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Abstract Hyperthermia has a long history of disease treatmentin China and around the world. There are historical records of cure of
diseases using hyperthermia. This article provides a comprehensive review of the history of the modern technology of hyperthermia
from three aspects: The technology, products, and clinical development, introducingvarious technologies, such as microwave
hyperthermia, radio frequency, ultrasound, and new technologies such as magnetic induction hyperthermia. The current hyperthermia
technology has developed to a new height, with higher treatment temperature, more precise temperature control, less side effects, and
better efficacy. In the field of cancer treatment, hyperthermia may become a new mainstream treatment, and will be more widely
applied in common benign disease treatment as well.

Keywords hyperthermia; microwave; radio frequency; ultrasound; magnetic induction

YT (hyperthermia) — 8] Y T A5 I SC , BB & my Ak

sk, B R TR AL & LK /NS BRI TSR , e

T TR A SO S IR, N sl T4
HKIRTPHIN o Ak A i IR Ko AR AR A HTROK
AT ERRIC R AR R A I RZ A KR TR
ILANE T8 RAR ; GE R E) hiic 8 T TS RGBT
J207 (AT BERZE A% MR ) A7 12 , 3 AT RE AT G T fie 1 19

WA R M . JLTAERTH RS E 202 EZE 2
B POKE GRS SR KRESE TR T L TE 5000 4E LA
T35 K, B A 118 SR Hhost A PR 67 LR R 1 10 28
ORI K R PE J5 & T 7 B e R SCRIc sk o BPRON < B2
252 A 75 i 44 S Hippocrates 565 MGAS 7 b,

WAL B :2014-08-13 ;5= B #1:2014-10-10

VR BB R HI, R @ A8 5, B -F 15 4 s tangjt@mail tsinghua.edu.cn
SIARR EZNR, 34, TR, . 9T R R MAZ 5 2] AHFR, 2014, 32(30): 15-18.

15



—t

www.kjdb.org

¥ S3R 2014,32(30)

SCIENCE & TECHNOLOGY REVIEW

IR YA RRIR T ARG FARREEIR 19 ] R IG
I7 IR BEIR TR IR 77— B LS T HYT M
SRR PR

1866 4F-, Busch& & T A 155 —F X F E A B Tia
I TR (10 B 23 S, JAs 1 1 91 2 B S 1 T 50 1R 97
TR FEEE 2 0k, 51 A S R T %, R e AS DA .
1884 4T, Bruns #2151 1 {516 J01 0 1k P €5 3R 191, SR L P
o | i RS BRI Ok 8 AR R I IR B K R RS BIL
%, 18934, Coley &3 T4 K" EHYT " IS , L5 b
o8 FR A TR G b e T B R A % ) AP P B PRV A B E A (B
B R, WK Coley B R ) , IR B E L IRETE E 38~
40°C,JRY7 T 38 il e SR i , o B Bl 27 4F, Hod 12 B
AL, A 19 BIA5 B AT G 5 A A 365 60% , EAL, Coley i
W TEFP PR A 8T 10 6 R A b 2. 651 %
IR = 1 R, A3 BN T 27 AR T 4R

PO 248 W Gi it 1866 41 J5 11 SO 4EAG L SR IR 58, 7F 166
Bl SRR A F TR, 72 e A e A T JR e i A
7R TT S 526 51 PRSI AR 2, 19 B RG AT B e i, DU
Ji Bl AT 2 3 i AR & A P TR YT R 1Y
J7R, TEILAL, Robdendury 7E 1918 4E4R 45 1 166 IR 401497
B AR IR B AT T IR A B, X e R R, 72 B A T R
eIt R E PR S . 195341, Helen Naut 3R T Coley H5E
PR R IRYT 30 BIARAL S PIJ bR ELR E A, LR
25 BIAEAFIR 104E L)L E . 1957 4F, Selawry B 3L T 450 {51 3% 4%
Jibged AT AR R AR, & B A AT 150 14T TR ERE SR A
FELEPIR M L R IR L . X — RPN R BESL Ty
P AR B2 &R L 5 DR AT E AL, I B e JF 1 #7 BAR
I PR

