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Development of Chimeric Antigen Receptor T-Cell Therapy
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Review Article

Development of Chimeric Antigen Receptor T-Cell Therapy

Ayana Ishii!, Ryo Nasu2, Shinichiro Motohashi!

-Abstract -

Although immunotherapy has been proposed as a promising treatment for malignant tu-
mors for a long time, its effectiveness is limited. Under such circumstances, the emergence
of adoptive cell therapy made remarkable progress in this field. Especially, chimeric antigen
receptor (CAR) T cells have exhibited dramatic anti-tumor activity and long-term remission
in the treatment of hematological malignancies such as CD19-positive leukemia and lym-
phoma. Since then, three products of tisagenlecleucel, axicabtagene ciloleucel, and lisocab-
tagene maraleucel have been approved in Japan. This article outlines the history of cancer
immunotherapy, most notably the evolution of CAR-T cell therapy. In addition, we describe
the overview of three anti-CD19 CAR-T cell products, which were approved for patients
with B-cell leukemia and lymphoma.

(Chiba Survey Res J 2021;10(1):4-11)
Keywords: Adoptive Cell Therapy; ACT, Chimeric Antigen Receptor; CAR, Cancer immuno-
therapy

1 Department of Medical Immunology, Graduate School of Medicine, Chiba University
2 Department of Immunology, Graduate School of Medicine, Chiba University
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A Key to Extend Healthy Life Expectancy
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Review Article

Taking Appropriate Preventive Measures for Heart Failure:
A Key to Extend Healthy Life Expectancy

Yuko Sunamit

-Abstract -

The number of deaths that occur due to heart diseases is on the rise, and heart disease is the
second leading cause of death in Japan. Heart failure is the most common cause of death re-
sulting from a heart disease. Although heart diseases account for only 4.5% of causes of long-
term care, the number of people requiring long-term care due to heart diseases will increase
because the number of patients with heart failure is increasing with age. The most common
diseases that occur in patients with heart failure during hospitalization are ischemic heart dis-
ease, hypertension, and cardiac valvular disease. Prevention and early detection/treatment of
heart failure and its causative diseases can be an effective measure for prevention of death
from heart diseases and extension of healthy life expectancy.

(Chiba Survey Res J 2021;10(1):12-20)

Keywords: Heart failure, Healthy life expectancy, preventive measures for heart failure

1 Chiba Foundation for Health Promotion & Disease Prevention
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Results of Mass Screening for Lung Cancer Using Sputum Cytology
in Chiba During the 2016 Fiscal Year

Akemi Taguchi?, Hisami Kaneoya?l, Kyoko Yasukata!, Kiminori Suzuki?,
Takehiko Fujisawa!, Mitsutoshi Shiba?, Kiyoshi Shibuya3, Takahiro Nakajima?,
Ichiro Yoshino*

-Abstract -

Objectives: To improve the early detection rate of lung cancer through mass screening using
sputum cytology, we analyzed the results of screening and cancer cases detected in Chiba dur-
ing the 2016 fiscal year.

Methods: We analyzed the sex ratio, age distribution among subjects with a smoking index of
> 600 (high-risk group), cytology diagnostic ratio, detailed examination rate using chest com-
puted tomography and/or endoscopy, histologically cancer detection rate, lung cancer detection
rate, stage I lung cancer detection rate, lung cancer histologic type, and ratio of patient with
cancers other than lung cancer among the results of mass screening using sputum cytology un-
dertaken in 21 Chiba prefectural municipalities (group-A) and Chiba-city individual sputum
examination centers (group-B) during the 2016 fiscal year.

Results: It was observed that 66.9% in group-A fell in the high-risk group as opposed to 81.7%
of patients in group-B (P < 0.001). Cancer detection rate was 0.17% and 0.238 %, lung cancer
detection rate was 0.145 % and 0.204%, and stage I lung cancer detection rate was 50.0% and
50.0% in group-A and group-B, respectively.

Conclusions: More patients in group-B were positive for detailed examination rate, cancer de-
tection rate, and lung cancer detection rate. A possible explanation for this difference is the
higher proportion of the high-risk group. Sputum cytology may be a beneficial technique used
in the detection of peripheral small lung adenocarcinomas. In our study, patients with stage I
adenocarcinomas, in addition to patients with negative chest computed tomography for squa-
mous-cell carcinoma were identified using sputum cytology.

