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The aim of this clinical trial was to investigate the feasibility of intra-
arterial infusion of in vitro-expanded Va24 natural killer T (NKT) cells
combined with submucosal injection of a-galactosylceramide (KRN-
7000; aGalCer)-pulsed antigen-presenting cells (APC). A phase I clinical
study was carried out in patients with head and neck squamous cell
carcinoma (HNSCC). Patients with locally recurrent HNSCC refractory
to standard therapy were eligible. Eight patients received super-
selective transcatheter intra-arterial infusion of activated Va24 NKT
cells into tumor-feeding arteries and nasal submucosal injections of
aGalCer-pulsed APC twice with a 1-week interval. Va24 NKT cell-specific
immune responses, safety, and antitumor effects were evaluated. The
number of Va24 NKT cells and interferon-g-producing cells in peripheral
blood mononuclear cells increased in seven out of eight patients
enrolled. Grade 3 toxicity with a pharyngocutaneous fistula related to
local tumor reduction was observed in one patient and mild adverse
events with grade 1–2 symptoms occurred in seven patients. Regarding
the clinical responses, three cases exhibited a partial but significant
response, four were classified as stable disease, and one patient con-
tinued to develop progressive disease. The use of the intra-arterial
infusion of activated Va24 NKT cells and the submucosal injection of
aGalCer-pulsed APC has been shown to induce significant antitumor
immunity and had beneficial clinical effects in the management of
advanced HNSCC. The use of such therapeutic modalities may be
helpful in the management of tumors and therefore needs to be
explored in further detail. The clinical trial registration number was
UMIN000000722. (Cancer Sci 2009; 100: 1092–1098)

The management of most patients with head and neck cancer
generally involves a combination of chemotherapy, radiation

therapy, and surgery. Concurrent chemotherapy and radiotherapy
has been suggested to have a survival benefit and allow organ
preservation postoperatively for patients at high risk for recur-
rence.(1–4) However, the increased toxicity and extensive functional
morbidity induced by such combination therapy can severely
impair the patients’ quality of life, and the prognosis for these
patients remains poor.(5) Therefore, the development of new treat-
ment strategies for head and neck cancer is of critical importance.

Invariant NKT cells are unique lymphocytes characterized by
the coexpression of an invariant TCR and a NK receptor.(6–8) Human
Vα24 NKT cells express the invariant Vα24JαQ chain paired with
the Vβ11 antigen receptor and they are activated by a specific
glycolipid antigen, αGalCer (KRN7000), presented by a monomor-
phic major histocompatibility complex-like molecule, CD1d.(9–13)

After activation, human Vα24 NKT cells exert strong antitumor
activity against various malignant tumors both in vitro and
in vivo.(14–19) Activated Vα24 NKT cells also induce cell death in

tumor cells by the expression of a wide variety of cell death-
inducing effector molecules, including perforin, Fas ligand, and
tumor necrosis factor-related apoptosis-inducing ligand, in a
manner similar to other cytotoxic cells such as NK cells and CD8
cytotoxic T cells.(20,21) Activated Vα24 NKT cells produce high
levels of cytokines, such as IFN-γ and IL-4, thereby activating
other antitumor effector cells.(22–24) Therefore, the use of Vα24
NKT cells in cancer immunotherapy has attracted attention as a
potential therapeutic agent.(25–28)

Antigen-presenting cells such as DC play a crucial role in the
induction of primary T cell-dependent immune responses, and
APC-based cancer immunotherapy induces significant immuno-
logical responses and some clinical improvement in patients with
different malignant diseases.(29–33) Head and neck cancers arise
from the mucosal surface of the upper respiratory or digestive tracts
and the lymph nodes of the neck, which are normally defined as
regional. In a previous study, isotope-labeled tumor-specific
peptide-pulsed APC were administered into the nasal submucosa
of patients with head and neck cancer.(34) These cells quickly
migrated to the regional neck lymph nodes. Tumor antigen-specific
IFN-γ-secreting cells and cytotoxic T cells were detected in the
ipsilateral neck lymph nodes, but not in the contralateral lymph
nodes. A phase I study of αGalCer-pulsed APC administration
to the nasal submucosa in unresectable or recurrent head and
neck cancer was carried out with two administrations of 1 × 108

