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(54) NEUTRON CAPTURE TREATMENT SYSTEM

(57) A neutron capture therapy system (100) is pro-
vided, including a neutron generating device (10) and a
beam shaping assembly (20). The neutron capture ther-
apy system (100) further includes a concrete wall (W)
forming a space for accommodating the neutron gener-
ating device (10) and the beam shaping assembly (20)
and shielding radiations generated by the neutron gen-
erating device (10) and the beam shaping assembly (20).
A support module (60) is disposed in the concrete wall
(W), the support module (60) is capable of supporting
the beam shaping assembly (20) and is used to adjust
the position of the beam shaping assembly (20), and the
support module (60) includes concrete and a reinforcing
portion (61) at least partially disposed in the concrete.
The neutron capture therapy system (100) designs a lo-
cally adjustable support for the beam shaping assembly
(20), so that the beam shaping assembly (20) can meet
the precision requirement, improve the beam quality, and
meet an assembly tolerance of the target.
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Description

BACKGROUND

Technical Field

[0001] The present disclosure relates to a radiation ir-
radiation system, and in particular to a neutron capture
therapy system.

Related Art

[0002] As atomics moves ahead, such radiotherapy as
Cobalt-60, linear accelerators and electron beams has
been one of major means to cancer therapy. However,
conventional photon or electron therapy has been under-
gone physical restrictions of radioactive rays; for exam-
ple, many normal tissues on a beam path will be damaged
as tumor cells are destroyed. On the other hand, sensi-
tivity of tumor cells to the radioactive rays differs greatly,
so in most cases, conventional radiotherapy falls short
of treatment effectiveness on radioresistant malignant tu-
mors (such as glioblastoma multiforme and melanoma).
[0003] For the purpose of reducing radiation damage
to the normal tissue surrounding a tumor site, target ther-
apy in chemotherapy has been employed in the radio-
therapy. While for high-radioresistant tumor cells, radia-
tion sources with high RBE (relative biological effective-
ness) including such as proton, heavy particle and neu-
tron capture therapy have also developed. Among them,
the neutron capture therapy combines the target therapy
with the RBE, such as the boron neutron capture therapy
(BNCT). By virtue of specific grouping of boronated phar-
maceuticals in the tumor cells and precise neutron beam
regulation, BNCT is provided as a better cancer therapy
choice than conventional radiotherapy.
[0004] Various radiations are generated during radio-
therapy. For example, neutrons and photons of low-en-
ergy to high-energy are generated during boron neutron
capture therapy. These radiations may cause different
degrees of damage to normal human tissues. Therefore,
in the field of radiotherapy, how to reduce radiation pol-
lution to the external environment, medical staff or normal
tissues of irradiated subjects is an extremely important
issue while effective treatment is achieved. A radiother-
apy device is usually placed in a building constructed by
concrete to isolate the radiation that may be generated
by the device. In a general reinforced concrete structure,
rebars are activated by neutrons to generate radioactive
isotopes with a relatively long half-life. For example, the
half-life of Cobalt-60 is 5.27 years, forming radioactive
waste with a long decaying time, leading to negative im-
pact on environment and radiation safety.
[0005] In addition, to ensure beam quality and improve
treatment effectiveness, it is necessary that a center of
a high-energy beam tube coincides with a center of a
beam shaping assembly as much as possible. However,
an engineering allowable deviation is much higher than

a precision requirement for the beam shaping assembly,
and when the concrete is vibrated and stirred, conven-
tional wooden formworks deform to some extent, which
affects cooperation between the target and the beam
shaping assembly and neutron quality.
[0006] Therefore, it is necessary to propose a new
technical solution to resolve the foregoing problem.

SUMMARY

[0007] To resolve the foregoing problems, an aspect
of the present invention provides a neutron capture ther-
apy system, including a neutron generating device and
a beam shaping assembly, where the neutron generating
device includes an accelerator and a target, a charged
particle beam generated through acceleration by the ac-
celerator acts with the target to generate a neutron beam,
the beam shaping assembly includes a reflector, a mod-
erator, a thermal neutron absorber, a radiation shield,
and a beam exit, the moderator slows down neutrons
generated from the target to an epithermal neutron en-
ergy range, the reflector surrounds the moderator and
guides deviated neutrons back to the moderator to in-
crease the intensity of an epithermal neutron beam, the
thermal neutron absorber is used to absorb thermal neu-
trons to avoid overdosing in superficial normal tissues
during treatment, the radiation shield is used to shield
leaking neutrons and photons to reduce a dose of a nor-
mal tissue in a region not exposed to irradiation, the neu-
tron capture therapy system further includes a concrete
wall forming a space for accommodating the neutron gen-
erating device and the beam shaping assembly, a sup-
port module is disposed in the concrete wall, the support
module is capable of supporting the beam shaping as-
sembly and is used to adjust the position of the beam
shaping assembly, and the support module includes con-
crete and a reinforcing portion at least partially disposed
in the concrete. The concrete structure can shield neu-
trons and other radiations that leak in a working process
of the neutron capture therapy system. The reinforcing
portion can increase the rigidity, tensile strength, and
bearing capacity of the concrete. The support structure
is modularized, so that the beam shaping assembly can
be adjusted locally to meet the precision requirement,
improve the beam quality, and meet an assembly toler-
ance of the target.
[0008] Further, the neutron capture therapy system
further includes an irradiation room and a charged parti-
cle beam generation room, the irradiation room and the
charged particle beam generation room are spaces
formed by the concrete wall, the neutron capture therapy
system includes a treatment table disposed in the irradi-
ation room, an irradiated subject on the treatment table
is treated with irradiation of the neutron beam in the irra-
diation room, the charged particle beam generation room
at least partially accommodates the accelerator, and the
support module and the beam shaping assembly are at
least partially accommodated in a partition wall between