(Chiba Survey Res J 2021;10(1):21-26)

Keywords: lung cancer mass screening, sputum cytology, cancer detection rate,

early lung cancer, smoking index

1 Chiba Foundation for Health Promotion & Disease Prevention

2 Department of Thoracic Surgery Kimitsu-chuo Hospital

3 Chiba University Hospital Department of Chest Surgery, JRC Narita Hospital
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a —galactosylceramide—pulsed Antigen Presenting Cells for Lung Cancer

Administration of « —galactosylceramide—pulsed Antigen Presenting Cells

in Combination with First—line Chemotherapy for Advanced Lung Cancer

Masaaki Hagiya!, Takeshi Tanaka', Keisuke Aita!, Risa Shiragami’, Fumie Thara®, Ayana Ishii®

Mariko Takami?, Toshiaki Homma', Yuichi Wada®, Shinichiro Motohashi?

Background: Antigen presenting cells (APCs), which can activate natural killer T (NKT)
cells, have been studied for their application in cancer immunotherapy. In a previous trial of
a-galactosylceramide (aGalCer [a specific ligand for NKT cells])-pulsed APCs, patients with
advanced non-small cell lung cancer (NSCLC) showed a relatively long survival time. In the
present study, we report two cases of aGalCer-pulsed APC injection for patients with chemo-
therapy-naive advanced NSCLC.

Patients and Methods: Two patients received intravenous injections of aGalCer-pulsed
APCs on twice, with a one-week interval. At one week after the second injection of APCs,
they received platinum-doublet chemotherapy.

Results: No severe adverse events related to cell injection were observed. The numbers of
circulating NKT cells decreased after cytotoxic chemotherapy in two cases. In case 1, the in-
creased numbers of NK cells, CD8* T cells, and aGalCer-specific IFN-y-producing cells were
observed after the chemotherapy, while the numbers of these cells remained the same level
as the baseline in case 2.

Conclusion: NKT cell-specific immune responses induced by aGalCer-pulsed APCs could
persist after one course of cytotoxic chemotherapy.

(Chiba Survey Res J 2021;10(1):27-33)

Keywords: non-small cell lung cancer, NKT cell, a-galactosylceramide, antigen presenting cells,

cancer immunotherapy

1. INTRODUCTION

For decades, platinum—based chemotherapy has been
the standard of care for first-line therapy of patients
with non—oncogenic—driven advanced, unresectable

non-small cell lung cancer (NSCLC) V. Immunotherapy

with immune checkpoint inhibitors has led to the signi-

! Division of Respirology, Third Department of Internal Medi-
cine, Teikyo University Chiba Medical Center, Ichihara
2 Department of Medical Immunology, Graduate School of
Medicine, Chiba University
®Department of Orthopaedic Surgery, Teikyo University Chi—
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Correspondence to : Shinichiro Motohashi
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ficant improvement of outcomes in patients with ad-
vanced NSCLC, and has been approved as a standard
treatment for advanced NSCLC ?. Recently, the addi-
tion of immune checkpoint inhibitors to platinum—based
chemotherapy has been shown to improve pro -
gression—free and overall survival in comparison to
platinum—doublet chemotherapy alone in patients with
chemotherapy—naive
NSCLC * ¥,
CDl1d-restricted invariant natural killer T (NKT)

squamous or non—squamous

cells are characterized by the expression of the invari-
ant T cell receptor, which recognizes a specific glycoli-
pid antigen, « —galactosylceramide (« GalCer), pre -
sented by the CDI1d molecule on antigen presenting

cells (APCs)?. Activated NKT cells exhibit potent an-

2]
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ti-tumor activity against various tumor models ®®.

Several clinical studies using « GalCer—pulsed APCs,
which activate endogenous NKT cells, have been car-
ried out in patients with advanced non—small cell lung
cancer (NSCLC)* ' In a recent clinical trial, the in-
travenous injection of « GalCer—pulsed APCs after
first-line chemotherapy was well-tolerated and pro -
longed overall survival 'V. Based on these results, we
herein report two cases of advanced NSCLC in which
patients underwent intravenous injection of « GalCer-
pulsed APCs combined with platinum-based chemo -

therapy for previously untreated advanced NSCLC.

2. Patients and Methods

We included patients of 20-75 years of age with his-
tologically— or cytologically—diagnosed NSCLC. The
patients had not previously received chemotherapy for
advanced NSCLC. The additional inclusion criteria
were as follows: a performance status of 0 or 1; the ex-
istence of a measurable lesion; and expected survival of
3 months or more. The exclusion criteria were as fol-
lows: the presence of active inflammatory disease or
active autoimmune disease; a history of hepatitis; preg-
nancy or lactation; concurrent corticosteroid therapy;
or evidence of another active malignant neoplasm. Af-
ter informed consent was obtained, the patient re-
ceived two intravenous injections of « GalCer—pulsed
APCs. « GalCer—pulsed APCs were prepared using a
previously described method with some modification 2.
Briefly, eligible patients underwent peripheral blood
apheresis (Spectra Optia, TerumoBCT, Lakewood,
CO). Apheresis products were shipped to the cell pro-
cessing center (Fujisoft Tissue Engineering Co., Ltd,
Tokyo, Japan) and the cell culture procedure was per-
formed according to the standard operating procedure
as follows. Peripheral blood mononuclear cells (PBMCs)
were separated by density gradient centrifugation
Axis—Shield, Oslo, Norway), and re -
suspended in AIM-V (ThermoFisher Scientific., Wal-
tham, MA) containing 800 U/mL of human GM—-CSF

