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Fig. 5. (a) Activation of caspase-3, -8 and -9 assessed using the Caspase
Colorimetric Protease Assay Kit. Data are given relative to results for
untreated HepG2 cells. The activity of caspase-3 after 12h CH-11
(500 ng/ml) treatment was significantly increased by IFNa (500 Ufml)
and 5-FLU (0.5 pg/ml) alone, but the maximal effect of the CH-11 antibody
was observed with the combination of IFNa and 5-FU. (b) Apoptosis
blocking effect of specific caspase inhibitors (40 pM) was examined by
48h MTT assay. Z-DEVD-FMK and Z-IETD-FMK almost totally

ked CH-11 induced apoptosis enh d by IFN2/5-FU. (c) Colori-
metric caspase assay using specific caspase inhibitors (40 pM) was
performed. Z-DEVD-FMK inhibited caspase-3 activation induced by
CH-11 and IFNa/5-FU., Experiments were performed three times
ind dently. Results rep mean values of three experiments £ SD.
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and saw an increase in released *'Cr and maximum
interaction between effecter cells and target cells. This
enhancement was markedly blocked by ZB4 (Fig. Te).

3.9. Influences of IFN2/5-FU to the normal hepatocyte

MTT assay and TUNEL assay were performed using
non-tumorigenic SV40-immortalized human liver epithe-
lial cell line (THLE-2). CH-11 inhibited the cell growth
of THLE-2 in the dose-dependent manner (Fig. 8a).
But IFN«/5-FU did not affect this growth inhibiting
effect (Fig. 8b); and TUNEL assay showed IFNa/5-FU
did not increase the CH-11 related apoptosis at all
(Fig. 8c). These results suggested that THLE-2 has the

FLIPlang ] . i S

FLIP e | s

actin P — — —

FLIPlag 043 029 037 0217
FLIP shori 054 048 086 076

——
——

= + = +*

= + +

peOd

Fig. 6. (a) Expression of FLIP mRNA by RT-PCR. Combination of
IFNz (300 Uiml) snd 5-FU (0.5 pg/ml) significantly decreased (he
expression of FLIP mRNA. (b) Western blot analysis of FLIP.
Expression of FLIP was decreased by IFNax (500 Ujml) and 5-FU
(0.5 pg/ml) in the protein level. (c) Expression of apoptotic factors at
mRNA level. Results represent mean valoes of three experiments £ SD.

sensitivity to Fas/FasL-mediated apoptosis, IFNa/5-
FU did not enhance that effect. Concerning these results,
TUNEL staining of resected liver specimens was per-
formed. The patients of these specimens received IFNx
and 5-FU therapy before the surgery. In the normal tis-
sue, TUNEL-positive cells were very few (Fig. 8, i and
iii); there were many TUNEL-positive cells in the tumor
site (Fig. 8, i1 and iv), as shown in Fig. 8.

4. Discussion
Fas (CD95/Apo-1) belongs to the tumor necrosis fac-

tor receptor family of proteins that are expressed at the
cell surface in various normal and neoplastic cells [24-
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Fig. 7. Cytotoxicity of PBMCs assessed by the 8-h *'Cr-release assay. (a) HepG2 cells were used as target cells. PBMCs stimulated with IFNx (500 U/
mi) andlor 5-FU (0.5 pg/ml) for 24 h were used as effecter cells at E/ T ratios as indicated, without neutralizing anti-Fas antibody, ZB4. (b) The target cells
were pretreated with ZB4 (500 ng/ml). (c) Results with an £/ 7 ratio of 20. Open bar, without ZB4. Solid bar, with ZBA. (d) CD4" cells, CDS” cells, and
CD4"CD8~ cells purified from PBMCs using magnetic sorting were used as effecter cells at an E/T ratio of 20. () Effecter or target cells or both were
pretreated with IFNx (500 U/ml) and 5-FU (0.5 pg/ml) for 24 h and an 8-k “ICr-release assay was performed. All data represent means £ SD values of at
least triplicate samples. Similar results were observed in three independent experiments.
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Fig. 8. Hepatotoxicity of IFNa/5-FU was examined using normal
hepatocyte cell line THLE-2 and resected human samples. (a) THLE-2
showed sensitivity to CH-11 in the dose-dependent manner in 48 h MTT
ussay. (b) THLE-2 were incubated with IFNx (500 Ulml) and/or 5-FU
(0.5 pg/ml) and with agonistic anti-Fas lonal antibody CH-11
(500 ng/ml) (CJ) or without CH-11 (M) for 48h. THLE-2 showed
sensitivity to IFNz and/or 5-FU or CH-11, but no synergistic eflect was
observed. (¢) TUNEL assay was performed in the same condition with
MTT assay. Apoptotic cells were not increased with the stimulation of
lFN:mda‘nr.'pFLl(d}TUl\ELshidngof d samples who received
IFN2/S-FU  therapy pr iginal magnification 100). (i)
Normal liver tissues; (i) md«nrmm (iii and iv) normal
and tumor site of the other patient. TUNEL-positive apoptotic cells were
only seen in the tumor. There were very few apoptotic cells in the normal
liver. [This figure appears in colour on the web.|