1 2 



EP 3 943 153 A1

3

5

10

15

20

25

30

35

40

45

50

55

the irradiation room and the charged particle beam gen-
eration room.
[0009] Further, the partition wall is provided, on a side
close to the irradiation room, with an accommodating
groove at least partially accommodating the support
module, and is provided, on a side close to the charged
particle beam generation room, with a groove for a trans-
mitting tube of the accelerator to pass through, the ac-
commodating groove and the groove run through the par-
tition wall in a transmission direction of the neutron beam,
and a cross section contour of the support module is lo-
cated between cross section contours of the accommo-
dating groove and the groove on a plane perpendicular
to the transmission direction of the neutron beam. There-
fore, seams are avoided in a beam transmission direc-
tion, radiation is further reduced, and the support module
is easy to adjust.
[0010] Further, an adjusting member is disposed in the
support module, and an adjusting device acts on the ad-
justing member to adjust positions of the support module
and the beam shaping assembly, to improve a degree of
coincidence between the center of the beam shaping as-
sembly and the center of a beam line, so that the target
can be placed in a center hole of the beam shaping as-
sembly.
[0011] Preferably, the beam shaping assembly moves
between a first position and a second position, a center
axis of the beam shaping assembly approximately coin-
cides with a center axis of the transmitting tube of the
accelerator at the first position, and the center axis of the
beam shaping assembly does not coincide with the cent-
er axis of the transmitting tube of the accelerator at the
second position.
[0012] Preferably, the adjusting member includes a
first side plate and a second side plate that are connected
to each other, the first side plate is fixedly connected to
the support module, and the adjusting device acts on the
second side plate.
[0013] Preferably, a shield is filled between the parti-
tion wall and the support module to maintain positions of
the support module and the beam shaping assembly,
thereby preventing the beam from passing through a gap
between the partition wall and the support module, a ma-
terial of the shield includes at least one of a photon shield-
ing material and a neutron shielding material, and the
shield includes at least one of a rigid solid, a flexible solid,
a liquid, and a powder.
[0014] Further, a shielding plate is disposed on the side
of the partition wall close to the irradiation room, and the
shielding plate matches a cross section contour of the
support module on a plane perpendicular to the trans-
mission direction of the neutron beam. The shielding
plate can shield neutrons leaking between the support
module and the partition wall, and can also enhance the
shielding effect of the partition wall and suppress sec-
ondary radiation generated by the partition wall, thereby
avoiding radiation on normal tissues of a patient.
[0015] Another aspect of the present invention pro-

vides a support module for supporting a beam shaping
assembly, the beam shaping assembly being configured
to adjust the beam quality of a radiation generated by a
radiation generating device, where the support module
includes concrete and a reinforcing portion at least par-
tially disposed in the concrete, the reinforcing portion in-
cludes formworks and ribs disposed between the form-
works, and the formworks are fixedly connected to the
ribs. The concrete structure can shield neutrons and oth-
er radiations that leak in a working process of the neutron
capture therapy system. The reinforcing portion disposed
in the concrete can increase the rigidity, tensile strength,
and bearing capacity. The modular design provides a
design of a locally adjustable support for the beam shap-
ing assembly, so that the beam shaping assembly can
meet the precision requirement, improve the beam qual-
ity, and meet an assembly tolerance of the target.
[0016] Preferably, the elastic modulus of the material
of the reinforcing portion is not less than 40 GPa, the
ultimate strength is not less than 200 MPa, and the yield
strength is not less than 100 MPa, and the reinforcing
portion disposed in the concrete can increase the rigidity,
tensile strength, and bearing capacity of the concrete.
[0017] Preferably, more than 90% (percentage by
weight) of the material of the reinforcing portion is made
of at least one element of C, H, O, N, Si, Al, Mg, Li, B,
Mn, Cu, Zn, S, Ca, and Ti. The material of the reinforcing
portion is made of elements having a cross section for
hardly acting with neutrons or being activated by neu-
trons to generate radioactive isotopes with a short half-
life. Because the radioactivity derived from neutron acti-
vation is relatively low, a secondary radiation dose is ap-
propriately suppressed, and future device dismantlement
is facilitated.
[0018] Preferably, the half-life of radioactive isotopes
generated after the reinforcing portion is activated by
neutrons is less than 1 year.
[0019] Further, the formworks include a lower form-
work, a left formwork and a right formwork that are re-
spectively disposed on two sides of the lower formwork,
and an annular formwork surrounded by the lower form-
work and the left and right formworks, and the ribs include
horizontal transverse ribs, horizontal longitudinal ribs,
and vertical ribs distributed in the concrete at a preset
spacing respectively in a horizontal direction, a vertical
direction, and a thickness direction of the concrete.
[0020] Preferably, the horizontal transverse ribs are
welded and anchored to the left formwork, the right form-
work, and the annular formwork, the vertical ribs are weld-
ed and anchored to the lower formwork, the annular form-
work, and the horizontal transverse ribs, and the horizon-
tal longitudinal ribs are welded and anchored to the hor-
izontal transverse ribs and the vertical ribs.
[0021] Preferably, an outer wall of the beam shaping
assembly fits an inner surface of the annular formwork,
and the beam shaping assembly is fixedly connected to
the support module, to constrain forward-backward
translational freedom and rotational freedom of the beam
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shaping assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a schematic structural diagram of a neutron
capture therapy system according to an embodiment
of the present invention;