αGalCer-pulsed APC at a 1-week interval, and significant NK
responses and negligible adverse events were observed.(35) The
blood supply of most head and neck cancers is provided by a
terminal artery, such as a branch of the external carotid artery.
Therefore, selective intra-arterial infusions of anticancer drugs
are used widely as a standard treatment.(36) It would be interesting
to elucidate whether the intra-arterial administration of activated
effector cells to the cancer-feeding vessels can provide efficient
targeting of these cells to the cancer tissue and give more effective
antitumor responses.

A phase I study was designed with the intra-arterial adminis-
tration of in vitro-expanded Vα24 NKT cells to patients with
recurrent refractory HNSCC, in combination with nasal submu-
cosal injection of αGalCer-pulsed APC. The development of

6To whom correspondence should be addressed. E-mail: yokamoto@faculty.chiba-u.jp
Abbreviations:  APC, antigen-presenting cells; CT, computed tomography; DC, den-
dritic cells; ELISPOT, enzyme-linked immunospot; αGalCer, α-galactosylceramide;
HLA-DR, human leukocyte antigens-DR; HNSCC, head and neck squamous cell carcinoma;
IFN, interferon; IL, interleukin; mAb, monoclonal antibody; NK, natural killer; NKT
cells, natural killer T cells; PBMC, peripheral blood mononuclear cells; PD, progressive
disease; PE, phycoerythrin; PR, partial response; SD, stable disease; SFC, spot-forming
cells; TCR, T-cell receptor.

mailto:yokamoto@faculty.chiba-u.jp


Kunii et al. Cancer Sci | June 2009 | vol. 100 | no. 6 | 1093
© 2009 Japanese Cancer Association

NKT and NK cell-specific systemic immune responses was exam-
ined, and the tolerability and outcome of any beneficial clinical
responses were examined.

Materials and Methods

Cell preparation. APC containing DC and activated Vα24 NKT
cells from peripheral blood were prepared as described pre-
viously.(25,26,35,37) Briefly, collected PBMC were cultured with
granulocyte-macrophage colony-stimulating factor (800 U/mL;
Primmune, Kobe, Japan) and IL-2 (100 JRU/mL; Imunace, Shionogi,
Osaka, Japan) to generate APC, or with IL-2 (100 U/mL) and
αGalCer (100 ng/mL KRN7000; Kyowa Hakko Kirin, Gunma,
Japan) to produce in vitro-activated Vα24 NKT cells. The cultured
APC were pulsed with 100 ng/mL αGalCer on the day before use.

Patient selection. Patients with locally recurrent HNSCC refrac-
tory to standard therapy were eligible for the study. The subjects
ranged in age from 20 to 80 years. The subjects had an Eastern
Cooperative Oncology Group performance status score of 0–2,
had received no therapy for at least 4 weeks, and were expected to
survive for at least 6 months or more. The routine laboratory profile
of these subjects included: white blood cell (WBC) count ≥ 3000/μL;
platelet count ≥ 75 000/μL; serum creatinine ≤ 1.5 mg/dL; total
bilirubin ≤ 1.5 mg/dL; and aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) ≤ 2.5 × upper limit of normal.
The Vα24 NKT cells were detected by flow cytometry at a
level of at least 10 cells in 1 mL of peripheral blood and
expanded more than 100 times in vitro.

The subjects who were excluded from participation in this
study included: patients with microbiological or immunological
evidence of infection with human immunodeficiency virus, hepa-
titis B or C virus, or human T-lymphotropic virus; evidence of any
active autoimmune disease; a history of hepatitis, pregnancy, or
lactation; concurrent corticosteroid therapy; or the presence of
any other malignant neoplasm.

