Az egészseéges szovetekben kialakulo sugarreak

A szOvetek proliferativ szervédese

hierarchikus
flexibilis
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Figure 3.1 Schematic outline of the proliferative
organization of (A) hierarchical and (B) flexible

normal-tissue systems.




Normal szovetekben bekdvetkezaltozasok sugarhatasra

Korai és kési mellékhatasok

A tinetek megjelenési ide




Korai mellékhatasok

A tliinetek megjelenési idejét a dozis nem befolyas

A tliinetek fennmaradasi ideje dozis figg

Gyorsan proliferalodo szovetekben a tinetek hanh
megjelennek
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Figure 3.2 The time—course of radiation induced

(A) normal skin; (B) plucked skin, showing a faster
development of reactions due to a shorter cell cycle
time. From Hegazy and Fowler (1973), with permission.




Kesoi mellekhatasok

A tunetek progredialnak

A tunetek sulyosabbak korai latencia
idonél

Konzekvencialis kés mellékhatasok
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Figure 3.3 The cumulative proportion of patients with
distinct telangiectasia as a functi
treatment with daily 2 Gy fractions. Note that
telangiectasia develops more quickly after higher total
doses and progresses over a number of years. From
Turesson and Notter (1986), with permission.




A tlinetek latencia idejét nem a sz
sugaréerzekenysege, hanem az ers
sor ideje befolyasolja
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Figure 3.4 Correlation of approximate latency times
(for development of moderate to severe radiation-
induced functional damage) with rate of proliferation
(i.e. labelling index) in different rodent tissues. Rapidly

proliferating tissues express their damage much earlier
than slowly proliferating tissues. Data derived from
various published sources.




Sejtproliferacios valtozasok besugarzas hatasara

Table 3.1 Cell turnover times and time of onset of compensatory proliferation in normal tissues

Tissue Cell turnover time (days) Time of onset (days) Authors

Control Stimulated

Jejunum 0.6 0.4 Dewit et al. (1986)

Skin 4 1 Denekamp et al. (1976)

Lung 82 2 Coggle (1987)

Spinal cord 144 Zeman et al. (1964)
Hornsey et al. (1981)

Kidney 144 11 Soranson and Denekamp (1986)
Otsuka and Meistrich (1991)

Bladder 200 9 Stewart (1986)

The data in this table are approximate:
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Figure 3.5 Cell proliferation in the epithelium of the
mouse bladder at 1, 3 and 9 months after irradiation
with 25 Gy. The proliferation rate increased significantly
from 3 months after irradiation but was not maximal
until 9 months, coinciding with the histological
appearance of hyperplasia and the occurrence of
functional deficit. From Stewart (1986), with
permission.
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Figure 3.6 Changes in the rate of proliferation in
type-11 pneumonocytes after thoracic irradiation of
mice with 12 Gy, compared with unirradiated mice.
From Coggle (1987) with permission.
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Figure 3.7 Kinetics of glial-cell proliferation in the
cervical spinal cord after a single dose of 20 Gy. In spite
of the late onset of functional damage (5-6 months),
an early wave of proliferation is observed. From
Hornsey et al. (1981), with permission.




Sugarreakciok egészséges szovetekben

Klonogeéen és funkcionalis hatasok




3000 RADS TOQ MOAT

TEST DOSE D TO
CENTRAL AREA

OBSERVED REGROWTH
OF SKIN NODULE IN
CEMTRHAL AREA

Figure 18.1. Technigue used o isolale an area of skin for experimental irradiation, A superficial (30-
kM) x-ray maching is used to irradiate an annulus of skin to a massive dose of about 3 000 rad (30
Gy). An isolated island of intact skin in the center of this "moat” is protected from the radiation by &
metal sphere. The intact skin then is given a test dose (D) and observed for nodules of regrowing
skin. {Adapted from Withers HR: Br J Radicl 40:187, 1967, with permission.)




Figure 18.2. Pholograph of a no
treated area. (Courtesy of Dr. H. K.