FIG. 2 is a schematic diagram of mounting of a sup-
port module of a beam shaping assembly of a neu-
tron capture therapy system according to an embod-
iment of the present invention;

FIG. 3 is a schematic structural diagram of the sup-
port module of the beam shaping assembly in FIG. 2;

FIG. 4 is a schematic sectional view along A-A in
FIG. 3;

FIG. 5 is a schematic diagram of an adjusting mem-
ber of a support module of a beam shaping assembly
according to an embodiment of the present inven-
tion; and

FIG. 6 is a schematic diagram of the adjusting mem-
ber in FIG. 5 in another direction.

DETAILED DESCRIPTION

[0023] Embodiments of the present invention are fur-
ther described below in detail with reference to the ac-
companying drawings, to enable a person skilled in the
art to implement the present invention with reference to
the text of the specification.
[0024] As shown in FIG. 1, a neutron capture therapy
system in this embodiment is preferably a boron neutron
capture therapy system 100, which includes a neutron
generating device 10, a beam shaping assembly 20, a
collimator 30, and a treatment table 40. The neutron gen-
erating device 10 includes an accelerator 11 and a target
T, and the accelerator 11 accelerates charged particles
(such as protons, deuterons, etc.) to generate a charged
particle beam P such as a proton beam, and the charged
particle beam P irradiates the target T and interacts with
the target T to generate a neutron beam N, and the target
T is a metal target. Suitable nuclear reactions are always
determined according to such characteristics as desired
neutron yield and energy, available accelerated charged
particle energy and current and materialization of the
metal target, among which the most discussed two are
7Li (p, n) 7Be and 9Be (p, n) 9B and both are endothermic
reaction. Their energy thresholds are 1.881 MeV and
2.055 MeV respectively. Epithermal neutrons at a keV
energy level are considered ideal neutron sources for
BNCT. Theoretically, bombardment with lithium target
using protons with energy slightly higher than the thresh-