Study design. The study was conducted at the Department of
Otorhinolaryngology/Head and Neck Surgery, Chiba University
Hospital, Chiba, Japan, according to the standards of Good Clinical
Practice for Trials on Medicinal Products in Japan. The protocol
was approved by the Institutional Ethics Committee (no. 421)
and conformed to the provisions of the Declaration of Helsinki
in 1995. In addition, the trial underwent ad hoc reviews by the
Chiba University Quality Assurance Committee on Cell Therapy.
The study design was a phase I, single-arm open-label trial to
investigate the immunological response and test the tolerability
of intra-arterial infusion of in vitro-expanded Vα24 NKT cells
and submucosal injection of αGalCer-pulsed APC in patients
with locally recurrent HNSCC. Written informed consent was
obtained from all patients before they underwent a screening
evaluation to determine eligibility.

After screening and registration, the patients underwent
leukapheresis for the collection of PBMC on day 0. Thereafter,

on days 7 and 13 all patients received an injection of 1 × 108

αGalCer-pulsed APC into the nasal submucosa, and then received
super-selective trans-catheter arterial infusion of Vα24 NKT cells
(5 × 107) into a tumor-feeding artery on day 14 (Fig. 1). The
activated Vα24 NKT cells could be infused to more than a single
artery as multiple tumor feeding vessels were identified. The
amounts of infused cells were determined according to the blood
flow of each feeding vessel. Clinical and laboratory tests were
conducted weekly for 5 weeks. These tests included a complete
physical examination and determination of standard laboratory
values. PBMC collected at each time point were used for flow
cytometric analysis and frozen for a subsequent ELISPOT assay.
All patients underwent assessment of their tumor status by CT at
baseline and 5 weeks after entry into the study. The responses
were assessed using the Response Evaluation Criteria in Solid
Tumors guidelines. Adverse events were graded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0.

All eight patients with HNSCC completed the study protocol
and were included in the analysis. The patient characteristics are
summarized in Table 1. All patients had previously received radi-
ation therapy and five had undergone surgical resection. Six
patients had local recurrent lesions that were not indicated for
surgical resection because of direct invasion of the carotid artery
(patients 1, 2, 3, 5, and 8) or vertebral bone (patient 4), and two
patients (patients 2 and 6) had lung metastasis.

Flow cytometric analysis. The phenotypes of peripheral blood
lymphocytes, in vitro-activated Vα24 NKT cells, and αGalCer-
pulsed APC were determined as described previously.(25,26,35) The
following mAb were used: fluorescein isothiocyanate-labeled anti-
TCR Vα24 mAb (Immunotech, Marseilles, France), anti-HLA-DR
(BD Biosciences, Franklin Lakes, NJ, USA), PE-labeled anti-TCR
Vβ11 mAb (Immunotech), anti-CD56 mAb (BD Biosciences), anti-
CD86 (BD Biosciences), and allophycocyanin-labeled anti-CD3
mAb (BD Biosciences), and anti-CD11c (BD Biosciences). Isotype-
matched control mAb were used as negative controls in all flow
cytometry analyses. At least 100 Vα24+Vβ11+ NKT cell events
were acquired.

Single-cell ELISPOT assay for detecting IFN-k-producing cells in
PBMC. Frozen PBMC collected at each time point were thawed

Table 1. Patients and tumor characteristics

Case Age (years) Sex PS Diagnosis Disease site Prior treatment

1 61 F 0 Recurrent hypopharyngeal cancer Pharynx ST, RT, CT
2 67 M 1 Recurrent laryngeal cancer Cervical esophagus ST, RT, CT

Lung metastasis Lung
3 40 M 1 External auditory canal cancer with invasion to skull bone Temporal bone RT, CT
4 74 M 1 Recurrent laryngeal cancer Larynx RT, CT
5 38 F 1 Recurrent tongue cancer Tongue ST, RT, CT
6 58 M 1 Recurrent laryngeal cancer Skin flap ST, RT, CT

Lung metastasis Lung
7 65 F 1 Recurrent gingival cancer Maxillae ST, RT
8 77 M 1 Recurrent cervical esophageal cancer Cervical esophagus RT, CT

CT, chemotherapy; PS, performance status; RT, radiation therapy; ST, surgical treatment.

