapy, which induces
the activation of endogenous iNKT cells and iNKT cell-
dependent responses, is accompanied by prolonged OS.
The increase in IFN-y-producing cells in PBMCs is asso-
ciated with prolonged MST, and thus these results are
encouraging and warrant further evaluation in a random-
ized phase III trial to demonstrate the survival benefit of
this immunotherapy.
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