olds may produce neutrons relatively low in energy, so
the neutrons may be used clinically without many mod-
erations. However, Li (lithium) and Be (beryllium) and
protons of threshold energy exhibit not high action cross
section. In order to produce sufficient neutron fluxes,
high-energy protons are usually selected to trigger the
nuclear reactions. The target, considered perfect, is sup-
posed to have the advantages of high neutron yield, a
produced neutron energy distribution near the epithermal
neutron energy range (see details thereinafter), little
strong-penetration radiation, safety, low cost, easy ac-
cessibility, high temperature resistance etc. But in reality,
no nuclear reactions may satisfy all requests. The target
in these embodiments of the present disclosure is made
of lithium. However, well known by those skilled in the
art, the target materials may be made of other metals
besides lithium or beryllium, for example, tantalum (Ta)
or tungsten (W). The target T may be in the shape of a
disk, or may be in other solid shapes, or a liquid (liquid
metal) may be used. The accelerator 11 may be a linear
accelerator, a cyclotron, a synchrotron, a synchrocyclo-
tron, and the neutron generating device 10 may also be
a nuclear reactor without using an accelerator and a tar-
get. No matter BNCT neutron sources are from the nu-
clear reactor or the nuclear reactions between the accel-
erator charged particles and the target, only mixed radi-
ation fields are produced, that is, beams include neutrons
and photons having energies from low to high. As for
BNCT of deep tumors, except the epithermal neutrons,
the more the residual quantity of radiation ray is, the high-
er the proportion of nonselective dose deposition in the
normal tissue is. Therefore, radiation causing unneces-
sary dose should be lowered down as much as possible.
In addition, for the normal tissues of the irradiated subject,
too much various radiations should be avoided, which
also causes unnecessary dose deposition.
[0025] The neutron beam N generated by the neutron
generating device 10 sequentially passes through the
beam shaping assembly 20 and the collimator 30 and
then irradiates to the irradiated subject 200 on the treat-
ment table 40. The beam shaping assembly 20 is capable
of adjusting the beam quality of the neutron beam N gen-
erated by the neutron generating device 10, and the col-
limator 30 is used to concentrate the neutron beam N,
so that the neutron beam N has higher targeting during
the treatment process. By adjusting the collimator 30, the
direction of the beam and the positional relationship of
the beam and the irradiated subject 200 on the treatment
table 40 can be adjusted, and the position of the treatment
table 40 and the irradiated subject 200 can also be ad-
justed to align the beam with the tumor cells M in the
irradiated subject 200. These adjustments can be per-
formed manually or automatically through a series of con-
trol mechanisms. It will be appreciated that the present
disclosure may also be provided without a collimator, and
the beam from the beam shaping assembly 20 directly
irradiates to the irradiated subject 200 on the treatment
table 40.
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[0026] The beam shaping assembly 20 further in-
cludes a reflector 21, a moderator 22, a thermal neutron
absorber 23, a radiation shield 24, and a beam exit 25.
The neutrons generated by the neutron generating de-
vice 10 have a wide spectrum of energy, and in addition
to epithermal neutrons to meet treatment needs, it is de-
sirable to reduce other types of neutrons and photons as
much as possible to avoid injury to operators or patients.
Therefore, the neutrons from the neutron generating de-
vice 10 need to pass through the moderator 22 to adjust
the energy (>40 keV) of fast neutrons into an epithermal
neutron energy range (0.5 eV to 40 keV) and reduce ther-
mal neutrons (<0.5 eV) as much possible. The moderator
22 is made of a material having a cross section for prin-
cipally acting with fast neutrons but hardly acting with
epithermal neutrons. In this embodiment, the moderator
13 is made of at least one of D2O, AlF3, Fluental, CaF2,
Li2CO3, MgF2 and Al2O3. The reflector 21 surrounds the
moderator 22, and reflects the neutrons diffused through
the moderator 22 back to the neutron beam N to improve
the utilization of the neutrons, and is made of a material
having high neutron reflection ability. In this embodiment,
the reflector 21 is made of at least one of Pb or Ni. A
thermal neutron absorber 23, which is made of a material
having a large cross section for acting with thermal neu-
trons, is at the rear of the moderator 22. In this embodi-
ment, the thermal neutron absorber 23 is made of Li-6.
The thermal neutron absorber 23 is configured to absorb
the thermal neutrons passing through the moderator 22
to reduce the content of thermal neutrons in the neutron
beam N, thereby avoiding overdosing in superficial nor-
mal tissues during treatment. A radiation shield 24 is con-
figured to shield neutrons and photons that leak from
portions other than the beam exit 25. The material of the
radiation shield 24 includes at least one of a photon
shielding material and a neutron shielding material. In
this embodiment, the material of the radiation shield 24
includes a photon shielding material lead (Pb) and a neu-
tron shielding material polyethylene (PE). The collimator
30 is disposed at the rear of the beam exit 25, and the
epithermal neutron beam emerging from the collimator
30 irradiates to the irradiated subject 200, and is slowed
into thermal neutrons to reach the tumor cell M after pass-
ing through the superficial normal tissue. It will be appre-
ciated that the beam shaping assembly 20 may have
other configurations as long as the epithermal neutron
beam required for treatment can be obtained.
[0027] After the irradiated subject 200 is administrated
or injected boron (B-10)-containing pharmaceuticals, the
boron-containing pharmaceuticals selectively accumu-
lates in the tumor cell M, and then takes advantage that
the boron (B-10)-containing pharmaceuticals have high
neutron capture cross section and produces 4He and 7Li
heavy charged particles through 10B(n,α)7Li neutron cap-
ture and nuclear fission reaction. The two charged par-
ticles, with average energy at about 2.33 MeV, are of
high linear energy transfer (LET) and short-range char-
acteristics. LET and range of the alpha particle are 150