(OptiPrep,
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(GeneTech Co., Ltd, China) and 100 JRU/mL of re-
combinant human IL-2 (Imunace; Shionogi, Japan). The
cultured cells were pulsed with 200 ng/mL of « GalCer
(Tokyo Chemical Industry Co., Ltd., Japan) on days 6
and 13. After 7 or 14 days of cultivation, the cells were
harvested, and resuspended in approximately 100 mL
of bicanate containing 20% autologous serum. After
the shipping criteria were met, APCs (1 X 10°
cells/m?/injection) were delivered to the Teikyo Uni-
versity Chiba Medical Hospital. The intravenous injec-
tion of o« GalCer—pulsed APCs was performed twice at
one—week intervals. One week after the second admin-
istration of APCs, the case 1 received chemotherapy
consisting of cisplatin (80 mg/m?) and pemetrexed (500
mg/m?) every 3 weeks, and the case 2 received car-
boplatin (area under the concentration—time curve, 5
mg per milliliter per minute) and docetaxel (60 mg/m?)
every 3 weeks. A schematic illustration of the treat-
ment protocol is shown in Figure 1A. Adverse events
and changes in laboratory values were graded accord-
ing to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events version 4.0
(CTCAE).

To evaluate the systemic immune responses, PBMCs
were obtained before « GalCer—pulsed APC treatment,
and an additional three times during the study period.
Flow cytometry was performed to detect NKT cells (PE
anti-V 8 11 and FITC anti—V « 24 were purchased from
Beckman Coulter, Allophycocyanin anti—-CD3 from Bio-
Legend), NK cells (Allophycocyanin anti-CD3 and PE-
Cy7 anti-CD56, BioLegend) and CD8" T cells (Al-
lophycocyanin anti—-CD3, Pacific blue anti-CD4 and
PE-Cy7 anti-CD8, BiolLegend) in blood using a
FACSCanto II (BD). A single—cell enzyme-linked im-
munospot (ELISPOT) assay was performed to detect
the « GalCer-specific IFN— vy —secreting cells, as pre-
viously described '* ¥,

The trial (UMIN000027782) was approved by the in-
stitutional review boards of Teikyo University and Chi-

ba University (December 22, 2016), and the committee
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for regenerative medicine at Correct health Information
for Cooperative and Innovative Development of society

(January 26,2017).

3. Results
Case 1 was a bb—year—old man who was diagnosed
with sensitizing epidermal growth factor receptor

(EGFR) mutation—negative, ALK translocation negative
A

a —galactosylceramide—pulsed Antigen Presenting Cells for Lung Cancer

lung adenocarcinoma with mediastinal invasion of T4
(c-T4N2MO, c—stage IIB). He had been treated for
asthma, which was controlled by an inhaled steroid. His
performance status score was 1. Case 2 was a 68—
year—old man diagnosed with lung adenocarcinoma
(sensitizing EGFR mutations [-], ALK translocations [-])
with T4 intrapulmonary metastasis (c-T4N2MO, c—
stage 11IB). He had no comorbidity related to any ac-
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Figure 1

A. Study design of o GalCer—pulsed APC treatment followed by platinum-based chemotherapy. The

timing of apheresis (V), a GalCer—pulsed APC treatment (A) and chemotherapy is shown. Apheresis

was defined as day 0.

B and C. The number of circulating NKT cells, NK cells, CD8" T cells and IFN-+y —producing cells

during the course of treatment in case 1 (B) and case 2 (C). The percentages of peripheral blood
Va24V 117 NKT cells, CD56"CD3™ NK cells and CD8'CD3" T cells were measured by flow cytome-
try. The absolute number of NKT cells, NK cells and CD8" T cells in 1 mL of peripheral blood was cal-

culated. The number of « GalCer-reactive IFN—+y —producing cells was quantified by an ELISPOT as-

say. n.d.= not done.
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tive autoimmune diseases, no active interstitial lung
diseases and no history of treatment with glucocorti-
coids. His performance status score was 1.

