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GBSTRACT

The Japanese Ministry of Health, Labour and Welfare
approved a drug called borofalan (‘°B), a treatment system,
and a dose calculation program for boron neutron capture
therapy (BNCT) in March 2020. The application pertaining to
the products submitted to the Pharmaceuticals and Medical
Devices Agency was supported by a Japanese, open-label,
uncontrolled trial (Study 002) in patients with unresectable,
locally recurrent head and neck squamous cell carcinoma
after chemoradiotherapy or radiotherapy, or in those with
unresectable locally advanced or locally recurrent (LA/LR)
head and neck nonsquamous cell carcinoma. The drug was
administered as a single intravenous dose using infusion rates
of 200 mg/kg per hour for the first 2 hours after the start of
administration and 100 mg/kg per hour during irradiation.

Neutron irradiation was performed using the devices at a sin-
gle dose of 12 Gy-equivalent for oral, pharyngeal, or laryngeal
mucosa for up to 60 minutes from 2 hours after the start of
drug administration. The primary endpoint was the overall
response rate (ORR). The results of Study 002 showed that
the ORR based on an assessment of the Independent Central
Review Committee per RECIST version 1.1 was 71.4% (90%
confidence interval [Cl], 51.3%—86.8%). The lower limit of the
90% Cl exceeded the prespecified threshold for ORR. When
BNCT is applied to patients with unresectable LA/LR head and
neck cancer, precautions should be taken, and patients should
be monitored for possible onset of dysphagia, brain abscess,
skin disorder, crystal urine, cataract, and/or carotid hemor-
rhage. The Oncologist 2021;26:e1250-e1255

Implications for Practice: Borofalan (*°B), a treatment system and a dose calculation program for boron neutron capture
therapy (BNCT), demonstrated significant efficacy in an open-label, uncontrolled trial in which overall response rate was the
primary endpoint for patients with unresectable locally advanced or locally recurrent head and neck cancer. Although no
information about survival benefits was obtained, BNCT will become an effective treatment option that is expected to man-
age local lesions that are intractable with any standard therapy. In addition, BNCT is expected to maintain quality of life of
the intended patient population, on account of its high tumor selectivity and low invasiveness.

INTRODUCTION

Oral, pharyngeal, and laryngeal cancers have been reported
to account for 86.9% of all cases of head and neck cancer,
and oral/pharyngeal cancer and laryngeal cancer (excluding

carcinoma in situ) affect 21,601 and 5,285 individuals, respec-
tively, in Japan [1, 2]. Drug therapies such as those with
nivolumab (Genetic Recombination) and cetuximab (Genetic
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Recombination) are available to treat patients with un-
resectable locally advanced or locally recurrent (LA/LR) head
and neck cancer. However, the overall response rate (ORR) of
nivolumab reported from the CheckMate 141 study is as low
as 13.3%, and the treatment effect of the existing therapies is
limited [3]. The Japanese Ministry of Health, Labour and Wel-
fare (MHLW) approved STEBORONINE 9,000 mg/300 mL
(borofalan (*°B), Stella Pharma Corporation, Osaka, Japan) for
infusion, the boron neutron capture therapy (BNCT) treatment
system NeuCure (Sumitomo Heavy Industries, Ltd., Tokyo,
Japan), and the BNCT dose-calculation program NeuCure Dose
Engine (Sumitomo Heavy Industries, Ltd.) as a drug with a new
active ingredient and new medical devices used for BNCT to
treat patients with unresectable LA/LR head and neck carci-
noma in March 2020 (approval date for the drug: March
25, 2020; approval date for the devices: March 11, 2020) [4-6].
This report provides an outline of the issues discussed in the
review of the products, to which the SAKIGAKE Designation
System was applied (Designation Numbers: Drug SAKIGAKE
[2017 Drug] No.4 and Device_SAKIGAKE [2016 Device] No.2).
The SAKIGAKE Designation System was established in 2015 by
MHLW to promote research and development aiming at early
practical application of innovative pharmaceutical products,
medical devices, and regenerative medicines that are initially
developed in Japan [7].