26]. Fas is a 45-kDa type | membrane protein receptor
that induces apoptosis by triggering a cascade of caspas-
es following ligation with the Fas Ligand (FasL) on the
cell surface of T-cells and NK cells, and plays a major
role in T-cell-mediated cytotoxicity [27,28) Fas/FasL
signaling also acts to enhance the effect of many chemo-
therapeutic drugs against various neoplastic cells,
including bleomycin, cisplatin, methotrexate, adriamy-
cin, carboplatin and 5-FU [29-33], and Jiang et al. [34]
showed that 5-FU increased Fas/FasL pathway-medi-
ated apoptosis in HCC. However, the mechanism by
which apoplosis is induced or enhanced by chemothera-
peutic agents remains unclear. In the present study, we
confirm the apoptotic effect induced synergistically by
IFNa and 5-FU via the Fas/FasL pathway in HCC cells
in vitro.

In the first step of this study, we investigated the cell
growth response of HCC cells treated with IFNa« and/or
5-FU. MTT and annexin-V assays showed that the com-
bination of IFNa and 5-FU significantly increased the
sensitivity to Fas-mediated apoptosis in three Fas-posi-
tive cell lines, and to a greater extent than either drug
used alone. This synergy was not mechanistically related
to the level of cell surface Fas expression after treat-
ment, although there was good correlation between the
level of constitutive cell surface Fas expression and the
extent of Fas-mediated apoptosis. The suggestions of
Yano et al. [35] may provide an explanation for these
results: (i) protective proteins inhibit apoptosis; (i)
intracellular Fas signaling activation does not happen:
and, (iil) regulatory mechanisms exist to enhance Fas-
mediated apoptosis other than Fas upregulation [35]
Activated caspase-3 is either partially or totally respon-
sible for cleaving the non-caspase death substrates,
which eventually leads to cellular and nuclear morpho-
logical changes and ultimately to cell death [25,26], We
speculate here that IFN« and 5-FU affected some apop-
totic factors thereby regulating caspase-3 and -8. In
addition, these caspases are activated by FLIP, a potent
inhibitor of Fas-mediated apoptosis, and regulator of
the proteolytic cleavage of caspase-8, based on our
results [2I,...., 36]. Our data also indicated that the
increase in caspase-3 expression was more profound
than that of caspase-8. This difference might be
explained by the regulation of IAPs (inhibitors of apop-
tosis proteins). IAPs are known to block apoptosis
induced by a wide spectrum of triggers, and recent stud-
ies have shown that IFNa« downregulates IAPs [36-40]
Moreover, PCR array analysis using clinical HCC sam-
ples revealed that the BIRC4 gene, which encodes IAP,
was significant in predicting the response to IFN/5-FU
therapy [41]. These findings therefore suggest that cas-
pase-8, caspase-3 and FLIP might interact to induce
Fas-mediated apoptosis after IFNa/5-FU treatment.