Fig. 1. Study timeline of combination therapy of in vitro-expanded Vα24
natural killer T (NKT) cells and α-galactosylceramide (αGalCer)-pulsed
antigen-presenting cells (APC). The patients underwent leukapheresis on
day 0, and received αGalCer-pulsed APC on days 7 and 13 in the nasal
submucosa and activated Vα24 NKT cells on day 14 via tumor-feeding
arteries. The timing of leukapheresis and cell administration is shown.
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and cultured for 6 h. The cultured cells (5 × 105 per well) were
washed and transferred to 96-well filtration plates (Millipore,
Danvers, MA, USA) coated with anti-IFN-γ capture antibody
(Mabtech AB, Stockholm, Sweden) for 16 h. Stimulation was
carried out with the addition of 100 ng/mL αGalCer or vehicle as
described previously.(26,35) Concanavalin A was used as a positive
control. Biotinylated antihuman IFN-γ antibody (Mabtech AB)
was added. Two hours later, spots were detected with an avidin–
biotin–peroxidase complex (Mabtech AB) and aminoethylcarbazole
solution. In this system, the majority of IFN-γ-producing cells
are NK and NKT cells but not T cells, as described previously.(26)

SFC were quantified objectively using an ImmunoScan computer
system and ImmunoSpot software (CTL, Cleveland, OH, USA).
To calculate the IFN-γ-producing SFC from NK and NKT cells,
we subtracted the number of SFC generated by vehicle stimulation
from those of SFC by αGalCer stimulation.

Results

Characteristics of aGalCer-pulsed APC. The surface phenotypes of
αGalCer-pulsed APC were analyzed by flow cytometry. From
the percentages of HLA-DR/CD11c/CD86 triple-positive cells,
the actual number of HLA-DR+CD11c+CD86+ DC was calculated
(Table 2, left and middle). The ranges of the DC population were
from 25 to 53% (mean ± SD = 37.5% ± 7.81%), and day 7 APC
appear to contain relatively increased numbers of HLA-
DR+CD11c+CD86+ DC compared with day 13 APC (day 7; 40.4%
± 8.41%, and day 13; 34.6% ± 5.89%). In addition, the ranges of
CD83-expressing cells and CD1d-expressing cells were 23 to 57%
and 8.1 to 20% (data not shown). The APC contained some CD40+

cells (2–10%), but no detectable CD14+ cells (data not shown).
Characteristics of in vitro-activated Va24 NKT cells. The pre-

pared activated Vα24 NKT cell population was analyzed by flow
cytometry. NK cells were defined as CD3–CD56+ cells, and T cells,
containing Vα24 NKT cells, were defined as CD3+ cells. Vα24
NKT cells were defined by the coexpression of CD3, Vα24, and
Vβ11 because this combination has been demonstrated to be
specific for αGalCer-reactive invariant Vα24 NKT cells.(26,38)

Freshly isolated PBMC contained very small percentages of
CD3+Vα24+Vβ11+ NKT cells relative to lymphocytes (e.g. 0.085%
in case 1). After a 2-week cultivation in the presence of αGalCer
and IL-2, this population expanded to approximately 10% (11.2%
± 12.4%) of the cultured cells. The total numbers of administered
cells and the actual numbers of CD3+Vα24+Vβ11+ NKT cells from
all patients are summarized in Table 2. Each patient received an
injection of 5 × 107 CD3+Vα24+Vβ11+ NKT cells.

Immunological monitoring. Immunological assays were con-
ducted using samples from eight patients. The absolute numbers
of peripheral blood Vα24 NKT cells were calculated using a flow
cytometric analysis and automated full blood counts. Because
the blood sample was collected before the injection of αGalCer-

pulsed APC on day 7, the values on day 7 should be the baseline
level in each patient. As shown in Figures 2(a) and 3 patients
showed moderate increases (≥2 × 2) in the number of circulating
Vα24 NKT cells (case 1, ×2.4 on day 14; case 3, ×3.0 on day 21;
case 5, ×2.3 on day 21), and four patients showed greater increases
(≥ ×4) (case 2, ×4.4 on day 28; case 4, ×5.2 on day 21; case 6,
×9.5 on day 28; case 8, ×4.5 on day 21). In these four patients,
the increase was observed 1 or 2 weeks after the activated Vα24
NKT cell injection. Case 7 did not show an obvious increase in
the number of Vα24 NKT cells.