BNCT is expected to achieve cell-killing effects attribut-
able to the heavy charged particles, that is, alpha particles
(helium [*He]) and recoil lithium (’Li) nuclei, generated by
the nuclear reaction between the °B (stable isotope) atoms
and the thermal neutrons in the patient. The BNCT drug
borofalan (*°B) is prepared by increasing the proportion of
108 atoms among all the boron atoms in 4-borono-L-phenyl-
alanine, a derivative of the essential amino acid phenylala-
nine (Fig. 1). Borofalan (‘°B) is excreted mainly in urine as
the unchanged drug in both rats and humans. Results from
nonclinical studies indicate that the tumor accumulation of
the drug (tumor concentration of boron/blood concentra-
tion of boron) can be up to three. The BNCT treatment sys-
tem NeuCure is a neutron irradiation system designed for
BNCT, which consists of a cyclotron (proton accelerator), a
proton beam transporter, a neutron irradiation system, and
other associated apparatuses. The transported proton beam
is irradiated to a beryllium (°Be) target, generating neutrons
with energy of up to 28 MeV. This energy is released when
a nuclear reaction occurs because of the collision of protons
with the beryllium nuclei. The generated neutrons are

CO,H
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Figure 1. Chemical structure of borofalan (*°B). The chemical

name of borofalan (1°B) is as follows: (S)-2-Amino-3-[4-(1°B)
dihydroxyboranylphenyl]propanoic acid.
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irradiated from the device’s collimator after being deceler-
ated to an epithermal energy suitable for BNCT irradiation
(0.5 eV—-40 keV) by a moderator. After being further decel-
erated because of elastic scattering with internal hydrogen
nuclei, the irradiated epithermal neutrons become thermal
neutrons that are likely to cause a nuclear reaction with
19B. The thermal neutrons decrease to 50% of the maximal
amount at a depth of approximately 6 cm. The dose calcula-
tion for BNCT is performed with the BNCT dose-calculation
program NeuCure Dose Engine (Fig. 2).

The phase | clinical trial (Study 001) of the BNCT drug
borofalan (*°B), the BNCT treatment system NeuCure, and
the BNCT dose-calculation program NeuCure Dose Engine
(the products/BNCT) was initiated in March 2014 in Japan.
In this study, patients with unresectable, locally recurrent
head and neck squamous cell carcinoma (HNSCC) or
unresectable, LA/LR head and neck nonsquamous cell carci-
noma (HNNSCC) were enrolled. The phase Il clinical trial
(Study 002) of the products was initiated in June 2016 in
Japan and included patients with unresectable, locally
recurrent HNSCC after chemoradiotherapy (CRT) or radio-
therapy (RT) or those with unresectable LA/LR HNNSCC.
Data from these two studies were submitted to support the
application. Reviewing the data focusing primarily on those
from Study 002 as the key study to evaluate the efficacy
and safety of the products/BNCT, the Pharmaceuticals and
Medical Devices Agency (PMDA) concluded that for the
intended patient population, BNCT can be positioned as an
effective treatment option that is expected to manage local
lesions that are intractable with any standard therapy and
maintain the patients’ quality of life (QOL), on account of
its high tumor selectivity and low invasiveness. In the fol-
lowing sections, the regulatory review conducted with the
efficacy data from Study 002 and the safety data from Stud-
ies 001 and 002 will be summarized.

MATERIALS AND METHODS

To evaluate the safety and tolerability of the products/BNCT
in unresectable LA/LR head and neck cancer, an open-label,
uncontrolled trial (Study 001) was conducted in patients
with HNSCC or HNNSCC at two sites in Japan. In Study
001, patients who met both of the following criteria were
enrolled: (a) HNSCC with prior RT at 240 and < 75 Gy to the
target lesion, or HNNSCC with prior RT at <75 Gy to the tar-
get lesion; and (b) the last irradiation to the target lesion
was performed 180 or more days before enroliment.
Borofalan (*°B) was administered as a single intravenous
dose at an infusion rate of 200 mg/kg per hour for the first
2 hours after the start of administration and then at
100 mg/kg hours during neutron irradiation. Neutron irradi-
ation was performed using the BNCT devices at a single
dose of 10 Gy-Eq. (low dose) or 12 Gy-equivalent (high
dose) for the oral, pharyngeal, or laryngeal mucosa for up
to 60 minutes from 2 hours after the start of drug
administration.

To evaluate the efficacy and safety of the products/
BNCT in unresectable LA/LR head and neck cancer, an open-
label uncontrolled trial (Study 002) was conducted in
patients with HNSCC or HNNSCC at two sites in Japan.

© 2021 The Authors.
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Figure 2. Overview of BNCT with STEBORONINE 9,000 mg/300 mL for infusion, the BNCT treatment system NeuCure, and the BNCT

dose-calculation program NeuCure Dose Engine.

Abbreviations: BNCT, boron neutron capture therapy; CT, computed tomography.