The *'Cr-release assay demonstrated that IFNa«
markedly induced cytotoxicity of PBMCs against the
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HCC cells, and particularly the CD4 CD8™ cells. Our
previous report revealed that CD56° NK cells and
CDI14" monocytes were the major effecter cells involved
in the IFNa-induced cytotoxicity of PBMCs against
HCC cells in this immunological process [16] IFNx
increases FasL expression on PBMCs and upregulates
the immune response [42], and several investigators have
reported FasL on the surface of CD4" cells, CD8" cells
and NK cells. In fact, IFNa induced greater cytotoxicity
in the CD4~CD8™ cells than in either the CD4™ cells or
CD8" cells. The data also indicated that both CD4"
cells and CD8" cells reacted 2-fold to IFNa stimulation.
In addition, pretreatment of HCC cells increased their
sensitivity to Fas-mediated apoptosis, suggesting that
(i) Fas-mediated cytotoxicity is enhanced by IFN« in
innate immune effecter cells, particularly NK cells and
monocytes, and (ii) Fas sensitivity of HCC cells regulat-
ed by IFNa/5-FU leads to increased cytotoxic interac-
tion compared to regulation by either drug alone.

As described above, Fas/FasL may contribute to the
anti-cancer effect of IFN«/5-FU via a tumor immune
response, but we consider that such a mechanism only
partially explains the anti-tumor activity of combination
therapy. This is because the Fas-negative cell lines
(HuH7, PLC/PRF/5 and Hep3B) showed no response
to CH-11 induction, and IFN«/5-FU did not affect the
Fas-mediated apoptosis. Our previous report showed
some Fas-negative cell lines respond in other ways to
IFNa/5-FU treatment [15-17,43]. In PLC/PRF/S, which
express a high level of IFN receptor, IFNa/5-FU acted
mainly through the direct cell arrest effect of IFNx
[15,43]. Also, HLE, a responder to Fas-mediated apopto-
sis, also underwent cell death via a TRAIL/TRAIL-R
pathway after IFN«/5-FU stimulation [16]). Thus, the
therapeutic effect of IFN«/5-FU against HCC might be
mediated via various pathways according to the specific
characteristics of the cancer cells. This might also explain
why the response rate to IFN«/5-FU is not complete,
being almost 50% in HCC treatment [10,11,13].

Finally, the influence of IFN#/5-FU combined thera-
py to normal hepatocytes was evaluated in terms of
apoptosis mediated by Fas/FasL system. Several investi-
gators have reported that normal hepatocytes express
Fas on their surface and that is cause of fulminant hep-
atitis with administration of agonistic anti-Fas antibody
[35,44-47]. Although the resulis of in vitro assays
revealed that normal hepatocyte has sensitivity to ago-
nistic anti-Fas antibody in the present study, no
enhancement was induced by the IFN«/5-FU about
apoptosis in Fas/FasL system. On the other hand, the
apoptotic effect of FasL was significant in the all Fas-
positive HCC cells. In addition, TUNEL staining of
resected human samples who received IFNu/5-FU ther-
apy before operation also showed that apoptotic cells
were only counted in the tumor site; no apoptotic cells
in normal liver. These results suggested that IFN/5-

FU did not enhance the cell death because of the uncer-
tain mechanism of the escape from the apoptotic system
of Fas/FasL pathway in normal hepatocyte and IFN/5-
FU upregulated apoptotic effect of Fas/FasL system,
showing anti-tumor activity in HCC.

In conclusion, IFNa and 5-FU synergistically
enhanced the sensitivity of hepatoma cell to Fas-medi-
ated apoptosis with an increase in caspase-3 activity.
In addition, we showed that IFN« upregulates the cyto-
toxicity of PBMCs, and interactions between PBMCs
and hepatoma cells via the Fas/FasL pathway were
most enhanced when both effecter and target cells were
pretreated with IFN«/5-FU. These results indicated that
Fas-mediated apoplosis at least partially contributes to
the beneficial effect of IFNa/5-FU therapy against
HCC in the clinic.
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Abstract. The purpose of this clinical trial was to evaluate
the utility of boron neutron capture therapy (BNCT) using
epithermal neutrons for cases of recurrent cancer in the oral
cavity, which are not indicated for a conventional treatment
modality. We enrolled four patients with local recurrence or
metastasis to the regional lymph nodes after completion of
initial treatments, including surgery, chemotherapy and radio-
therapy. Before receiving BNCT, patients underwent '*F-p-
bononophenylalanine (BPA) positron emission tomography
(PET) examinations to assess the BPA accumulation ratios in
tumors and normal tissues, All patients showed at least a
tentative partial response, while a marked improvement in
quality of life was seen in one patient, Before BNCT, that
patient could not be discharged from the hospital because
of eating difficulties and malaise; after treatment, he was
comfortably discharged. Mild malaise, oral mucositis and
alopecia were seen as mild adverse effects; however, no life-
threatening systemic symptoms were observed in any of the
cases, Our results suggested that BNCT is a useful treatment
maodality for recurrent or regionally metastasized oral cancer.