keV/micrometer and 8 micrometers respectively while
those of the heavy charged particle 7Li are 175 keV/mi-
crometer and 5 micrometers respectively, and the total
range of the two particles approximately amounts to a
cell size. Therefore, radiation damage to living organisms
may be restricted at the cells’ level. only the tumor cells
will be destroyed on the premise of having no major nor-
mal tissue damage.
[0028] In this embodiment, a radiation shielding device
50 is further disposed between the irradiated subject 200
and the beam exit 25 to shield normal tissue of the irra-
diated subject from irradiation by the beam from the beam
exit 25. It should be understood that the radiation shield-
ing device 50 may not be disposed.
[0029] The boron neutron capture therapy system 100
as a whole is completely accommodated in a building
constructed by concrete. Specifically, the boron neutron
capture therapy system 100 further includes an irradia-
tion room 101 and a charged particle beam generation
room 102. The irradiated subject 200 on the treatment
table 40 is treated by irradiation with the neutron beam
N in the irradiation room 101. The charged particle beam
generation room 102 at least partially accommodates the
accelerator 11. The beam shaping assembly 20 is at least
partially accommodated in a partition wall 103 between
the irradiation room 101 and the charged particle beam
generation room 102. It may be understood that the par-
tition wall 103 may completely separate the irradiation
room 101 from the charged particle beam generation
room 102. Alternatively, the partition wall 103 may par-
tially separate the irradiation room 101 from charged par-
ticle beam generation room 102, and the irradiation room
101 is in communication with the charged particle beam
generation room 102. There may be one or more targets
T. The charged particle beam P may selectively act with
one or several targets T or may simultaneously act with
a plurality of targets T, to generate one or more thera-
peutic neutron beams N. Corresponding to the quantity
of the targets T, there may also be one or more beam
shaping assemblies 20, collimators 30, and treatment
tables 40. A plurality of treatment tables may be disposed
in the same irradiation room, or an individual irradiation
room may be disposed for each treatment table.
[0030] The irradiation room 101 and the charged par-
ticle beam generation room 102 are spaces defined by
a concrete wall W (including the partition wall 103). The
concrete structure may shield leaking neutrons and other
radiations in a working process of the boron neutron cap-
ture therapy system 100. Referring to FIG. 2, the beam
shaping assembly 20 is supported by a support module
60 disposed in the partition wall 103. The partition wall
103 is provided, on a side close to the irradiation room
102, with an accommodating groove 1031 at least par-
tially accommodating the support module 60, and is pro-
vided, on a side close to the charged particle beam gen-
eration room 101, with a groove 1032 for a transmitting
tube of the accelerator to pass through, so that the ac-
commodating groove 1031 and the groove 1032 run
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through the partition wall in a transmission direction of
the neutron beam N. In this embodiment, a wall surface
of the partition wall 103 is a plane, and the transmission
direction of the neutron beam N is perpendicular to the
wall surface of the partition wall 103. The support struc-
ture is modularized, so that the beam shaping assembly
can be adjusted locally to meet the precision require-
ment, improve the beam quality, and meet an assembly
tolerance of the target. A cross section contour of the
support module 60 is located between cross section con-
tours of the accommodating groove 1031 and the groove
1032 on a plane perpendicular to the transmission direc-
tion of the neutron beam N, so that seams are avoided
in a beam transmission direction, radiation is further re-
duced, and in addition, the support module 60 is easy to
adjust. In this embodiment, the support module 60 is a
cuboid as a whole, cross sections, perpendicular to the
transmission direction of the neutron beam N, of the ac-
commodating groove 1031 and the groove 1032 are both
in a " " shape, and side walls of the accommodating
groove 1031 and the groove 1032 are parallel to the
transmission direction of the neutron beam N. A shielding
plate 70 is further disposed on the side of the partition
wall 103 close to the irradiation room 102. The shielding
plate 70 can enhance the shielding effect of the partition
wall and suppress secondary radiation generated by the
partition wall, thereby avoiding radiation on normal tis-
sues of a patient. The shielding plate 70 may match the
cross section contour of the support module 60 on the
plane perpendicular to the transmission direction of the
neutron beam N, thereby shielding neutrons leaking be-
tween the support module and the partition wall. The
shielding plate is a PE plate. It may be understood that
the shielding plate may also be disposed on the side of
the partition wall 103 close to the charged particle beam
generation room 102 and a side of the support module
60 close to the irradiation room 101. The shielding plate
may be made of lead or another neutron or photon shield-
ing material. Alternatively, the shielding plate may be
omitted.
[0031] Referring to FIG. 3 and FIG. 4, the support mod-
ule 60 includes concrete and a reinforcing portion 61 at
least partially disposed in the concrete (described in de-
tail below). The concrete has low tensile strength and is
easy to crack, and the beam shaping assembly is very
sensitive to deformation and requires that the support
structure has sufficient stiffness. Therefore, the reinforc-
ing portion disposed in the concrete can increase the
rigidity, tensile strength, and bearing capacity. The elastic
modulus of the material of the reinforcing portion is not
less than 40 GPa, the ultimate strength is not less than
200 MPa, and the yield strength is not less than 100 MPa.
Because neutrons are generated in the beam shaping
assembly, the surrounding material is most severely ac-
tivated. The material of the reinforcing portion is made
of elements having a cross section for hardly acting with
neutrons or being activated by neutrons to generate ra-
dioactive isotopes with a short half-life (less than 1 year).