1 MKMEHRTHRRE

1975 4%, 76 H N FLAJF T 55 1 E BRIl ia o7 6 ik 2
WL 1978 4F, SR AE Uh 2 A IFES 1 e BRI 7 e
2B PRI G FAE R FF—K . 19784, R E 1 S i r 4
i 9gg % Bt 5 SR B BIME T J A S B I YA I A 1
FERE AN R ZIWFST . 19804F , JbaT | it AHARTT 2 T A
KAFFE o 1981 AFEES 1 4 [E I #u7 SRt B, 24
BRI,

PIT A W2 it gy T b R PE ARG S R i R T
PARTE R ™A AEH VB, BT 5555, BT SR, 43
TV RE W2 52 55 7 T AR A% 2 I BT i i,
Jibed R B AR I R R R N B T E A A

Il RIS FH 5 T, o [ T 20 228 70 454 CIF 4 A7 b 4
ISP HOR B RBFFE 5 0T, JF 88 T 20 tH22 80 - AR 75 5 43
BRI TT e D O i IR AR T R T A
WL R o Bl — B B AR 7 15 2 A Tl DL RN s B
TRIT ALY 4 B BT GG N TG IR, o E M AT B
ZHEA—HTH R SRR B o

Il 16

2 EMAHITIBRAN KRB

FRIR PR AR 229555 U H 2 g A R B 7 AR R s
S B AEL DR S s B A 18 v i S A R e 22 tg .
Hh T AR SR B BRI S5 KRN R S5 DT 15
Tt i A | TR I LR XE LR AR R 3 T2
PR 7 2 A o T AT 5 Rk i R B T 5
NIETHE AT, T AT AR 55 3 SR R FERE , T
H AT REFE R AU SO, PR B SR fE B i o X SEAT
BRA T TP HE) L A — 22 A R

Bl A R 9 K R R M B B AR 1) A Ji8 , 7
PEA T AN A R, R R AR T B 2R,
LURIE NN eI - ¢ AN N O A =Y I AR IS DI IR 8
FARGER D, BRI RS GO RIEE & T RERIFRER AT
JRyHB I , RS B A AR T AL G B AR R R A, A 4
B P71 0] Ry BT MR AT R R B e il oy 4R T
TSR Jr S 0 R 2 IR 1T . O AR R
TR 22 S5 2 1A A R A A A o 8 v R 0 42 2L A S A
B E LN AT RE , FEIR IR B A R0 [R] I 1E 2 U5 1
FEREREAR

R1 AFTFMEBERANER

Table 1 Development of hyperthermia heating technology
AR FIF
1898 Westermark B V{54 20 ol A0 S X B 2 iF

1y
1910 FEEFLFZ & B BN
1936 Denier B KA T 60057 (375 MHz) #4737
1957  Gilchris R JH Fe203 /EA BT 1 YA T RE I #A7 (1HAFF

%
1961 AR Ak HE P A B VI T LR O 5
T

1965 McGuff B UCKHEOEH TR iay7

1979 {5 A FA YA R

1983 Nd: YAG EOEA 8RBty 1 X FiRY T se s

1990 UM Bl A T ISR IR 367

1996 JWvIg Ay S A S R T 7 R AR A 1 95 ) 2 B
)R (FDA )IA AT

2003 RN B TR] S AN R

3 HITREMRRRE

TEIT AP NN B B SR HT, A% R I TCHLAE
EX AL T ics , AT BER UK sl KRk
FRATR A ERIT B, B BT B AR A A
IR RS AW AR, BT PG, PP i s i 2 15
A

20 22 70 AR LART , R 2248 i a7 B A, WF ]
TR BITHL, (E S PR A SR BT A e i, BeAT



—t

B SR 2014,32(30)

www.kjdb.org

2 IR S ) P R R I IR S A T, (A AR A
SR IR R NHATIRYT o

20 20 70 AR A, B AMT 4R & R 8 AR H AL, i
AR S 28 AT RS AR I R i SRR L IR (specific
absorption rate, SAR) 4371 , iIX FE B DA it Ak 1 5 125 LU FLPE M
SRS AR LM ISR BB IR AT R L T A SO AR AR
(EHS) KA IR BE (EHD) %, 5 Bb Rl it S5 38 T #r At
VRS 3 P B

