Az alacsony doézisteljesitméinyfolyamatos sugarza
biologial hatasa: brachiterapia
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Figure 18.1 The range of dose rates over which repair,
reassortment and repopulation modify radiosensitivity
depends upon the speed of these processes. From Steel
et al (1986), with permission.
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Figure 7.3 The lethal, potentially lethal (LPL) damage
model of radiation action.
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Figure 7.4 The contrast between lesion-interaction
models and repair-saturation models. The LPL
model; (B) the effect of repair becoming less effective
at higher radiation doses;: (C) the basic cor t of
repair saturation. Adapted from Goodhead (1985
with permission.




A dozisteljesitmény hatasa a sejtek tulelesére
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Figure 18.2 Cell survival curves for a human melanoma
cell line irradiated at dose rates of 150, 7.6 or 1.6
cGy/min. The data are fitted by the LPL model, from
which the lines A and B are derived (see text). From
Steel et al (1987), with permission.

Dose-recovery factor (DRF)
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Figure 5.9. Survival curves for Hela
cells exposad to y=rays at high and low
dose rates.
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Figure 5.10. Dose-response curves for Chinese hamster cells (CHL-F ling) grown in wire and ex-
posad to cobalt-60 y-rays at various dose rates. At high doses a substantial dose-rate effect is evi-
dent even amaong 1.07, 0.3, and 0,16 Gy/min (107, 30, and 16 rad/min). The decrease in celt killing
becomeas even mare dramatic as the dose rate is reduced further. (From Bedford JS, Mitchell JB:
Dose rate effects in synchronous mammalian cells in culture. Radiat Res 54:316-327, 1973, with

RErmissian.}
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Figure 18.3 Cell survival curves for three human tumour
cell lines irradiated at the low dose rate of 1.6 cGy/min.
HX143, neuroblastoma; GCT27, germ cell tumour of
the testis; HX34, melanoma. From Steel (1991), with
permission.




=
=
o
1
T
J
=
=
=
i
o

DOSE (Gy) DOSE [Gy)

Figure 5.11. Dose—survival curves at high dose rates [HDR) and low dose ratas (LOR) for a large
number of cells of human origin cullured i wira, Mote that the survival curves fan out at low dose
rates because in addition to a range of inherent radiosensitivities (evident at HDR) there is also a
range of repair timeas of sublethal damage.
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Inverz dozis-teljesitmeny

Figure 5.13. The inverse dose-rale
effect. A range of dose rales can be
found for Hela cells such that lower-
ing the dose rate leads to mare cell
killing. At 1.54 Gy/h (154 rad/h), cells
are "frozen” in the various phases of
the cyele and do not progress. As the
dose rate is dropped to 0.37 Gy'h
137 rad/h), cells progress 1o & block
in Gz, a radiosensitive phase of tha
cycle. (From Mitchell JB, Bedford J3,
Bailey SM: Dose-rate effects on the
cell eycle and survival of 533 Hela
and V79 cells. Radiat Res 7%
H20-536, 1979, with permission.)




A dozisteljesitmeny hatasa a normal szévetekre
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Figure 5.12. Response of mouse jgjunal crypt cells irradiated with -rays from cesium-137 over a wide
range of dose rates, The mice wars givien total-body irradiation, and the proportion of surviving crypt
cells was determined by the appearance of regenerating microcolonies in the crypts 3 days later, Mote
the: large dose-rate effect. (From Fu K, Phillips TL: Radiology 114:703-716, 1975, with permissicn.)
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Figure 18.4 The dose rate effect
for pneumonitis in mice. The
full line fitted to the data was
calculated on the basis of the
incomplete repair model: the
broken line shows its extrapola-
tion to very low dose rates. The
boxes on the right show the
EDy, values for fractionated
irradiation. From Down et g/
(1986), with permission.




Alacsony dozisteljesitmefyfolyamatos besugarzassal lehet a terapiat a
legrovidebb id alatt befejezni, a maximalis szoévet helyreallitas mellett

ED,;=34Gy=17napx2(

ED.,= 34 Gy = 2 cGy/perc folyamatos = 28 dra




Doézisteljesitmeny hatasa normal szovetekben
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Figure 18.5 The dose rate effect in normal tissues of the
mouse: L = lung, G = gut, E = epilation, M = bone
marrow. Full lines refer to left-hand scale, dashed lines
to right-hand scale. See Steel e g/ (1986) for sources.




|zoeffektus 6sszefliggések a frakcionalt és az amgcdozis-
teljesitmenyi besugarzas kozott

Inkomplet repair modell
E =aD + [(3D%g
g — 1do-fuggo recovery faktor, fligg a repe

felidejé®l (T,,,) €s az expozicios &bl

g=2{ut—1+exp(pt)}/ (pt)?
u=0,693/T,




Inkomplet repair faktor (g) folyamatos besugarzsetén

BED = D {1 +Dg/a /B)}
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Figure 18.6 Isocffect curves calculated on the incomplete repair model (Thames, 1985) for fractionated, continuous
or fractionated low dose rate radiation exposure (the three panels are mutually isoeffective). Repopulation is ignored,
The o/ ratio is 10 Gy and the extrapolated response dose (BEDY) is 72 Gy, Adapted from Steel (1991) and Steel ef ol
(1989}, with permission.