Introduction

Treatment of advanced and/or recurrent oral cancer is a
major concern, because the related tumors are known to be
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resistant to conventional treatment modalities, We primarily
treat patients with advanced squamous cell carcinoma using
systemic chemotherapy consisting of Docetaxel and Nedaplatin
(1,2). However, because chemotherapy generally induces
severe systemic side effects including leukocytopenia, it is
difficult to treat patients who have a poor performance status
(PS).

Boron neutron capture therapy (BNCT) is a type of tumor-
cell targeted radiotherapy that has a significantly increased
therapeutic ratio in comparison to conventional radiotherapy,
without severe systemic side effects, BNCT is based on the
nuclear reaction that occurs when boron-10 is irradiated
with low-energy thermal neutrons to yield high-linear-energy
transfer a particles and recoiling lithium-7 nuclei (3). Clinical
interest in BNCT has focused primarily on the treatment of
brain tumors and either cutaneous primary or cerebral
metastasis from a melanoma; more recently, it has focused
on head and neck malignancies (4.5). In the present study, we
assessed the usefulness of BNCT for cases of recurrent cancer
in the oral cavity and neck metastasis following conventional
treatment.

Patients and methods

Parients. The subjects were 4 patients with recurrent oral
cancer and/or cervical neck lymph node metastasis following
conventional treatment, including surgery, chemotherapy and
radiotherapy (Table I). Each patient signed an informed-
consent statement approved by the medical and ethics
committees of Kyoto University Research Reactor Institute
(KURI) and Osaka Medical College (OMC) prior to
enrollment.

Diagnoses of local recurrence and/or metastasis in regional
lymph nodes was determined from the results of histopatho-
logical and/or cytological examinations, as well as imaging
modalities including computed tomography (CT), magnetic
resonance images (MRI), and ultrasound (US). After confir-
mation of recurrence and/or metastasis, the indications for
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Table I. Characteristics of patients

Case no.  Age/Sex Location Histopathological diagnosis Previous treatment BNCT fraction

1 41/M Cervical lymph node* SqCC Surg. Chem, Rad (39 Gy) 2 (2 months)
2 5TM Maxilla SqCC Surg, Chem, Rad (60 Gy) 2 (1 month)
3 67/F Maxilla MC Surg. Chem, Rad (60 Gy) i
4 69/F Maxilla AC Surg, Chem, Rad (60 Gy), Therm 1

*Original tumor site, tongue. M, male; F, female; SqCC, squamous cell carcinoma; MC, mucoepidermoid carcinoma; AC, adenocarcinoma;

Surg, surgery; Chem, chemotherapy; Rad, conventional radiotherapy (total doses); Therm, thermotherapy.

Figure 1
ratio was calculated

other conventional treatments were assessed. Patients not
indicated for another treatment modality were enrolled in the
present study and treated with BNCT

Methods. Prior to BNCT, all patients underwent a fluoride-
18-labelled p-boronophenylalanine positron emission tomo-

graphy ("*F-BPA PET) study to assess the distribution of

BPA and estimate the boron concentration in the tumor (Fig. 1)
(6.7). The tumor/normal (T/N) tissue ratio of BPA uptake was
estimated from those results and dose planning was made
according to the T/N ratio. Neutron flux was determined using
a computer work station equipped with SERA dose planning
software (Idaho National Engineering and Environmental
Laboratory, Idaho Falls, ID) before the radiation was delivered
The total dose of BPA was 500 mg/kg body weight, Two hours
before neutron irradiation, an intravenous administration of
200 mg/kg body weight/h of BPA was started, Patients were
positioned for neutron radiotherapy in the reactor room and
irradiation started after changing the flow rate of BPA to 100
mg/kg body weight/h (8). All patients were placed in a sitting
position during irradiation. To monitor the boron con-