In Study 002, patients with HNSCC were considered eligible
if they met one of the following criteria: the patient had
received CRT with a platinum-based chemotherapy regimen
or the patient had received RT after induction chemother-
apy with a platinum-based chemotherapy regimen; or the
patient had local recurrence within 6 months after the com-
pletion of RT alone, CRT without any platinum-based che-
motherapy regimen, or CRT with cetuximab. Although the
target patients with HNSCC were defined as those with
unresectable locally recurrent lesions after CRT or RT,
patients with locally recurrent lesions who achieved partial
response or stability after CRT or RT but required additional
treatment for the residual lesions were also enrolled. The
eligibility criteria for patients with HNNSCC in Study
002 included existence of unresectable LA/LR lesions, regard-
less of a history of RT or chemotherapy. Administration of a
combination of antitumor treatments (e.g., CRT with cisplatin
or cetuximab, or RT) was prohibited during Study 002.

Borofalan (*°B) was administered as a single intravenous
dose at an infusion rate of 200 mg/kg per hour for the first
2 hours after the start of administration and subsequently
at 100 mg/kg per hour during neutron irradiation. Neutron
irradiation was performed using the BNCT devices at a sin-
gle dose of 12 Gy-Eq. for the oral, pharyngeal, or laryngeal
mucosa for up to 60 minutes from 2 hours after the start of
drug administration.

The primary endpoint of Study 002 was determined to
be ORR because an improvement in QOL through a conser-
vation of functions such as phonation, swallowing, mastica-
tion, and respiration is considered as clinically significant if
response is achieved in patients with unresectable LA/LR
head and neck cancer. The threshold for ORR was deter-
mined to be 20% in reference to clinical study data from the
EXTREME study. The EXTREME study was a non-Japanese,
phase Ill clinical trial conducted to evaluate the efficacy and
safety of cetuximab/5-fluorouracil (5-FU)/platinum-based
chemotherapy versus 5-FU/platinum-based chemotherapy in

© 2021 The Authors.
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patients with HNSCC, recurrent or with distant metastasis,
who were previously not treated with chemotherapy [8].

RESuULTS

In Study 001, nine subjects with recurrent head and neck
carcinoma were enrolled. Six and three subjects were allo-
cated in the low- (10 Gy-Eq.) and high-dose (12 Gy-Eq.)
group, respectively. All of the nine subjects received the
products/BNCT and were included in the safety
analysis sets.

In Study 002, eight subjects with squamous cell carci-
noma and 13 subjects with nonsquamous cell carcinoma
were enrolled. All of the 21 subjects received the products/
BNCT. Both the efficacy and safety analysis sets included all
21 subjects. Results for the primary endpoint, ORR, based
on an assessment of the Independent Central Review Com-
mittee (ICRC) per RECIST version 1.1 are shown in Table 1.
The lower limit of the 90% confidence interval (Cl) exceeded
the prespecified threshold for ORR (20.0%). The results for
ORR by tissue type were not much different between squa-
mous cell carcinoma and nonsquamous cell carcinoma.

The safety results from Studies 002 and 001 are summa-
rized in Table 2. In Study 002, adverse events (AEs) of any
grade reported in 220% of subjects included alopecia
(n = 19; 90.5%), amylase increased (n = 18; 85.7%), nausea
(n = 17; 81.0%), dysgeusia (n = 15; 71.4%), parotitis and
decreased appetite (n = 14; 66.7% each), stomatitis
(n = 13; 61.9%), vomiting (n = 10; 47.6%), malaise, thirst
and radiation skin injury (n = 9; 42.9% each), conjunctivitis
and sialoadenitis (n = 7; 33.3% each), blood prolactin
abnormal and blood prolactin increased (n = 6; 28.6%
each), and constipation (n = 5; 23.8%). AEs of grade 3 or
higher reported in any subject included amylase increased
(n =16; 76.2%), and lymphopenia, lymphocyte count
decreased, stomatitis, brain abscess, and radiation skin
injury (n = 1; 4.8% each). Serious adverse events (SAEs)

Oncologist
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Table 1. Overall response rate in the overall population and in subgroups based on histology in Study 002

Overall response

All patients (n = 21), n (%)

SCC (n = 8), n (%) NSCC (n = 13), n (%)

Best overall response®

CR 5(23.8)
PR 10 (47.6)
) 5(23.8)
PD 0

NE 1(4.8)

Number of subjects with overall response
(CR + PR) (ORR [90% CI *]), %

15 (71.4 [51.3-86.8])

4 (50.0) 1(7.7)
2 (25.0) 8 (61.5)
1(12.5) 4 (30.8)
0 0
1(12.5) 0

6 (75.0 [40.0-95.4]) 9 (69.2 [42.7-88.7])

®RECIST version 1.
The Clopper-Pearson interval.