For example, more than 90% (percentage by weight) of
the material of the reinforcing portion is made of at least
one of C, H, O, N, Si, Al, Mg, Li, B, Mn, Cu, Zn, S, Ca,
and Ti. In this embodiment, at least partial material of the
reinforcing portion is an aluminum alloy. The half-life of
aluminum activated by neutrons is relatively short, and
is only 2.2 minutes. In a conventional reinforced concrete
structure, elements, such as iron, cobalt, and nickel,
abundantly contained in the rebars have relatively long
half-lives after being activated by neutrons. For example,
the half-life of Cobalt-60 is 5.27 years. If the aluminum
alloy is used, because the radioactivity derived from neu-
tron activation is greatly reduced within a limited time, a
secondary radiation dose is appropriately suppressed,
and future device dismantlement is facilitated. The ma-
terial of the reinforcing portion may be further an alumi-
num-magnesium alloy, or may be a carbon fiber com-
posite material, a glass fiber composite material, or a
combination thereof.
[0032] The reinforcing portion 61 includes formworks
611 and ribs 612 disposed between the formworks, and
the formworks 611 are fixedly connected to the ribs 612.
The formworks 611 include a lower formwork 6111, a left
formwork 6112 and a right formwork 6113 that are re-
spectively disposed on two sides of the lower formwork
6111, and an annular formwork 6114 surrounded by the
lower formwork and the left and right formworks. The
formworks 611 are made of an aluminum alloy and are
used as anchor plates for the ribs 612. In this embodi-
ment, the beam shaping assembly 20 is cylindrical as a
whole. It may be understood that, when the beam shaping
assembly is constructed into another shape, the annular
formwork may be replaced with a formwork of another
shape correspondingly. The ribs 612 include horizontal
transverse ribs 6121, horizontal longitudinal ribs 6122,
and vertical ribs 6123 distributed in the concrete among
the annular formwork, the left and right formworks, and
the lower formwork at a preset spacing respectively in a
horizontal direction, a vertical direction, and a thickness
direction of the concrete. The spacing is determined ac-
cording to a specific case, and is schematically drawn in
the figures. The ribs are also made of an aluminum alloy.
In this embodiment, the horizontal transverse ribs 6121
are welded and anchored to the left formwork 6112, the
right formwork 6113, and the annular formwork 6114, the
vertical ribs 6123 are welded and anchored to the lower
formwork 6111, the annular formwork 6114, and the hor-
izontal transverse ribs 6121, and the horizontal longitu-
dinal ribs 6122 are welded and anchored to the horizontal
transverse ribs 6121 and the vertical ribs 6123. It may
be understood that the formworks and the ribs may al-
ternatively be disposed in another manner. A welding
sequence and process may be carried out in another
manner well known to a person skilled in the art, or an-
other fixing manner may be used.
[0033] During construction, front and rear formworks
(not shown in the figure) also need to be set up. Front
and rear sides and an upper side of the support module
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60 do not need to be anchored, so that conventional
wooden formworks are used. Concrete is poured into an
accommodating cavity formed among the lower form-
work 6111, the left formwork 6112, the right formwork
6113, the annular formwork 6114, and the front and rear
formworks. No formwork is disposed on an upper side,
so that a status of the concrete can be conveniently ob-
served during the construction. After the concrete is filled
up, an upper side thereof may be leveled with a plate.
After the concrete is poured and cured, the front and rear
formworks are removed to form the support module 60,
and then the support module 60 is delivered to the par-
tition wall 103 and mounted in the accommodating
groove 1031. Next, the beam shaping assembly 20 is
placed in the support module 60, and an outer wall of the
beam shaping assembly 20 fits an inner surface of the
annular formwork 6114. To constrain forward-backward
translational freedom and rotational freedom of the beam
shaping assembly 20, the beam shaping assembly 20 is
fixedly connected to the support module 60. For example,
a threaded hole is provided on the annular formwork
6114, a hole is provided at a corresponding position of
the outer wall of the beam shaping assembly 20, and the
beam shaping assembly 20 and the annular formwork
6114 are connected by a bolt. It may be understood that
another connection manner may be used. Before the
concrete is poured, the threaded hole of the annular form-
work 6114 is plugged with a plastic protective sleeve to
prevent the concrete from leaking from the threaded hole
and protect threads. To ensure the compactness of the
concrete below the annular formwork, an opening may
be provided at a lower portion of the front formwork or
the rear formwork, and the concrete is poured from the
opening. After the concrete is poured and cured, the plas-
tic protective sleeve plugged in the threaded hole of the
annular formwork 6114 is taken out, the beam shaping
assembly is placed in an accommodating cavity formed
by an inner surface of the annular formwork 6114, and
then the beam shaping assembly 20 and the support
module 60 are connected by the bolt. It may be under-
stood that the construction may alternatively be carried
out in another manner well known to a person skilled in
the art.
[0034] Positions of the support module 60 and the
beam shaping assembly 20 are then adjusted. Referring
to FIG. 5 and FIG. 6, an adjusting member 62 is disposed
in the support module 60, and an adjusting device (not
shown in the figure), such as a jack, acts on the adjusting
member 62 to adjust the positions of the support module
60 and the beam shaping assembly 20, so that the beam
shaping assembly 20 can move between a first position
and a second position. A center axis of the beam shaping
assembly 20 approximately coincides with a center axis
of the transmitting tube of the accelerator at the first po-
sition, and the center axis of the beam shaping assembly
20 does not coincide with the center axis of the transmit-
ting tube of the accelerator at the second position. There-
fore, a degree of coincidence between the center of the