"F-BPA PET study (case 1). Ratios of "F-BPA accumulation in the arca that responsible to tumor and normal tissues were assessed, and the T/N

centration in the blood, venous blood samples were obtained
every 30 min to 1 h after BPA was administered until neutron
irradiation was completed. "B concentrations in the blood
were measured by prompt y-ray analysis and time vs, "B
concentration curves were plotted. The boron concentrations
from BPA in the tumor and normal tissues were estimated
by the T/N ratio of '""F-BPA on PE
concentration, the neutron fluence rate simulated by the SERA
work-station, and factors related to the relative biological
effectiveness of the neutron beam and BPA, the total dose

. Based on the boron

delivered to the tumor and normal tissues could be estimated
The duration of irradiation was set to deliver up to 10-15
Gy-Eq to the oral mucosa and as much as possible to the
tumor. Here, Gy-Eq (Gy:Gray) means the biologically
equivalent X-ray dose that would produce effects equivalent
to that of the total BNCT radiation

Treatment results were assessed by examining clinical
features and the results of imaging modalities, including CT
and MR imaging. The criteria for responses were defined as
follows: complete response (CR), complete disappearance of
all clinically evident tumors; partial response (PR), >50%
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Figure 2, B concentrations in blood. Boton concentrations in blood were monitored using venous blood samples taken befare and after irradistion

Table I1. Parameters of BNCT

Dose (Gy-Eg)

TN ratioof  Irradiation Skin Oral Tumor peak Minimum tumor dose
Case "F-BPA time (min)  surface  mucosa  (depth from skin surface,cm)  (depth from skin surface, cm)
1 4.0 90 49 144 39.1(1.8) 15.0 (7.0)
- 75 29 95 255(25) 103 (7.0)
2 34 41 32 9.1 21.6(2.0) 9.1 (6.0)
60 4.6 144 20.1 (2.5) 8.9 (6.0)
3 22 36 3.7 153 248(2.5) 220(4.0)
4 24 26 7.2 150 383 17.1

reduction in the sum of the two largest perpendicular diameters
of each measurable disease site, with no appearance of new
lesions or progression of any existing lesions; progressive
disease (PD). at least a 25% increase in tumor area or the
appearance of new lesions: no change (NC), all other
outcomes. Adverse effects were assessed using the National
Cancer Institute Common Toxicity Criteria (NCI-CTC ver.20).

Results

BNCT parameters. The T/N ratios of "F-BPA, which were
assessed in the PET examinations, ranged from 2.2 to 4.0.
The fraction of irradiation was 2 in two cases (cases | and 2)
and 1 in two cases (cases 3 and 4). The duration of neutron
irradiation was from 26 to 90 min. The concentration of "B
just before and just after irradiation ranged from 30.7 to
200 ppm and 32.9 1o 183 ppm, respectively (Fig. 2). The
minimum tumor doses (usually at the deepest part of the
tumor) ranged from 22.0 to 8.9 Gy-Eq. The maximum doses
for the oral mucosa and skin surface ranged from 153 1o
9.1 Gy-Eq and 7.2 10 2.9 Gy-Eq, respectively (Table II).

Clinical response, adverse effects, PS and outcome. Clinical
response was determined to be PR in 3 cases and PD in |

Figure 3. Case presentation (case 3). Left, prior to irradiation; right, 5 months

after irradiation. A CT examination revealed a marked decrease in tumor
size, Before irmadiation (left), the right antrum was filled with a dense and
soft tissue mass. Following BNCT (right), the tumor mass wis decreased in
size and the right antrum appeared as a pneumatic space

(Figs. 3 and 4). As for systemic adverse effects, mild fatigue
was detected in all cases, though apparent hematological
toxicities were not seen. Locally, mucositis appearing within
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Figure 4, Case presentation (case 2). Top left, prior to iradiation; top right,
Just prior to second irmadiation; bottom, 3 months after completion of BNCT.
An enhanced mass lesion was seen in the left buccal arca in all three phases
{arrows). Although no apparent decrease in tumor size was demonstrated
just before the second irradiation, marked tumor downsizing was noted 3
months after the completion of BNCT,

1 week after irradiation and continuing for 3-5 weeks was the
most severe adverse effect. No skin defects that had a direct
relation to BNCT were seen in the irradiated fields, except in
the case | patient, whose skin already showed tumor invasion
before BNCT. PS was improved in 3 of 4 cases, while the
remaining patient, who did not complain of any symptoms
including severe pain before irradiation, showed no change
(Table III). The most apparent improvement in PS was seen

in the case | patient, who had been hospitalized because of

severe pain and difficulties in eating before BNCT. His neck
mass was markedly downsized and pain was relieved, and he