The ability of PBMC samples to produce IFN-γ was assessed
using an ELISPOT assay (Fig. 2b). Four patients showed moderate
increases (≥ ×4) in IFN-γ SFC (case 5, ×5.0 on day 35; case 6,
×9.8 on day 35; case 7, ×4.1 on day 21; case 8, ×9.7 on day 21)
and three patients showed greater (≥ ×50) elevations in SFC (case
2, ×180 on day 21; case 3, ×72 on day 35; case 4, ×69 on day 21).
One patient (case 1) showed no increase in the number of IFN-
γ-producing cells. Collectively, seven of eight patients (87.5%)
appeared to have systemic NKT or NK cell-specific immuno-
logical responses initiated by the treatment.

Adverse events. The adverse events during the study are docu-
mented in Table 3. One subject developed a grade 3 fistula (pharynx-
skin), initially detected on day 28, 2 weeks after intra-arterial
infusion of Vα24 NKT cells. In this patient, tumor growth gra-
dually decreased after the administration of Vα24 NKT cells, and
the lesion with central low density was induced from the center of
the tumor. Finally, rapid collapse of the tumor resulted in a fistula.

No major toxicity (grade > 2) or severe side effects were observed
in the other patients. Four other patients experienced low-grade
fever for less than 24 h after the administration of cells, one subject
complained of a headache, and two other subjects of fatigue.
However, no additional treatment was required and the symptoms
resolved spontaneously. Three patients had an aggravation of
cancer pain, which required an increased dose of morphine. One
patient had back pain after angiography because she was lying in
the same position for 3 h, but the pain disappeared by the next day.

Clinical response. A CT scan for evaluating tumor size was
carried out a few days before enrollment. The longest diameter
of the measurable lesion was measured as the baseline value. The
objective response on day 35 was assessed on the same slice by
a review panel including some experienced radiologists using the
Response Evaluation Criteria in Solid Tumors guidelines (Table 3).
Three patients (1, 2, and 5) showed a PR, four had SD, and one
patient had a PD. The PR cases are shown in Figure 3(a,b). In
case 1, who had a recurrent hypopharyngeal cancer, the longest
tumor diameter of 56.1 mm at baseline decreased to 27.2 mm
(48% of the original diameter), so that fistula was generated.
Case 2 had a recurrent laryngeal cancer of the cervical esophagus,
surrounding a tracheostoma, thus making it difficult to change
the tracheal cannula. The longest tumor diameter was 66.6 mm
before the treatment, and this was reduced to 43.6 mm (65% of

Table 2. Characteristics of administered cells

Case
αGalCer-pulsed APC (day 7) αGalCer-pulsed APC (day 13) Activated Vα24 NKT cells (day14)

Total †DC Total †DC Total †NKT cells †NK cells CD3+ cells

1 1.0 × 108 3.6 × 107 1.0 × 108 3.0 × 107 5.0 × 108 5.0 × 107 1.4 × 108 3.5 × 108

2 1.0 × 108 5.3 × 107 1.0 × 108 4.1 × 107 8.5 × 109 5.0 × 107 2.8 × 109 5.5 × 109

3 1.0 × 108 3.2 × 107 1.0 × 108 3.2 × 107 4.2 × 108 5.0 × 107 1.5 × 107 4.0 × 108

4 1.0 × 108 3.8 × 107 1.0 × 108 3.4 × 107 7.0 × 108 5.0 × 107 3.7 × 107 6.2 × 108

5 1.0 × 108 4.0 × 107 1.0 × 108 3.3 × 107 1.1 × 108 5.0 × 107 1.2 × 107 9.5 × 107