beam shaping assembly and the center of a beam line
is improved, so that the target can be placed in a center
hole of the beam shaping assembly. The adjusting mem-
ber 62 is disposed at a lower portion of a side wall of the
support module 60 facing the irradiation room 101. It may
be understood that the adjusting member 62 may alter-
natively be disposed at another position. The adjusting
member may alternatively be disposed on the beam
shaping assembly, and the adjusting member directly
drives the beam shaping assembly to adjust a position.
Because the jack acts on the adjusting member in the
form of a concentrated force, twisted ribs may be dis-
posed at corresponding positions of the reinforcing por-
tion 61 to increase strength. In this embodiment, the ad-
justing member 62 is an L-shaped support, including a
first side plate 621 and a second side plate 622 that are
perpendicular to each other. The first side plate 621 is
fixed to the lower portion of the side wall of the support
module 60 facing the irradiation room 101 by using a bolt.
The jack acts on the second side plate 622. The adjusting
member 62 further includes a reinforcing rib plate 623
connected to the first side plate and the second side plate
to increase strength. The support may be constructed of
a steel plate. It may be understood that the support may
have another structure or may be made of another ma-
terial.
[0035] After the adjustment, the support module 60 is
fixed (for example, a steel plate is disposed in a gap be-
tween the support module and the floor, and the support
module is fixed to the floor by using a bolt or the like),
and a shield (not shown in the figure) is filled between
the partition wall 103 and the support module 60 to main-
tain positions of the support module and the beam shap-
ing assembly and prevent the beam from passing through
a gap between the partition wall and the support module.
A material of the shield includes at least one of a photon
shielding material and a neutron shielding material. The
material may be a rigid solid cut into an appropriate size,
for example, lead, a lead-antimony alloy, Teflon, graph-
ite, paraffin, PE, PE containing boron carbide or lithium
carbonate or lithium fluoride, PMMA (acrylic), or PMMA
containing boron carbide or lithium carbonate or lithium
fluoride; or may be a powder filled in a rigid container or
a flexible container cut into an appropriate size, for ex-
ample, a powder of boron carbide or lithium carbonate
or lithium fluoride; or may be a liquid filled in a rigid con-
tainer or a flexible container cut into an appropriate size,
for example, water that dissolves the powder of boron
carbide or lithium carbonate or lithium fluoride, heavy wa-
ter, and boric acid; or may be a flexible solid, for example,
rubber or silicone. The adjusting member 62 may be re-
moved, and then, the shielding plate 70 is mounted to
block the shield to further reduce radiation.
[0036] The boron neutron capture therapy system 100
may further include a preparation room, a control room,
and another space used to assist in treatment. Each ir-
radiation room may be provided with one preparation
room used for preparation work, for example, securing
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an irradiated subject to a treatment table, injecting boron-
containing pharmaceuticals, and simulating a treatment
plan before treatment with irradiation. A connecting pas-
sage may be disposed between the preparation room
and the irradiation room, and after the preparation work
is completed, the irradiated subject may be directly
pushed into the irradiation room or a control mechanism
may control automatic entry of the irradiated subject into
the irradiation room by a rail. The control room is config-
ured to control the accelerator, the beam transmitting de-
vice, the treatment table, and the like, and control and
manage the entire irradiation process. A manager may
further simultaneously monitor a plurality of the irradiation
rooms in the control room.
[0037] In this embodiment, the concrete wall is a boron-
containing barite concrete wall with the thickness of
greater than 1 m and the density of 3 g/c.c. The boron-
containing concrete has better neutron absorption prop-
erty, so that the radiation shielding effect of the concrete
is enhanced, and metal materials in the concrete may
also be exposed to a smaller amount of neutrons. It
should be understood that the concrete wall may have
another thickness or density or may be made of another
material, and different parts of the concrete wall may have
different thicknesses, densities or materials. It should be
understood that the present invention may further be ap-
plied to other types of neutron irradiation systems; the
present invention may also be applied to other types of
radiation irradiation systems, and the neutron generating
device may be replaced by other radiation generating
device, the material of the concrete and supporting as-
sembly may be replaced as needed.
[0038] Although the illustrative embodiments of the
present invention have been described above in order to
enable those skilled in the art to understand the present
invention, it should be understood that the present inven-
tion is not to be limited the scope of the embodiments.
For those skilled in the art, as long as various changes
are within the spirit and scope as defined in the present
invention and the appended claims, these changes are
obvious and within the scope of protection claimed by
the present invention.

Claims

1. A neutron capture therapy system, comprising a neu-
tron generating device and a beam shaping assem-
bly, wherein the neutron generating device compris-
es an accelerator and a target, a charged particle
beam generated through acceleration by the accel-
erator acts with the target to generate a neutron
beam, the beam shaping assembly comprises a re-
flector, a moderator, a thermal neutron absorber, a
radiation shield, and a beam exit, the moderator
slows down neutrons generated from the target to
an epithermal neutron energy range, the reflector
surrounds the moderator and guides deviated neu-

trons back to the moderator to increase the intensity
of an epithermal neutron beam, the thermal neutron
absorber is used to absorb thermal neutrons to avoid
overdosing in superficial normal tissues during treat-
ment, the radiation shield is used to shield leaking
neutrons and photons to reduce a dose of a normal
tissue in a region not exposed to irradiation, the neu-
tron capture therapy system further comprises a con-
crete wall forming a space for accommodating the
neutron generating device and the beam shaping
assembly, a support module is disposed in the con-
crete wall, the support module is capable of support-
ing the beam shaping assembly and is used to adjust
the position of the beam shaping assembly, and the
support module comprises concrete and a reinforc-
ing portion at least partially disposed in the concrete.