Table 111, Clinical results

ARIYOSHI et al: BNCT FOR RECURRENT ORAL CANCER

was tentatively discharged from the hospital after BNCT.
Two of 4 patients (cases 3 and 4) were alive with evidence of
disease during follow-up periods ranging from 6 to 12 months
One patient (case 1) died from tumor re-growth followed by
aspiration pneumonia 2 months after completion of BNCT,
and the remaining patient (case 2) died from local tumor re-
growth 12 months after completion of BNCT.

Discussion

Results of the first clinical trnial of BNCT for head and neck
cancer including oral cancer were reported in 2004 (5). In
2005, we began BNCT at our institution, mainly for patients
with advanced non-resectable and recurrent oral cancer. In
general, such patients suffer from severe pain, difficulty with
eating that induces malnutrition, difficulty with speaking, and
poor PS. For recurrent cancer patients, it is controversial which
kind of treatments should be chosen, radical or palliative. To
resolve this issue, both the clinical response, including
prognosis, and improvement of PS should be discussed when
a treatment modality for these patients is decided.

BNCT is a novel treatment modality for these patients,
because it offers the possibility of inducing radical rather
than palliative treatment outcomes. Prior to administering
BNCT 1o oral cancer patients, it is important to discuss the
protocol, as conventional BNCT for a brain tumor has a
number of problems, such as lack of neutron penetration,
especially in patients with deep-seated wmors, an insufficient
contrast in boron concentration between tumors and normal
tissues, an absolute lack of boron in tumor tissues, and an
uncertain estimation of neutron flux captured by the '“B atoms
in tumor cells (9). In the present study, we assessed macro-
scopic treatment effects and investigated clinical problems
associated with BNCT admimistered for recurrent oral cancer
and neck metastasis following conventional treatment.

BNCT indications were assessed using ""F-BPA PET,
which provides an accurate assessment of BPA accumulation

Case Clinical response Adverse effects
1 PD Fa (1)
Mu (2)
2 PR Fa (1)
Mu (1)
3 PR Fa (1)
Al (1)
4 PR Fa (1)
Mu (2)

Outcome (duration of BNCT

Improved PS and time of outcome determination)

2+ Died

(4 months)
+= Died (13 months)
1+ AD

(13 months)

1+ AD (7 months)

Clinical response: PD, progressive disease: PR, partial response. Adverse effects: Fa, Fatigue: Mu, mucositis: Al, alopecia. Improved PS
24, improved by 2 grades or more; 1+, improvement of 1 grade: +-, no change; -, exacerbation, Outcome: AD, alive with disease.
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and distribution before irradiation. Kato et al (5) reported that
a head and neck tumor with a T/N ratio of <2.5 or a tumor
in a location deep under the skin surface should not be
recommended for BNCT. In the present 4 cases, the T/N
ratios were 4.0, 3.4, 2.2 and 2.4, respectively. The latter 2
(cases 3 and 4) showed low T/N values according to the
criteria of Kato er al; however, relatively good responses
were obtained. The tumors in those patients were superficially
located near the skin surface and their positions allowed for
relatively easy access during irradiation. Conversely, cases
that showed higher T/N values (cases | and 2) had unfortunate
outcomes within a 12-month follow-up period. The clinical
effects seen in the present study suggest that tumor location
and patient performance are important, in addition to the T/N
ratio obtained by ""F-BPA PET. Patient positioning during
irradiation has a strong influence on the effects of BNCT.
Notahly, patients with a neck dissection, such as case 1, find
it difficult to stretch their neck, while the shoulder interferes
with accurate positioning. To improve the effects of BNCT,
it is necessary to modify patient positioning for each case.