20 T2 80 AFARAI I, Fcle SRR AR 7 1 48 AT & 1 4
R BT R A B S R R T SRS 2T
THEMIRAR S BALES , R R P 7 HAEE AR W RGN 7 4L
PRUEFRAE T RS, 5 =R R HITHLZ R £ T04E 5
T, BKE 2 A~ /NGRS T e HE T A AR S 25 A 3 L3 2 %
24 I T B TR TR 2 RV AR T AR X SAR I TEAR
oA o 40 H AR Kato 45 11 6 FL 25 TC R (6 X HL 25 SR AR TR ) Bt it
FRAT A, 21 Sigma60 1 IEHES 8 Ik TC4R 45, 15 [ 1Y Jas-
min = HL 2% SRR SR A LA 8 S DG AR A B — 18 Sono-
therm #7516 JCIE4R S #5235 , H P Sonotherm K 45 I # 1 Z2
TCHEALS IR AR Z2 o0l —— X

20 20 80 44X 1 2 90 AFAR ), MR IR SAR 43 A5 B AT
AR ERE . AR A H AR RFS R 2 EH Y
BSD1000, ## 7 i #4 & 48 1 A il 1 32 2] & 4, 41 Sono-
therm 1000, [E 7™ fr) =y 5 B SR A B0 P AR A 0 X — 28, H
HTE 2t A PRI BT ES .

20 20 90 4L 2 90 4F AR K S 4 #4T (Sigma60 . Sig-
ma-—eye )19, PR AN 50 AR A S HUT R G0 (KB ER R IT
BHERAD A FRA R, R GRIT 258 RYISERF Y7 ik
A BN T A S A AR HLAN 7 R T K BT 2R R ]
FABUIT ARSI T AL ) , 155 T SR A T 7 HIL (O o 0 28 R T 18 4%
A7 B\ H] UHR-2000 f i A7 AL ) , 250 & 48 (BSD2000)
LG Z 0 = B I T AR AR RV

21 AR LUK, 25 Bl B A IR A7 1R A FE 2 A0 5 3, i
JPIT BT E AR B R . AR S TS L R
FAGE A (HIFU) FEOGSE = S ml AR & et Jr e
BN TR BOT ALY 2 G I RRT R E TR
— o PRI RIA YT — B SR IR YT B IS T —E
JT AR o ML BT AR S 5256 R s S B0 5% O e BUAS T
A NSRRI BLZE I PRI vt s s e 1 A
o MRTFICT JCANM G AR F IR, Wos T R4 B Al
o SRR (HSP)IRIT ST IS & iaIT i X2 ook,
Ak B SR ABERRYT AFGITTT(42 ~ 45°C) Rl
I (46~60°C) & B HTF S A IR KN R

4 hE#HRTINERARRRER
Hh T R AR S foe A AT T IR BRI R Z — Bk
SRR AT T B A 1) A B i AN i, JUHOE B 1A, 7Y

SCIENCE & TECHNOLOGY REVIEW

T E R BB SRAF KRR, B A7 IR H AR R W B, 3R
HINK T 5 o E T E AR AT 2285 . B B sz i, o
BEI7 AR P 70 2R IMEDT 2 A EEITRRIR) T, 4B
N BALAT 3000 Ao 387 USSR, H SR O K & R B T
AF0l, 2 1950 4F O AgA: - — e F R SRR i 75 . 1952
AR ) T E S — 5 200 mA X ZRAL, 455 77 E T v T
IESAWIE B B A T N P iR 25 A
B EHYT IR B FLIE R R UG T 20 T2 70 4R AR, Ui Bif
TEUR , BT BRI A R SR B B A R
£ RN AT A R S I A5 B AR S

5 hERTEEHLHE

20 e 70 4FRACAR  db ) kA A & T 13.56 MHz 1Y
KIPRIIFHL, Bt A BT, JC R AP VC e R 58, iR
Y7 s R 0 L R i) 2 ()RR B AR, VAT b FE AN 32 F
e TR R G, R, (Hb 2 it TR 28, E—
YA 25 22,

20 tH20 80 AFARA) , BivRE FATT BN A58 25 R RS 7 5 FH Y
Tl (45562450 MHz) , 3697 B AR FH 3% ARFUE /NI ik
JRIRIT X URER IR (067 W25 R F R DR AT P L,
2R KT (1000 W) K 3 LB, Bie - S Al T35
PIRYT , ML JoT b Hic %, WIS HEAATINNE R 58, 10T 20
R U AXIT RSB ITIR  BIIRYT Z 8] —& RS . &
JEE ) 2 SR FH AR F BRI VL D 3 L el TR S |46 R R A,
222 B RGP AT, D03 s DA 2045 L