Abbreviations: Cl, confidence interval; CR, complete response; NE, not evaluable; NSCC, nonsquamous cell carcinoma; ORR, overall response
rate; PD, progressive disease; PR, partial response; SCC, squamous cell carcinoma; SD, stable disease.

reported in any subject included brain abscess (n =1;
4.8%), for which a causal relationship to study treatment
could not be ruled out. No AEs leading to death or to treat-
ment discontinuation were reported.

In Study 001, a dose-limiting toxicity, grade 3 dyspha-
gia was observed in one of six patients of the low-dose
group, whereas no dose-limiting toxicity was observed in
the high-dose group. Therefore, the recommended
dose of the products/BNCT was determined to be 12
Gy-Eq. AEs of grade 3 or higher reported in any subject
included lymphocyte count decreased (n = 3; 33.3%), and
anemia, dysphagia, upper gastrointestinal hemorrhage,
hypercalcemia, hypoalbuminemia, pharyngeal hemorrhage,
pharyngeal inflammation, laryngeal inflammation, and hyper-
tension (n = 1; 11.1% each). SAEs reported in any subject
included dysphagia (n = 1; 11.1%), for which a causal rela-
tionship to study treatment could not be ruled out. No AEs
leading to death or to treatment discontinuation were
reported.

DiscussioN

In Study 002, the primary endpoint, ORR, based on an
assessment of the ICRC per RECIST version 1.1, was 71.4%
(90% Cl, 51.3%—86.8%). The lower limit of the 90% CI
showed a response above the prespecified threshold
response rate. In patients with unresectable LA/LR head
and neck cancer, local lesions may lead to conditions, such
as dysphagia, malnutrition, airway narrowing, aspiration,

Table 2. Summary of the clinical safety data in Study 002
and Study 001

Study 002 Study 001
Adverse event type (n = 21), n (%) (n=29),n (%)
All adverse events 21 (100) 9 (100)
Adverse events of grade 18 (85.7) 3(33.3)
3 or higher
Adverse events leading 0 0
to death
Serious adverse events 1(4.8) 1(11.1)
Adverse events leading 0 0

to treatment
discontinuation

www.TheOncologist.com

and fistula formation, which result in a significant worsen-
ing of the patients’ QOL. Local management of the lesions
has a clinical significance, consequently, the PMDA con-
cluded that the products/BNCT has been shown to have
efficacy. The efficacy evaluation in Study 002, however, has
limitations because the study was conducted using an
open-label, uncontrolled design and no long-term results
were obtained.

In Study 002, the efficacy evaluation of the products/
BNCT was primarily based on the results with reference to
the ORR, and no information about survival benefits was
obtained. Thus, it should be appropriate to advise that the
standard therapies such as CRT, if feasible, should be per-
formed in preference to the products/BNCT. In addition, it
is necessary to include an advisory in the “precaution con-
cerning indication” section of the package insert that the
efficacy or safety of the products/BNCT as adjuvant therapy
have not been established, because no clinical data have
been obtained regarding the products/BNCT as adjuvant
therapy.

Based on the safety results from Studies 001 and
002, AEs requiring particular notice include dysphagia, brain
abscess, skin disorder, crystal urine, cataract, and carotid
hemorrhage. Although caution should be exercised regard-
ing these AEs when applying the products/BNCT, the PMDA
concluded that the safety profile of the products/BNCT is
tolerable if appropriate measures including observation and
management of AEs are taken by a physician who has ade-
guate knowledge and experience of cancer chemotherapy.

In Study 002, patients who had received their last RT
irradiation to the lesion site <90 days prior were excluded,
because the effectiveness assessment of the RT may still be
indefinite and the accumulated dose from RT may affect
the safety of the products/BNCT for those patients.
Although these clinical safety data of the products/BNCT
have not been obtained in this patient group, the PMDA
suggests that it is acceptable to administer the products/
BNCT to patients who did not respond to RT and experi-
enced no AE of grade 3 or higher, based on the following
considerations: (a) Whether or not to repeat RT is deter-
mined by the clinical symptoms of organs in the radiation
field as well as the accumulated dose and tolerance dose of
organs in the radiation field. (b) The accumulated dose in
the normal tissue after RT cannot be accurately measured.

