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Historical perspectives

3000 B.C. - Egypt (Edwin Smith Surgical Papyrus)
400 B.C. - Greece (Hippocrates)
200 A.D. - Rome (Galen)

17t Century - Reports of tumour regression in patients
suffering with infectious fever

19t Century - Fever induced treatment to control tumour
growth (Coley’s toxin 1893)

- Water circulating cisterns to treat carcinoma
of the uterus with temperatures of 42-440C
(F.Westermark 1898)

20th Century - Diathermy (Nagesschmidt 1926;
N.Westermark 1927)

- Dose-time thermal effects (Stevenson 1919;
Rohdenburg & Prime 1921; Crile 1960s)
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The Edwin Smith’s
Surgical Papyrus

«JF IMLQ&__@@ 5 2] g ety
3 - i 2 i u:_:‘);

\ Ge/ A’)c\. @3}‘. @‘
AP
,.' VAL e .}ﬂ.p , ) %) V4
0 a2 = Fiv el &M“p
i :] Rj‘: Cﬁ”éi‘iﬁ ";‘“ ﬁu{%‘hm Gﬁ
| 71 30 N . |Q-5}N: zm ? slo=—

[ z’“%@g‘—ﬁ’f’ 7'.:»,11.14 r‘r.,ﬂq,,z,%

c.\[(J ,L L3S P ey )@‘i’?o‘a))l,ym‘f’J
f ;%ma-a_éj sl 2 L/
ﬂ)‘m.:.);auq?"ﬁ‘éam~ Fa:."““

,sy,.w‘twum}m.ﬁ ezt s

Z 5 -_J/a “ U\c.\ -—- /L&@"c

5% 53H7V\I jw,“ ’%" ILAL

T_»:L Las/”Z»5 ob ‘ﬂ,:.‘"t Lol

Ua?;g j e Ve I/J}
ﬁzfa;m/ el




Historical perspectives

3000 B.C. - Egypt (Edwin Smith Surgical Papyrus)
400 B.C. - Greece (Hippocrates)
200 A.D. - Rome (Galen)

17t Century - Reports of tumour regression in patients
suffering with infectious fever

19t Century - Fever induced treatment to control tumour
growth (Coley’s toxin 1893)

- Water circulating cisterns to treat carcinoma
of the uterus with temperatures of 42-440C
(F.Westermark 1898)

20th Century - Diathermy (Nagesschmidt 1926;
N.Westermark 1927)

- Dose-time thermal effects (Stevenson 1919;
Rohdenburg & Prime 1921; Crile 1960s)
%
v



Heating Temperatures

= Fever range:

= Hyperthermia:

39-420C

40-450C

(Mild temperature < 42°C)

» Thermal ablation:

>450C



Nucleolus

Ribosomes
Sites where
proteins are
synthesized

Targets for heat

Nuclear membrane

Mitochondrion

Where respiration takes
place and energy is
produced

Nucleus

DNA occurs in the
nucleus within
strands of chromatin

Golgi

Lysosome
apparatus

Cell
membrane

Centrioles

Endoplasmic
reticulum

Cytoplasm
Gel-like fluid
inside the cell

Membranes

Cytoskeleton

Cytosol

Nucleus

- lipids

- proteins

- microfilaments
microtubules
mitochondria
lysosomes
respiration/glycolosis

- protein synthesis

- DNA replication

- RNA synthesis

- chromosomal damage
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Membrane transport
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y - T T . TABLE 1.—Inhibition of dThd uptake by hyperthermia®
Temperature, Duration, » Postheating, Vimax
degrees C min Culture,. min heated/control
fagceo e 435 60 M 20 0.43
404 43.5 60 M 20 0.59
s 120 0.49
CONTROL . la.a 45.5 15 M 20 0.24
455 20 M 120 0.45
~0.2 43.5 60 S 20 0.28
45.5 20 S 20 0.38
/// Ho.1 180 0.14
360 0.09
| L | 0

1 1
e ‘2' 0O 2 4 6 8 |0 ¢ Each temperature entry indicates a separate experiment in which Vpux
/THYMIDINE (uM)"! values were obtained from initial uptake rates or values.
> M=monolayer; S=suspension culture.