Adverse events, regardless of cause and attribution
to treatment, are listed in Table 1. No severe adverse
events were observed during the course of cell injec-
tion in both cases. In case 1, obstructive pneumonia
(grade 3) and mild back pain (grade 1) occurred due to
the growth of the primary tumor prior to the first
o GalCer—pulsed APC injection. In addition, left-side
chest pain (grade 1) occurred after the second admin-
istration of « GalCer—pulsed APCs. In case 2, grade 3
neutropenia and pneumonia occurred during chemo -
therapy treatment, but were fully resolved after treat-
ment with granulocyte—colony stimulating factor (G-
CSF) and antibiotics. Other adverse events are listed
in Table 1. In both cases, adverse events did not in-
duce discontinuation of chemotherapy, and no grade >4
adverse events were evident.

As shown in Figure 1B, a decreased number of cir-

culating NKT cells were detected after two rounds of

Table 1

Case 1

left lateral chest

pain grade 1
back pain grade 1
o s
Case 2

general fatigue grade 1
neutropenia grade 3
pneumonia grade 3
diarrhea grade 2
anorexia grade 2
dermatitis grade 1
eye disorder grade 1
general disorder  grade 1

30

o GalCer—pulsed APC treatment in case 1. In contrast,
the numbers of NK cells, CD8" T cells and « GalCer—
specific IFN-vy —producing cells gradually increased
after the injection of o« GalCer—pulsed APCs, even af-
ter treatment with cytotoxic chemotherapy. As shown
in Figure 1C, a slight increase in the numbers of NKT
cells, NK cells and IFN- vy —producing cells was evident
after two courses of « GalCer—-pulsed APC injection,
but returned to baseline within one month in case 2.
No obvious change was observed in the number of
CD8" T cells.

Chest CT was performed nine weeks after apheresis.
In case 1, the sum of the diameter of the intrapulmo-
nary tumor in the right lower lobe was reduced by 30%,
and was assessed as a partial response (PR). Patient
follow—up was performed on an outpatient basis and
progressive disease (PD) was evident at 15 weeks after
study enrollment, at which time second-line chemo -
therapy was administered. In case 2, the sum of the di-
ameters of the intrapulmonary tumor in the right lower
lobe was reduced by 27%, and assessed as stable dis-
ease (SD). In addition, serum CEA levels were signifi-
cantly decreased after two courses of chemotherapy.
The patient was followed on an outpatient basis and
showed no evidence of disease progression at eight

months after first-line chemotherapy.

4. Discussion

We presented two cases of chemotherapy—naive ad-
vanced NSCLC patients who received intravenous in-
jections of « GalCer—pulsed APCs. It has been hy-
pothesized that the concurrent combination of immu-
notherapy and platinum—based chemotherapy would not
be synergistic, since cytotoxic drugs are believed to
kill or suppress activated lymphocytes. However,
chemotherapy or radiotherapy can induce tumor cell
apoptosis, which may provoke or upregulate the immu-

% In cases 1 and 2, peripheral

nogenicity of tumors
blood NKT cells were decreased after the first course

of chemotherapy (day 42). We already confirmed that
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the number of NKT cells was significantly decreased
after an intravenous injection of «a GalCer—pulsed
APCs in a phase II study of a GalCer—pulsed APCs for

D Therefore, the

advanced or recurrent NSCLC
changes in NKT cell numbers are believed to be quite
reasonable. The number of NK cells or CD8" T cells
increased after chemotherapy in case 1. The enhance-
ment of these immune cells might be induced by an ad-
juvant effect of activated NKT cells. However, the
number of these cells transiently increased and re-
turned to baseline levels after chemotherapy in case 2.
In general, cytotoxic anti—cancer drugs damage the
immune effector cells and attenuate their function.
From this viewpoint, the persistence of these cells and
maintenance of their cytotoxic function, including cy-
tokine production, are important for establishing an
anti—tumor immune response. Therefore, the preserva-
tion of the NK cell, CD8" T cell or IFN-+y —producing
cell counts at baseline must have some benefit, since
case 2 demonstrated relatively long progression—free
survival after chemotherapy (>8 months). In the next
clinical trial using o« GalCer—pulsed APCs in combina-
tion with chemotherapy, a more detailed analysis of
these immunological mechanisms should be performed
to elucidate the role of activated NKT cells in the
treatment of advanced NSCLC.

The adverse events that occurred in the two cases
during the treatment protocol were similar to those
previously reported in the patients who received first—
line cytotoxic drugs. Obstructive pneumonia and tumor
pain occurred in one patient. Antibiotics and analgesics
were prescribed and tumor pain recovered to pre—
enrolment levels within four days. We concluded that
these events were unrelated to the current cell-
therapy since they occurred before the injection of
o GalCer—pulsed APCs and before progression of the
primary tumor was apparent.

In conjunction with previous reports, we hypothesize
that the NKT cell-specific inmune response could per-

sist after cytotoxic chemotherapy for previously un-

treated advanced NSCLC.
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