6 1.0 × 108 2.7 × 107 1.0 × 108 2.5 × 107 7.4 × 108 5.0 × 107 1.3 × 108 5.6 × 108

7 1.0 × 108 4.9 × 107 1.0 × 108 3.7 × 107 6.2 × 108 5.0 × 107 1.4 × 108 4.3 × 108

8 1.0 × 108 4.8 × 107 1.0 × 108 4.5 × 107 5.0 × 109 5.0 × 107 2.8 × 109 1.7 × 109

†HLA-DR+CD11c+CD86+ cells, CD3+Vα24+Vβ11+ cells and CD3–CD56+ cells were defined as dendritic cells (DC), natural killer T cells (NKT cells), and 
natural killer (NK) cells. APC, antigen-presenting cells.
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the baseline value) after the infusion of activated Vα24 NKT cells;
this reduction in tumor size made it much easier to change the
tracheal cannula. In case 5, the enhanced area in CT decreased,
and a lesion with low density was apparent in the center of the
tumor on day 21. On day 35, the tumor diameters were reduced
from 58.3 to 37.7 mm (65%). In addition to the three cases with
PR who exhibited clear lesions with central low density, a small
low-density lesion was found in case 3 who showed SD. No obvious
necrotic change was observed in any other cases including three
SD and one PD.

To confirm that the clinical response was not simply a result
of the embolization of the tumor-feeding artery, a perfusion CT

scan was taken just before and after the intra-arterial infusion of
the activated Vα24 NKT cells. Perfusion CT is a relatively new
technique that allows rapid qualitative and quantitative evaluation
of blood flow. The tumor site was equally enhanced before and
after the infusion, and the embolization of tumor-feeding arteries
was not observed. Regardless of the levels of clinical responses
(i.e. PR, SD and PD) there was no difference in the picture before
and after the infusion. Typical images are shown in Figure 3(c).

Two patients (2 and 6) had metastatic lesions at entry, which
were investigated for clinical responses in addition to the local
responses. The lesions had not enlarged after treatment in either
of the cases and were judged to be SD responses.

Fig. 2. Immunological assays of peripheral blood samples from eight patients. (a) The kinetics of circulating Vα24 natural killer T (NKT) cells during
the course of treatment. The thin black horizontal line represents the level of Vα24 NKT cell numbers on day 7 (before the first antigen-presenting cell
[APC] injection). (b) The number of interferon (IFN)-γ spot-forming cells (SFC) induced by in vitro stimulation with α-galactosylceramide (αGalCer) during
the course of treatment. Frozen peripheral blood mononuclear cells (PBMC) were thawed and stimulated for 16 h with αGalCer or vehicle. The mean
numbers of IFN-γ spots were determined from triplicate cultures. Subtracted values of SFC (those induced by αGalCer-stimulation minus those by vehicle
stimulation) are shown.
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Discussion

In our previous study, we injected αGalCer-pulsed APC (1 × 108)
into the nasal submucosa twice with a 1-week interval. The treat-
ment was well tolerated, and both the increased immune responses
and some clinical responses were observed.(35) In addition, we
injected activated Vα24 NKT cells intravenously to lung cancer
patients. The treatment was well-tolerated and the increased Vα24
NKT cell immune responses were observed.(26) Based on these
findings, we designed this study with the intra-arterial infusion
of activated Vα24 NKT cells (5 × 107) combined with the sub-
mucosal injection of αGalCer-pulsed APC (1 × 108).

Invariant NKT cells are commonly activated by αGalCer in
mammals and this treatment could be applied to any patients as
an innate immunity. The culture protocol does not need compli-

cated procedures and enough cells can be prepared easily in the
short term. Selective intra-arterial infusion of anticancer drugs has
been used widely as a popular treatment in head and neck cancer
and the method of selective intra-arterial infusion has already
been established. The mean percentage of CD3+Vα24+Vβ11+NKT
cells in intra-arterially administered cells was approximately 15%,
and each patient identically received 50 million of activated NKT
cells. In the culture medium, Vα24 NKT cells in PBMC were
activated by αGalCer and the activated Vα24 NKT cells produced
a large amount of IFN-γ, which would stimulate the other effector
cells (e.g. cytotoxic T lymphocytes (CTL) or NK cells). These non-
NKT cells might act as antitumor factors and therefore these effects
could be contained in the NKT cell-mediated antitumor effects.