30 x 2 Gy =1 cGy/ perc 6-8 Ayakcio = 5 cGy / pert

10 Gy 6 frakcio = 10 cGy / perc




A sejt-proliferacio hatasa

Frakcionalt besugarzas
BED =D{1 +d/@/B)} -K, T

Folyamatos besugarzas
BED = D{1 + gD/la/B)} =K, T

T — kezelési id
K, — a bioldgiai hatdsossag elvesztese (Gy/nap)

K, =0,693/6T)

T.— megketbzodeési idh
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Figure 18.7 Illustrating the effect of cell proliferation as
a function of dose rate. Isoeffect curves are shown for
no proliferation or with the doubling times indicated.
The calculations are based on a simple model of expo-
nential growth, ignoring radiation effects on the rate of
cell proliferation.
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Figure 18.8 Tumour response for a fixed level of late nor-
mal-tissue damage as a function of ( )} fraction number
or (B) exposure time in a single continuous dose. These
curves are recalculated and redrawn after Dale (1989),
as described in the text. The arrows in panel A indicate
the dose per fraction (Gy) at various points along the
curve for no tumour cell proliferation (K

r
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Brachiterapia
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TABLE 5.1. Characteristics of Radionuclides for nfracavitary or Interstitial Brachytherapy

Fhoton Energy, kel

Radionuclide Average Hange Hali-life HVL, mm lead

Comeentional
Cesium-137 Bo2 -
Iridium-152 A80 136—1080
I"‘.IE'l.".'
lodine-125 20 G—35
Gold-196 412 -
Americium-241 @0 —_
FPalladium-133 21 2023
Samarium-145 41 AE—61
Yiterbium-188 100 10—308

Data computed by Dr. Havindar Math, Yale University,
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Figure 5.16. Dose equivalent to 60 Gy (6,000 rad] in 7 days as proposed by Paterson {in 1963} a_nci
by Ellis (in 1968) based on clinical observation of normal lissue tolerance ar calculated from radio-
biclagic principles. The o/ ratios and the T1/2 for repair of sublethal damage were chosen far early
ar for late-responding tissues (see Chaptar 22).




Doézisteljesitmeny hatasa a tumor kontrolra es ac&kenyekre
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Figure 5.17. Local lwmor contral and necrosis rate at 5 years as a function of dose in patiants
treated for T1-2 squamous-cell carcinomas of the mobile tongue and the flaor of the mouth with in-
terstitial indium-192 implants. The patients were grouped according to whether the implant was char-
acterized by a high dose rate (above 0.5 Gy/h or 50 radih) or low dose rate (below 0.5 Gy/h or 50
radih). The necrosis rate is higher for the higher dose rate at all dose levels. Local turmor control dicd
not depend on dose rate provided the total dose was sufficiently large. (Data from Mazeron JJ, Si-
maon JM, Le Pechoux ©, et al: Effect of dose rate an local control and complications in definitive ir-
radiation of T1-2 squamous cell carcinomas of mobile tengue and floor of mouth with interstitial irid-

ium-122. Radiother Oneol 21:39-47, 1991 )
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Figure 5.18. Percentage of patients who
showed no lecal recurrence as a function of
dose rate in treatment for breast carcinoma oy a
combination of external-beam irradiation plus
Iridium-182 interstitial implant. The implant was
used to deliver a dose of 37 Gy (3,700 rad); the
dose rale varied by a factor of 3, owing to differ-
ant linear activities of the iridium-192 wire and
different volumes implanted. (Data from Mazeron
JJ, Simon M, Crock J, at al: Influence of dose
rale on local control of breast carcinema treated
by external beam irradiation plus iridium-192 im-
plant. Int J Radiat Oncol Biol Phys 21:
11731177, 1991.) !
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Figure 18.9 The likelihood of cure varies steeply with
distance from a point radiation source. The radius at
which failure occurs depends upon the steepness of the
survival curve at low dose rate. From Steel et al (1989),
with permission.
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cm (i.e. 75 Gy in 6 d)
which e

cates the volume within w

below 10-%. The stippled area indicates the volume
where survival is between 10-2 and 10-%, which is the
critical region for tumour control. For comparison,
panel B shows the type of profile that would be aimed
for with external-beam radiotherapy.




Alacsony doézis-teljesitméiiybrachiterapia ényei

Normal szdvetek kisebb terfogtat eri sugarzas

A legrovidebb i@ alatt lehet a terapiat befejezni




Nagy dozis-teljesitmeriypulzalo

Figure 5.19. Diagram illustrating the use of a computer-controlled remote afterloader to minimize
radiation exposure of personnel during brachytherapy. Catheters are implanted into the tumor, and
radiographs are made to check the validity of the implant using "durnmy” nonradicactive sources. The
catheters then are connected to a shielded safe containing the radicactive (irdium-192) sources,
which are transferred by remate control to the implant in the patient, The control panel is located out-
side a lightly shielded room. The sources can be retracted termporarily to the safe so that personnel
can care for the patient, thus effectively eliminating radiation exposura to personngl.




Osszefoglalas

*Alacsony dozis teljesitmefypesugarzas eseten a szuble
karosodasok a besugarzas alatt kijavitddnak.

*A kis dozis teljesitmeny/folyamatos besugarzassal a teré
ideje lerovidulhet.

Brachiterapia csokkentheti a besugarzott normaleted
terfogatat




