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Clinical trial in Taitwan

Recurrent ethmoid sinus
carcinoma in the nose

Reference: Wang, Ling-Wei, et al. "Fractionated BNCT for locally recurrent head
and neck cancer: experience from a phase I/II clinical trial at Tsing Hua open-pool
reactor." Applied Radiation and Isotopes 88 (2014): 23-27.
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Reference: Kankaanranta, Leena, et al. Boron neutron capture therapy in the treatment of

locally recurred head and neck cancer." International Journal of Radiation Oncology*
Biology™* Physics 69.2 (2007): 475-482.
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Comparison of thermal neutron flux-depth distributions for different incident neutron energies

neutron beam parameters recommended by the IAEA for BNCT

Thermal BNCT Epithermal BNCT
Parameter Recommended value Parameter Recommended value
Pthermal (ems) >10° Prhermal {Cm-zs-lj :>1[Ilg
Prhermal/ Protal »0.9 Prhermall Protal >20
Dfast:;';bthermal (G‘p’CI’T‘IZ] ﬂleD-H Dtz stfl'?hthermal {G‘}'rcmzj 210
Dgamma’@thermalieycmzj ':2>-cllll-13 Dgammal@bthermal{Gycmz] :leo-la
Fast energy E>10keV
Epithermal energy 0.5 eV<E<10keV
Thermal energy E<0.5 eV
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-TRRis a5 MW MTR (Material Test Reactor)
- Itis a pool type research reactor mm F: ~'N\

- I'ts fuel assemblies contain low enriched uranium fuel _
- Plates are in the form of U308 Al alloy g of et retx Y]]

- The reactor pool has two major parts, a stall-end and an open pool.
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- The reactor core can operate in both parts of the pool for dlfferent purposes
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- Irradiation facilities: s
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- eight beam tubes
-In- coreirradiationboxes §

- Two rabbit systems

-Gammaroom -.

- Medical room

- Main applications: radioisotopes production and training 10
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BNCT research in Iran was initiated in 1990s by Prof. Pazirandeh and
Dr. Marashi. Their research was focus on the use of A-beam tube of

Tehran Research Reactor (TRR) to produce a proper neutron beam for
BNCT.

The results showed that the neutron flux at none of the beam exits 1s
sufficient for BNCT. Since then, no attempt was made to design a
proper neutron beam at TRR.

BNCT researches in TRR were restarted by Dr. Kasesaz in 2010 and
many efforts have been performed including: feasibility study, beam
design, construction of a phantom and etc..
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Horizontal Thermal column

The hole in the wall

N
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Medical room
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It has been shown that the thermal column of TRR 1s the best section

which can be adapted for BNCT
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The thermal column is about 3m in length with a wide square shape ||
cross section of 1.2 x1.2m?.
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Itis filled by removable graphite blocks [+
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MCNP geometry,
(1) Core,

(2) Pb block,

(3) Al-caned graphite box,
(4) Moderator,

(5) air filled collimator,
(6) Pb Reflector,

(7) Bigamma shield,

(8) Cd filter,

(9) Phantom.

Heavy Concrete
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Comparison of neutron beam parameters of the designed beam and other facilities

BNCT beam port parameters  IAEA limit
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Main Challenges of construction process

v" In practice, due to the high gamma dose caused by activated
materials 1n the reactor structure, 1t was impossible to remove
all graphite blocks from the thermal column 1n order to
produce an epithermal neutron beam.

v However the thermal column of TRR has been modified to
provide an appropriate thermal neutron beam for BNCT.
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DETAIL C
SCALEZ: 1

Phantom cap plan.



Constructed Head phantom

Cap (1), base (2) and shell of the phantom (3). 31



Different parts of the phantom

Foil holder
SR TLD holder

(a) Foil and TLD holders

TLD holder

Tl'x\be "\

l

(b) view of insertion of dosimeter
carrier tube 1n the port



(1) Head phantom shell,
(2) acrylictubes,

(3) TLD holder,

(4) foil holder,

(5) tumor place,

(6) cap for sealing the tubes,

(7) dummy tubes.
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The head phantom has been filled with water containing 18 and 65 ppm 10B for
normal and tumor tissue, respectively, and then has been irradiated in TRR
BNCT beam.




Depth in the phantom

(RBE Gy/min

Dosa rale |

- Gamma dose
Boron dose (18 ppm)
Boron dose (B5 ppm)
Tharmal nautron dosa
Total dose in narmal
Total dosa in tumor
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The head phantom was filled with a N-1sopropylacrylamide (NIPAM) gel

was irradiated using TRR BNCT beam line, and then was imaged by a

magnetic resonance scanner. Eventually, the E ggobtained 1n
i

different slices of the phantom.
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The head phantom containing NIPAM gel.



The phantom containing NIPAM polymer gel were imaged by4 2
1.5-T Siemens MR scanner 24 hours after irradiation.



Slice 1 Slice 2 Slice 3 (center)
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Relative dose response of N-1sopropylacrylamide (NIPAM) gel in
different slices of the head phantom. Results are normalized to the
maximum R2 value.
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v" Dose analysis during BNCT at epithermal beam considering the model

of TRR epithermal beam facility. The aim of this work 1s to get some
experiences in dosimetry and also to analyse the performance of the

facility.
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Evaluation of the effective dose during BNCT at TRR thermal
column epithermal facility
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Show more
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v" Feasibility study of using TRR medical room for BNCT.
v" Synthesis of a new °B-drug.

v In TRR, dosimetry researches are focused on the use of
polymer gel dosimetry method such as MAGIC-A polymer gel
and NIPAM polymer gel which were studied practically for
BNCT in TRR.

Some references:

v’ Khajeali, A., et al., Role of gel dosimeters in boron neutron capture therapy. Applied
Radiation and Isotopes, 2015.

v’ Khajeali, A., et al., Capability of NIPAM polymer gel in recording dose from the interaction
of 10 B and thermal neutron in BNCT. Applied Radiation and Isotopes, 2015. 105: p. 257-
263.

v’ Abtahi, S., etal., An investigation into the potential applicability of gel dosimeters for
dosimetry in boron neutron capture therapy. INTERNATIONAL JOURNAL OF
RADIATION RESEARCH, 2014. 12(2): p. 139-149.

v’ Abtahi, S., M. Zahmatkesh, and H. Khalafi, Investigation of an improved MAA-based
polymer gel for thermal neutron dosimetry. Journal of Radioanalytical and Nuclear
Chemistry: p. 1-14.
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1) Use of the constructed thermal BNCT beam for the biological

studies.
2) Design and construction of a new epithermal BNCT beam (base on

medical room) for the clinical trials.

3) Design and construction of a biological sample holder and an
automatic system to send a sample to the irradiation position.

4) Design and construction of a system to measure a boron
concentration in a blood sample using the neutron activation

analysis method based on the pneumatic system.
5) Design and construction of an irradiation room at the thermal BNCT
beam exit for animal treatment.

6) Getting some experience in different related fields such as mixed
filed dosimetry, neutron measurement, boron concentration

measurement, etc. 48
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BNCT project at[Tehran Research Reactodz Current and
prospective plans
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Conclusions

v" Todays we have a good
opportunity to consider TRR
as a BNCT research centre in
Iran.

v" The theoretical and experimental investigations
show that TRR has a very good potential for being considered as a

pilot facility for BNCT research in the Middle East and could be

facilitated for clinical applications “



In memory of our dear nuclear scientists
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