© 2021 The Authors.
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In Study 002, patients who had already received irradia-
tion to the lesion site at a total dose of 275 Gy were
excluded because the dose-received exceeded the standard
dose. No efficacy or safety data of the products/BNCT were
obtained for this patient group. However, the PMDA con-
siders that the products/BNCT in these patients is consid-
ered to be acceptable because of the same reason as
described above, given that clinical symptoms of organs
within the radiation field are carefully monitored.

The incidence of mucositis in patients receiving RT for
head and neck cancer was 80%, and the incidence of grade
3 or 4 of mucositis was 39% [9]. In Study 001, the rec-
ommended radiation dose for the products/BNCT was 12 Gy-
Eqg. based on the tolerable dose for mucous membranes. By
considering these points, in Study 002, patients who have no
mucous membrane within the range of 1.0-5.0 cm from the
skin surface along the radiation axis were excluded to prop-
erly assess the occurrence of AEs in mucous membranes. No
efficacy or safety data of the products/BNCT have been
obtained in this patient group, but the PMDA considers that
whether or not to administer the products/BNCT to these
patients can be determined based on the accumulated and
tolerable doses in the normal tissues other than mucous
membranes, given that mucous membranes of those
patients will receive a dose of <12 Gy-Eq.

Because the available safety information regarding the
use of the products in Japanese patients is very limited,
the PMDA concluded that postmarketing surveillance
should be conducted in all patients receiving the drug to
accumulate safety information in a rapid and unbiased way,
and that the safety information obtained needs to be
promptly provided to the medical staff in clinical practice.
The Safety Specification for this all-case surveillance should
include dysphagia, brain abscess, severe skin disorder,
crystalluria, cataract, carotid hemorrhage, and late effects.
The target sample size and follow-up period should be
150 patients and 3 years, respectively, based on the feasibil-
ity and the incidence of events included in the Safety Speci-
fication occurred in relevant studies including Studies 001
and 002.

The products/BNCT is a combination of a boron drug
and neutron beam. This is a unique therapy because effec-
tiveness on tumors and the extent of unintended exposure
of normal tissues to a neutron beam depend on the extent
of 1°B accumulation in the tumor, unlike conventional radia-
tion therapies such as x-ray and proton radiation. In addi-
tion, this therapy requires expert knowledge regarding
treatment planning, quality control of the devices, and radi-
ation safety management of the device including radio-
activation. Given these factors, the PMDA concluded that it
should be performed by eligible medical staff (i.e., physicians
and medical physics experts) with adequate knowledge, skill,
and experience at a medical institution well-prepared to
manage the therapy.

Because the safety information pertaining to BNCT is
very limited not only in Japan but in other countries. There-
fore, the PMDA concluded that the safety and effectiveness
information should be collected from all patients who are
treated using the devices by conducting use-results surveys
after marketing, and if necessary, additional measures for

© 2021 The Authors.
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risk minimization should be taken. The PMDA also con-
cluded that it is reasonable to conduct the use-results sur-
veys of the devices in coordination with the postmarketing
surveys of the drug, and that it is appropriate to conduct
the use-results surveys with the same content and period
as the postmarketing surveys of the drug. In addition, the
PMDA indicated that necessary measures should be taken
to assure that the radiation exposure of health care profes-
sionals is minimized based on the perspective of “dose
limit” recommended by the International Commission on
Radiological Protection, because radioactivation of the
device and surrounding building is considered to be higher
for this therapy than for conventional radiation therapy
equipment such as linear accelerators [10, 11].

CONCLUSION

Based on the above results of the PMDA'’s review, the appli-
cation was deliberated at the Second Committee on New
Drugs and the Committee on Medical Devices and In-vitro
Diagnostics of the Pharmaceutical Affairs and Food Sanita-
tion Council, MHLW, and the products/BNCT were
approved as an option for local treatment of patients with
unresectable LA/LR head and neck cancer who cannot be
treated with any standard therapy such as CRT.

The investigators of Study 002 noted that the focus of
Study 002 was to assess locoregional control and safety
of BNCT within the first 3 months of its implementation to
achieve early approval of BNCT, thus limiting the evaluation
of efficacy and safety beyond 3 months [12]. The long-term
safety results obtained from the all-case surveillance of the
products/BNCT should be provided to the concerned medi-
cal personnel as soon as they are available. In addition to
the primary endpoint (ORR), Study 002 also included sec-
ondary endpoints to evaluate tumor response, such as the
duration of response and change in *®F-fluorodeoxyglucose
accumulation; however, the small number of subjects and
the short evaluation period limit the clinical interpretation.
Further clinical studies are needed to establish the prod-
ucts/BNCT as a standard treatment for patients with
unresectable LA/LR head and neck cancer.
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