Combination therapy with intra-arterial infusion of activated
Vα24 NKT cells and submucosal injection of αGalCer-pulsed

Fig. 3. Computed tomography (CT) images. (a) The
real CT images of three partial response cases are
shown. (b) The cancer region is surrounded by a
thin line and the longest diameter is indicated by
a bold line. (c) Perfusion CT images before and
after the intra-arterial infusion of the activated
Vα24 natural killer T cells are shown (case 4).

Table 3. Observed adverse events and clinical responses

Case
Adverse event

Clinical course Tumor size (%)
Grade 1 Grade 2 Grade 3

1 Lymphopenia Fistula (Pharynx) PR 48
2 Lymphopenia Fever PR 65
3 Pain (external ear) SD 104
4 Fever SD 109

Headache
5 Fever Dehydration, pain (oral cavity) PR 65
6 Fatigue PD 125

Dizziness
7 Pain (oral cavity) Pain (back) SD 104
8 Fever Fatigue SD 110

PD, progressive disease; PR, partial response; SD, stable disease.
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APC was found to be well tolerated, although a pharyngocutane-
ous fistula was observed in one patient. Several adverse events
that were observed in this study (Table 3) were also reported in
previous studies using αGalCer-pulsed APC or in vitro-activated
Vα24 NKT cells.(25–28,35) These adverse events were transient and
easily managed by standard supportive treatment. Exacerbation
of liver function, which has been observed in a murine model of
Vα14 NKT cell activation,(39,40) was not observed in this study.

Regarding the systemic immunological responses, remarkably
increased Vα24 NKT cell numbers and increased NKT and NK
cell activities in peripheral blood occurred in four and five patients,
respectively. Seven out of eight patients showed moderate responses
in both Vα24 NKT cell numbers and NKT and NK cell activities
(Fig. 2). Although the increased numbers of Vα24 NKT cells were
not significantly different from those observed in a previous
study with only administration of αGalCer-pulsed APC,(35) IFN-
γ-producing cells in this combination therapy increased much
higher than previous monotherapy. These antitumor immunolog-
ical responses did not always correlate with the clinical responses.
Case 1 had received bilateral neck lymphatic dissection in the
previous treatment, which might have prevented migration of the
nasal submucosally injected APC and induction of immunolog-
ical responses in the peripheral blood. Therefore, the application
site might need to be reconsidered in patients who had received
neck dissection extensively. However, case 1 showed PR in tumor
size, which suggested the antitumor effects of the intra-arterially
infused Vα24 NKT cells. The decreased numbers of Vα24 NKT
cells in peripheral blood, which were observed in all cases on the
day after intra-arterial infusion of activated Vα24 NKT cells, sug-
gests accumulation in the target cancer tissue, although some might
be captured in lung or liver. To clarify these important issues, the

pathological study of cancer tissue is indispensable. As the safety
and some antitumor activity were shown in the present study, we
will apply this combination therapy to patients with resectable
recurrent head and neck cancer before radical operation in the
next phase II study.

A clinical outcome of PR was achieved in three patients;
however, tumor regrowth was observed by CT scan or physical
examination 4–5 weeks after the clinical trial. These cases had
an extensive unresectable recurrent tumor suspected of direct
invasion of the carotid artery. Immunotherapy was applied only
once in all cases. Repeated administration of Vα24 NKT cells
or αGalCer-pulsed APC will be planned in the next study. The
SD responses for metastatic lesions observed in two cases may
be related to increased systemic antitumor activities.

Although the number of patients was limited, the results of the
present study of intra-arterial administration of activated Vα24
NKT cells combined with submucosal injection of αGalCer-pulsed
APC to patients with HNSCC have demonstrated the induction
of NKT and NK cell-specific antitumor activity and some bene-
ficial clinical effects.
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