Slusser et al. (1982) JNCI 61:85-87
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Protein inactivation
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PERCENT NATIVE ACTIN
)

Cytoskeletal reorganization

2|
g

Cell type Stress-treatment MF? IF¢
Rat hepatoma (H35) 30/, 43°C X© +° +
Mouse neuroblastoma N2A 30, 43°C + X X
Mouse neuroblastoma N2A 60', 100 ;M arsenite + X X
Mouse neuroblastoma N2A 30/, 45°C I + +
C;H-2K fibroblasts 30', 43°C X nd' nd
CHO cells 5, 45°C X nd nd
CHO cells G1,8 5-35, 45°C X X X
CHO celis G1 60-150', 43°C nd X nd
C3H 10T1/2 fibroblasts 30, 45°C X X +
3T3 fibroblasts 30, 45°C X X +
3T3 fibroblasts 30/, 43°C nd X nd
Chicken embryo fibroblasts 3h, 45°C + * X
Chicken embryo fibroblasts §'-1h, 45°C nd nd X

3h, 45°C - nd nd +
Mouse mammary epithelial cells 15, 45°C X + X
Normal human fibroblasts 30/, 45°C X - +
Drosophila cells 10/, 37°C nd nd X
Hela cells 12h, AzC? + + X
Gerbil fibroma cells 16h, AzC »>P + X
Rat embryo fibroblasts 3h, 43°C > + X
Rat embryo fibroblasts SmmM, AzC > + X

o 10 20 30 40 50

TIME  (min)

Heacock et al. (1982)
JNCI 61:73-75

*MF =microfilaments
YMT = microtubules
“IF = intermediate filaments.

%X = reorganization or ‘destruction’

*+ =‘intact’
fnd =not done
EAzC=rproline analog

>>=increase in number (stress fibres)

Coss & Linnemanns (1996) Int.

J. Hyperthermia 12:173-196
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RELATIVE Oy UTILIZATION

Oxygen consumption
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CELL SURVIVING FRACTION
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Cell killing by heat
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Dewey et al. (1977) Radiol. 123:463-474
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Factors influencing cell killing

= Cell type

= Cell cycle

= Hypoxia

n pH

= Metabolic status



Single Cell Surviving Fraction

“ Single Cell Surviving Fraction

01

00

0o

Cell type

45°C

Chinese Hamster Ovary '
(CHO-10B) 3

2 3 4 5

Human

42.5°C

43°C

Malignant Melanoma
(HTB-66)

3 ) 5 6 7

Time in Hours

415 425 43.5 44.5 45.5

Rodent

o FHuman

10,

Q1

001 ol i N .
318 ny 316 NS 314

1T % 10°(°K)

Roizin-Towle & Pirro (1991)
IJROBP 20:751-756
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Cell cycle
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SURVIVING FRACTION
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Overgaard & Bichel (1977)
Radiol. 123:511-514

Surviving Fraction
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Surviving Fraction

Metabolic status
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Kim et al. (1978) Cancer

Res. 38:2935-2938
Hahn (1974) Cancer Res. 34:3117-3123
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Additional factors influencing
heat response

= Thermotolerance
= Step-up heating
= Step-down heating



Surviving Fraction

Thermotolerance
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SURVIVAL
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RELATIVE SURVIVAL
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RELATIVE SURVIVAL
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Step up heating

Step down heating
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Kato et al. (1995) Med. Hypotheses 45:11
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RELATIVE SURVIVAL
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TUMOR GROWTH TIME, DAYS‘

In vivo effects in tumors
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Thermotolerance ratio
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In vivo effects in normal tissues

Table 1.
Time—-temperature relationships for thermal injury in normal tissues
Tissue Endpoint Temperature Transition Time factorfor1 °C  Temperature Authors
range (°C) temperature for 60 minutes
°C Below  Above °C
42.5°C 425°C
Testis of mouse 50 per cent weight loss 39.543.8 No transition - 2.2 41.3 Hand et al. (1579)
Jejunum of mouse 50per cent crypt loss 42.0-44.5 42.3 8 2.2 42.4 Hume etal. (1979a)
Jejunum of mouse LDy, 43.046.0 2.0 42.4 Henle (1982)
Jejunum of hamster LD, 42.5-44.5 2.0 43.3 Milligan eral. (1984)
Tail of baby rat Stuntingin 5 percent 42.0-46.0 2.0 43.3 Morris ezal. (1977)
Pinna of mouse Necrosis in 50 per cent 41.5455 421 6 2.0 43.3 Lawetal. (1978)
Skin of rat Delay of hair growth 42.0-46.0 18 43.4 Okumura and Reinhold
(1978)
Tail of baby rat Necrosisin 50 per cent 41.8-46.0 42.8 6 1.8 43.4 Field and Morns (1983)
Foot of mouse Loss of toe in 50 per cent 42.5-45.5 22 43.6 Overgaard and Suit
(1979
Foot of mouse Loss of toc in 30 per cent 41,546.5 42.5 5 1.9 44.8 Urano et al. (1984)
Foot of mouse Skinresponsein S0percent 43 .5-45.0 2.0 44.8 Robinson eral. (1978)
Foot of mouse Loss of feet in 50 per cent 43.0-49.0 2.0 457 Crile (1963)
Skin of pig and man Threshold for necrosis 44,0-55.0 22 46.5 Moritz and Henriques

(1947)

Law (1988) Hyperthermia & Oncology 1:121-159
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Law (1988) Hyperthermia
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Foot Response Score

Step-up/down heating
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Miyakoshi et al. (1983) IJROBP 9:1527-1532
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