2. The neutron capture therapy system according to
claim 1, wherein the neutron capture therapy system
further comprises an irradiation room and a charged
particle beam generation room, the irradiation room
and the charged particle beam generation room are
spaces formed by the concrete wall, the neutron cap-
ture therapy system comprises a treatment table dis-
posed in the irradiation room, an irradiated subject
on the treatment table is treated with irradiation of
the neutron beam in the irradiation room, the charged
particle beam generation room at least partially ac-
commodates the accelerator, and the support mod-
ule and the beam shaping assembly are at least par-
tially accommodated in a partition wall between the
irradiation room and the charged particle beam gen-
eration room.

3. The neutron capture therapy system according to
claim 2, wherein the partition wall is provided, on a
side close to the irradiation room, with an accommo-
dating groove at least partially accommodating the
support module, and is provided, on a side close to
the charged particle beam generation room, with a
groove for a transmitting tube of the accelerator to
pass through, the accommodating groove and the
groove run through the partition wall in a transmis-
sion direction of the neutron beam, and a cross sec-
tion contour of the support module is located be-
tween cross section contours of the accommodating
groove and the groove on a plane perpendicular to
the transmission direction of the neutron beam.

4. The neutron capture therapy system according to
claim 2, wherein an adjusting member is disposed
in the support module, and an adjusting device acts
on the adjusting member to adjust positions of the
support module and the beam shaping assembly.

5. The neutron capture therapy system according to
claim 4, wherein the beam shaping assembly moves
between a first position and a second position, a
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center axis of the beam shaping assembly approxi-
mately coincides with a center axis of the transmitting
tube of the accelerator at the first position, and the
center axis of the beam shaping assembly does not
coincide with the center axis of the transmitting tube
of the accelerator at the second position.

6. The neutron capture therapy system according to
claim 4, wherein the adjusting member comprises a
first side plate and a second side plate that are con-
nected to each other, the first side plate is fixedly
connected to the support module, and the adjusting
device acts on the second side plate.

7. The neutron capture therapy system according to
claim 4, wherein a shield is filled between the parti-
tion wall and the support module to maintain posi-
tions of the support module and the beam shaping
assembly, a material of the shield comprises at least
one of a photon shielding material and a neutron
shielding material, and the shield comprises at least
one of a rigid solid, a flexible solid, a liquid, and a
powder.

8. The neutron capture therapy system according to
claim 2, wherein a shielding plate is disposed on the
side of the partition wall close to the irradiation room,
and the shielding plate matches a cross section con-
tour of the support module on a plane perpendicular
to the transmission direction of the neutron beam.

9. A support module for supporting a beam shaping
assembly, the beam shaping assembly being con-
figured to adjust the beam quality of a radiation gen-
erated by a radiation generating device, wherein the
support module comprises concrete and a reinforc-
ing portion at least partially disposed in the concrete,
the reinforcing portion comprises formworks and ribs
disposed between the formworks, and the form-
works are fixedly connected to the ribs.

10. The support module for supporting a beam shaping
assembly according to claim 9, wherein the elastic
modulus of the material of the reinforcing portion is
not less than 40 GPa, the ultimate strength is not
less than 200 MPa, and the yield strength is not less
than 100 MPa.

11. The support module for supporting a beam shaping
assembly according to claim 9, wherein more than
90% (percentage by weight) of the material of the
reinforcing portion is made of at least one element
of C, H, O, N, Si, Al, Mg, Li, B, Mn, Cu, Zn, S, Ca,
and Ti.

12. The support module for supporting a beam shaping
assembly according to claim 9, wherein the half-life
of radioactive isotopes generated after the reinforc-

ing portion is activated by neutrons is less than 1
year.

13. The support module for supporting a beam shaping
assembly according to claim 9, wherein the form-
works comprise a lower formwork, a left formwork
and a right formwork that are respectively disposed
on two sides of the lower formwork, and an annular
formwork surrounded by the lower formwork and the
left and right formworks, and the ribs comprise hor-
izontal transverse ribs, horizontal longitudinal ribs,
and vertical ribs distributed in the concrete at a preset
spacing respectively in a horizontal direction, a ver-
tical direction, and a thickness direction of the con-
crete.

14. The support module for supporting a beam shaping
assembly according to claim 13, wherein the hori-
zontal transverse ribs are welded and anchored to
the left formwork, the right formwork, and the annular
formwork, the vertical ribs are welded and anchored
to the lower formwork, the annular formwork, and
the horizontal transverse ribs, and the horizontal lon-
gitudinal ribs are welded and anchored to the hori-
zontal transverse ribs and the vertical ribs.

15. The support module for supporting a beam shaping
assembly according to claim 13, wherein an outer
wall of the beam shaping assembly fits an inner sur-
face of the annular formwork, and the beam shaping
assembly is fixedly connected to the support module.
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