20 TH22 90 4EAR, [ YN SRl By 7 e A A BN /) L7
AR VIR BEIT A PR R L IR T Sb A BRZN 7] i
Je EATBET R & T 45 Fh 28 8 B DR A [ (8 S AR P B,
FFN P2 4 45k £ 13.56 MHz, B3R 7K Y8 22 55 1l bk b f2 Jik
IR B A T AR R R ASFE TS AR SR B ORI LA
IR T A= IR 2 XA, A B3R 1, — X% 40 MHz,
J3—XF 38 MHz, 7] LUAFR A 2205 L 25 697 ML

20 th22 90 AEAXHT , [l | AT T I ib s A2 T WR-II
R MH-T RGOS ST AL, H AR R 915 MHz, fi i D%
200 W, HLEsA H iR Pl R 50, RERESE TR R IR 015
PIRYT , WRBIEA T AR 8 (48 B BT A ) s iR B R
7, 0 FE N R AT 1) T2 TF R R T B I 4

20 T2 90 AEAR A, B N C g T AR 7™ SR-1000 7 i
JEFATIATF AL, B BEXTIRER IR A 1A R B GRYT, AN
SZ TR LRI G R R P03 2R G o8 AR IR T
TR G I T e 4 TR A AR AT LA S e R
FEhR L I [ A1 R 28 U ALK

AN, TN BRI IR e I K e ot e TR T AR
R IR YT A A s O (BRI 24N LR ) AT 25 4
AT YRR AR EEE R BE 5 om LA B0 E . [RIE, % 5%

HEST T FFHE O IEIT = 4 A BT A LB TR R 5,
17



—t

2,

www.kjdb.org

¥ S3R 2014,32(30)

HESE A WEMIEYY IR B e As . TR EAT T Al B [
DY LG A )% A B ) 5 0l A AR ) O R ARG, S T
ot D13 AU 5 T BELT I PR I3, 468 08 T sk b, Akt il
T S Ml JE I R T AT T AL, P T IR S S AR Y
THALEYT

7 20 T2 90 AR S 5 F I H 3 28 HIFU AR, T
1997 4F IR IE AT LRI RIS , IF7E 1998 4F 6 H 281705 16 )i
AR RS B TR SR T EBR L FATE R & EE
Mo W ESEENE T R RN S A IR R &
S YEJER 8 L SR A B EAR R SO B Y HIFU g 2
PAEHE T IRIT R G0, AR Uk T R 0 A M A T R U &
JB PR T B B A BN RN 2 BR RS, DA T 1 v [ A S
GEENRER B SISy g A3 EE a7 NI W 0 A

T 1045 YT Fl AL TV & R B B, i #4072 A%
T IR LB VAT Bz — , B WF 22 KT fiigs I Be W92 I
o H ETERT a8y TS T AR Z2 0k, Bl A= 7= 17—
T PERE R AL, 12004 475 B K240 & H A8 AR N
RIS INAAREIRE & ; R AF VS K2 S RIS L IR i &5 A
BN RV & T R ALREIER I i ik 41, IR TF LRI KA YT
WA 52007 AFTH AR 25 5 40 N T R By 7Rk JE A B
IS EIEVETERL T IR R R AP I R FERLT &, e REEHL A
S ARG AT B4, SR A ME Y i E AN P AR,
P THIT I A AR e

6 i

TEMMIREIRIT 7 ARG TR Tk R 45 T
— ANHEE B B, 1 B TR R I R R AL BRI Z i T
TET I B 37 T LA e T ) A e LV 3L
A AN BB 46 ] S T 1 380 i e, 3R e IR 3R T T s,
WA AT RAAEH

5% 3k (References)

(1] b, XUEE e, SRLTBE R HR[CY/ 2 — J v [ R L i if
IR, dbat: T EEY B T2, 2003.
Fan Jianzhong, Liu Guolong, Wu Hongying. Tumour hyperthermia
technology[C]//Proceedings of the first Session of the China Targeted
Cancer Therapy Technology Conference. Beijing: Chinese Society of
Biomedical Engineering, 2003.

(2] AR, ST 55 IR T AT St e (], T A0 =~ R 432 23,
2004, 27(4): 252-255.
Zhao Shijun, Guo Qiyong. The progress of tumour hyperthermial[J].
International Journal of Clinical Radiology Volume, 2004, 27(4): 252-
255.