Kato er al (5) indicated that BNCT represents a new and
promising treatment approach, even for large or far advanced
head and neck malignancies, because it can induce a
remarkable reduction of huge tumors, improve QOL, and has
very mild side effects. In the present study, 3 of 4 patients
were categorized as PR and the remaining patient as PD. We
considered that the overall clinical effects were excellent for
our patients, who had recurrent disease and had already
undergone other conventional treatment modalities including
surgery, chemotherapy and radiotherapy. In the PD case
(case 1), a tentative tumor decrease was seen; however,
tumor re-growth occurred and the patient died 4 months after
the first course of BNCT. That tentative decrease in tumor
mass led to an improvement in PS, namely, pain relief, and
as a result the patient was discharged temporarily from the
hospital. In both of the fatal-outcome cases (cases 1 and 2),
tumor re-growth occurred in the part deep from the skin
surface. These results suggest that the minimum tumor dose
was not enough to destroy the tumor cells at the areas of
recurrence, Between the tumor re-growth cases (cases | and
2) and no-re-growth cases, there was no essential difference
in estimated minimum tumor dose. Thereafter, the recurrence
might be ascribed to heterogeneous distribution of boron
compounds in the re-growth cases (strategies for overcoming
this problem are discussed later). Recurrence in these cases
occurred at the deepest part of the tumor, where the absorbed
dose in tumor tissue was the lowest.

Kato er al (5) stated that one of the merits of BNCT is its
indication for recurrent or metastatic cases that have already
received a full dose of radiotherapy. All of the present
patients had experienced conventional radiotherapy before
undergoing BNCT, Three of the 4 had already received 60
Gy of radiation in the same field that received BNCT, and
the remaining case (case 1) had received 39 Gy, As a result,
following BNCT, there was a concern regarding perforation
of the covering skin, osteoradionecrosis or rupture of vital
vessels like the carotid artery. At present, no such severe
complication has been scen in the patients. In one patient
who died (case 1), the tumor had already invaded the skin,
and skin perforation was evident before performing BNCT,
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Skin perforation was also seen in case 2. In this case. although
the tumor showed good response to BNCT, aggressive tumor
re-growth was seen eight months after irradiation, and tumor
invasion to the skin followed by perforation occurred. The
irradhated doses to the skin were not significantly different
between cases | and 2 (fatal outcomes) and 3 and 4 (good
outcomes). These results suggest that previous irradiation
should not prohibit the administration of BNCT. On the other
hand, because the follow-up period is limited, we can not
predict whether osteoradionecrosis of the maxilla and
adjacent bones will occur in the case 3 and 4, As a result, we
can make no definite conclusion as to whether previous
irradiation should prohibit the administration of BNCT or
restrict its dose. To resolve these issues, long-term follow-up
of a large number of cases is required.

From a clinical point of view, it is important to assess
adverse effects as well as clinical response. Regarding brain
tumors, one of the authors of this paper (Miyatake er al) (9)
reported that all of their patients exhibited alopecia, and no
acute brain swelling or consciousness disturbance occurred.
As for head and neck tumors, Kato ef al (5) noted that there
were few side effects such as transient mucositis and alopecia,
and all side effects were less than grade-2 by NCI-CTC. In
the present patients, no severe systemic adverse effects
including malaise, anemia or leukocytopenia were seen. On
the other hand, mucositis, which can cause difficulties with
cating and degrade QOL, occurred and continued for 3 to 4
weeks in all patients. In addition, in the patient with maxillary
cancer and the case of a metastatic neck lymph node, localized
alopecia was seen. Those systemic and localized adverse
effects suggest that, except for the possibility of mucositis,
BNCT has more benefits for patients than conventional treat-
ments, including chemotherapy and radiotherapy.

Selection of the boron delivery agents is also an important
factor for BNCT (4). Previous clinical trials (5.9) used a
combination of BPA and sodium borocaptate (BSH), Ono er al
(8) reported that accumulation of BPA occurred in cycling
tumor cells but not in quiescent cells of solid tumors, and
combination with BSH was one of the solutions for the
problem of heterogencous micro-distribution of BPA (10,11).
Further, Ono er al (8) considered that the new BPA injection
and neutron irradiation protocol was able to overcome the
difficulties of BPA. In the present study, we used the same
new BPA injection and neutron irradiation protocol, and good
results were obtained. However, the number of cases was
quite limited; thus, further investigation is required to deter-
mine the utility of this new BPA protocol for oral cancer.
Other boron compound infusion methods for treatment of
brain tumors including long-term infusion of BPA (12) and
intracarotid injection of compounds (13) have been reported.
Nevertheless, the indications for those methods in regard to
oral cancer including metastatic neck nodes should also be
investigated.
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