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Self-regulating hyperthermia using thermosensitive ferromagnetic particles with
a low Curie temperature
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We have developed a method of magnetically induced hyperthermia for

malignant tumor using thermosensitive ferromagnetic particles (FMPs) with low Curie temperature (Tc:

a transition point at which magnetic materials lose of its magnetic properties, which causes a
cessation of current and thus heat production) enough to mediate automatic temperature control.
During this research period, we aimed to improve the accuracy of the wireless temperature
measurement system, and result was that initial bias was reduced by using paired-series connected
pickup coils when measuring induced electromotive force. A key advantage of this hyperthermia system

is that it is minimally invasive, requiring only a single injection for repeated treatments with
automatic temperature control.



43°C

Drive coil

25mm

43°C

43°C

QOL

43°C
1)
2,3
PCT/JP2009/050183 4
Optical Fiber
Thermometer
DC Inverter Chiller
Induction Heating
Power Supply
(EASY HEAT)
Input Signal | Amplifier
Pickup coil
Pick up coil Cosis L oo e
Drive coil Reference coll  Retifier circuit
1
1
Au coated ferromagnetic implant with low curie temperature: Au-FILCT
SN 3cm 18.3dB
S/N
Pickup coil
) . sl
Pickup coil 2 3 ol Sample
e =3 10000
Drive coil — Central axis-L--{fl-- & U U U
Pickupcoil | = 0t =
2 15mm, 20mm .
| L ' 2 Pickup coil 3 Pickup coil, FLICT
Drive coil




1
EKOHEAT Ameritherm Inc.,

10mm, 20mm, 30mm sample (FLICT)
3
30/100 ES CE Drive coil
DC Inverter
Chiller RKE2200B-V

Circuit box

Lock-in Amplifier
Signal Recovery, model 7265 DSP
LabVIEW Nationa Instruments

Lock-in Amplifier
Anritsu-Meter CO.,

AMOTH FL-2000 Au-FILCT

2 Pickup coil

Pickup
coil 4
1 1

1 Pickup coil

Drive cail Pickup coil
Drive cail 30mm
SN 5
Pickup coil 20mm SIN
FLICT Drive

coil Drive coil

2 Pickup coil

20mm Pickup coil  Drive
coil 30mm
4 6

2

3 Pickup coil

Pickup coil Omm
FLICT 7 60
FLICT
FLICT
FLICT
20mm Pickup

coil  Drive coil 30mm

Pickup coil FLICT

SN

central axis[mm]

Drive coil

2-connected coil
connected coil

1000400

10mm 20 30 40 50 60 70 80

connected coil

Pickup coil

S/N ratio [dB)

5 Pickup cail

30

20

Height of
Pickup coil[mm]

40
Distance of FILCT
from Pickup coil[mm]

50 10

Drive coil
SIN

10.000

1.000

-=-2-Connected coil
-=— Top surface Pickup coil

->-Bottom surface Pickup coil

o~

> -=-Sum(top and bottom )

<

]

S0 o100

=

S

)

=

2

-9

0.001
10 20 30 40 50 60 70 80
Distance of FILCT from Pickup coil(mm)
6 Pickup coil
FLICT
o547 -
-
2
545
-
&
o 43
=
£ u
-
39 4
37 T T T T )
0 60 120 180 240 300
Time(s)
7 Pickup coil




1) Saito H, Mitobe K, Ito A, Sugawara Y, Maruyama K, MinamiyaY, Motoyama S, Yoshimura N, Ogawa
J. Self-regulating hyperthermia induced using thermosensitive ferromagnetic material with alow Curie
temperature. Cancer Sci. 2008, 99:805-9.

2) Ito A, Saito H, Mitobe K, Minamiya, Takahashi N, Maruyama K, Motoyama S, Katayose Y, Ogawa J;
Inhibition of heat shock protein 90 sensitizes melanoma cells to thermosensitive ferromagnetic particle-
mediated hyperthermiawith low Curie temperature. Cancer Sci. 2009, 100:558-64.

3) Miyagawa T, Saito H, MinamiyaY, Mitobe K, Takashima S, Takahashi N, Ito A, Imai K, Motoyama S,
Ogawa J: Inhibition of Hsp90 and 70 sensitizes melanoma cells to hyperthermia using ferromagnetic
particles with alow Curie temperature. Int J Clin Oncol. 2014, 19:722-30.

4) Miyamoto R, Saito H, Suzuki M, Yoshimura N, and Mitobe K: Accuracy improvement of low-invasive
temperature measurement for hyperthermia treatment using a ferromagnetic implant with low Curie
temperature. Electronics and Communications in Japan, 2016, 99: 55-62.



, Loi Tonthat, , , 139

Resovist 2019

A 38-44

DOl
10.1541/ieejfms.139.38

, LOI TonThat, , ’

58

2019

LOI TonThat, , , s s

58

2019

59

2020




59

2020

High/Low

59

2020

60

2021

60

2021




(MITOBE kazutaka)

(60282159)

(11401)

(YAMAMOTO hirokazu)

(KATO yuta)