(3] I scte, TR, T RAT B E R IS, TR S8k ). 7 BT 5T, 2007,
21(20): 1779-1800.
Jin Wenhua, Ding Yayuan. Progress in the clinical application of
hyperthermia[J]. Nursing Research, 2007, 21(20): 1779-1800.

[4] SCHEFIY, ROKA, B, 2. BT i i S SEHOAR B B R ).
PR TR S IR R, 2009, 13(4): 731-734.

I 18

Wen Haiming, Wu Shuicai, Zhao Lei, et al. The key technology of
microwave hyperthermia and hot issues[J]. China Clinical Rehabilitative
Tissue Engineering Research, 2009, 13(4): 731-734.
[5] FEMmetes, BE 0. oy i I SR AR P PR 7 HOR B A R R FH [T Tl B
B AR T RS, 2006, 29(6): 379-381.
Jiang Xiaoting, Jian Xiqi. Development and application of high
intensity focused ultrasound hyperthermia technology[J]. International
Journal of Biomedical Engineering, 2006, 29(6): 379-381.
AT ST 11 M AT A i JR 1) JEL 2 AN ). vl el T b
B, 2005, 11(2): 58-61.

Wu Qiyao. Technological development hyperthermia on our thinking

6

—_

and recommendations[]J]. China Medical Devices Information, 2005, 11
(2): 58-61.
[7] Atanackovic D, Pollok K, Faltz C, et al. Patients with solid tumors
treated with high— temperature whole body hyperthermia show a
redistribution of naive/memory T-cell subtypes[J]. American Journal of
Physiology Regulatory Integrative and Comparative Physiology, 2006,
290(3): 585-594.
FESEHT, XU, TSR, S REA N I A 7R A R RITTEL)). i
TBIAMNRIZAE, 2007, 7(11): 1027-1030.

Tang Luxin, Liu Weixue, Tang Jingtian. Research alternating magnetic

[8

—_

field induced hyperthermia equipment[J]. Chinese Journal of Minimally
Invasive Surgery, 2007, 7(11): 1027-1030.

(9] BR=A22, XU, JEEIR, 45 I—iK &3] TR 4225 B9 MR A T &
[ FEETF G, 2010, 16(1): 26-58.
Qiu Xuejun, Liu Jie, Tang Jingtian, et al. From a quiz to colorful
cancer treatment equipment[J]. China Medical Devices Information,
2010, 16(1): 26-58.

[10] B &, XUET, JEER, &5, BERMBITIOIT /N B Lewis I 1 52 56
WFFE0]. H EREISMER A%, 2007, 7(11): 1043-1045.

Hu Runlei, Liu Xuan, Tang Jingtian, et al. Experimental study of
magnetic fluid hyperthermia treatment of mice with Lewis lung cancer
[J]. Journal of Minimally Invasive Surgery, 2007, 7(11): 1043-1045.

[11] Johannsen M, Thiesen B, Jordan A, et al. Magnetic fluid hyperthermia
(MFH) reduces prostate cancer growth in the orthotopic dunning
R3327 rat model[]]. Prostate, 2005, 64(3): 283-292.

[12] Tanaka K, Ito A, Kobayashi T, et al. Intratumoral injection of immature
dendritic cells enhances antitumor effect of hyperthermia using
magnetic nanoparticles[J]. International Journal of Cancer, 2005, 116
(4): 624-633.

[13] Ita A, Matsuoka F, Honda H, et al. Antitumor effects of combined
therapy of recombinant heat shock protein 70 and hyperthermia using
magnetic nanoparticles in an experimental subcutaneous murine
melanomalJ]. Cancer Immunology Immunotherapy, 2004, 53(1): 26-32.

[14] Matsumine A, Kusuzaki K, Matsubara T, et al. Novel hyperthermia for
metastatic bone tumors with magnetic materials by generating an
alternating  electromagnetic  field[J]. Clinical and Experimental
Metastasis, 2007, 24(3): 191-200.

[15] Gneveckow U, Jordan A, Scholz R, et al. Description and characterization
of the novel hyperthermia— and thermoablation—system MFH 300F for
clinical magnetic fluid hyperthermia[J]. Medical Physics, 2004, 31(6):
1444-1451.

(%% E4838)