DOSE—RESPONSE FOR MODEL NORMAL TISSUES

DD~ 350 rap

Figure 18.3. Single-dose and two-
dose survival curves for epithelial
cells of mouse skin exposed to 29-
kVp x-rays. The 37% dose slope (Do)
is 1.35 Gy (135 rad). The ordinate is
not the surviving fraction, as in the
survival curves for cells cultured in
vitro, but is the number of surviving
cells per square centimeter of skin. In
the two-dose survival curve the inter-
val between dose fractions was al-
ways 24 hours. The curves are paral-
lel, their horizontal separation being

sponds to Dq. From a knowledge of
Dq and the slope of the survival
curve, Do, the extrapolation number,
n, may be calculated. (From Withers

| HR: Radiat Res 32:227, 1967; and
Aithe Q- =2 - ge /] : 2

5 1000 1500 LA A

DOSE IN RAD 1967, with permission.)
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Figure 4.1 Time-course of
epithelial and dermal
reactions in pig skin irradiated
with single surface doses of

40 Gy ?°Sr or 130Gy '°Tm
(solid and broken lines show
results on two individual skin

Moist desquamation
<1/2 Field -

Dry desquamation

fields). The marked difference
in radiation response is due to
the greater penetration of °°Sr

emission into the dermis. From
Hopewell (1986), with

permission.




Cell death
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TGF-a Alveolar
D TGF-B type-il cell

Progenitor

fibroblast
IL-1 Figure 4.2 Possible cellular

PDGF interactions and events after
irradiation of lung tissue.
Endothelial cell Modified from Rodemann

Terminally differentiated fibrocyte | X Cell death and Bamberg (7 995 )
(PMFVI): enhanced collagen synthesis Cytokines . .. ’
with permission.
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Figure 5.2 Time-course of mucosal reactions in patients
treated with conventional daily fractionation or an
aceelerated schedule, concomitant-boost type (frac-
tionsday for last 78 treatment days) to a dose of 6870
Gy. Score 4 is Tully confluent mucositis. From Kaanders
el al {1992), with permission.




Vekonybél

allows three-dimensional visualization of the jeju-
nal villi from the hamster. (Magnification x 175.)
(From Taylor AB, Anderson JH: Micron 3:430—453,
1972, with permission.)
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Figure 18.6. Survival curves for crypt cells in the mouse jejunum exposed 1o single or multiple
doses of ywrays (1-20 fractions). The score of radiation damage is the number of surviving cells
per circumference (i.e., the number of regeneraling crypts per circurnference of the jejunum)
counted from sections such as those shown in Figure 18.5. This quantity is plotted on a logarith-
mic scale against radiation dose on a linear scale. The Dy for the single-dose survival curve is
about 1.3 Gy {130 rad). The shoulder of the survival curve is very large. The separation between
the single- and two-dose survival curves indicates that the Dy is 4 to 4.5 Gy (400-450 rad). (From
Withers HR, Mason K, Reid BO, et al.: Cancer 34:39-47, 1974, with permission.)
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Figure 18.7. Effective single-
dose survival curve reconstructed
from multifraction experiments far
clonogenic cells of the jejunal
crypts of mice. The numbers on
the curve refer to the number of
fractions used to reconstruct that
part<af the curve. The initial and fi-
nal slopes are about 3.57 and
1.43 Gy (357 and 143 rad), re-
spectively, The quasithreshald
dose is 4.3 Gy (430 rad). The data
are equally well fitted by the lin-
ear-quadratic formulation, (From
Thames HD, Withers R, Mason
KA, Reid BO: Dose survival char-
acteristics of mouse jejunal crypl
cells, Int J Radiat Cneol Biol Phys
7:1581-1597, 1981, with permis-
sion.)




DOSE-RESPONSE FOR MODEL NORMAL TISSUES

Figure 18.11. Photomicrographs of mouse kidney. A: Normal, showing proximal tubules in contact
with capsule. (Hematoxylin—eosin stain, magnification x400) B: Sixty weeks after 13 Gy (1,300 rad).
Note normal proximal tubules and glomeruli amid ghosts of deepithelialized tubules. One epithelial-
ized tubule is in contact with capsule. (Hematoxylin—eosin stain, magnification x200) (From Withers
HR, Mason KA, Thames HD: Late radiation response of kidney assayed by tubule cell survival. Br J
Radiol 59:587-595, 1986, with permission.)




Figure 18.12. Dose—survival curve
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for tubule-regenerating cells. The Dy is
1.53 Gy (153 rad). (From Withers HR,
Mason KA, Thames HD Jr: Br J Ra-
diol 59:587-595, 1986)




Kozponti idegrendszer es gerinayel
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Figure 4.4 Schematic
outline of tissue
components and cell
types and their potential
role in the
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in the central nervous
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Figure 5.4 Recovery characteristics of two types of
injury in the rat spinal cord (early white-matter necrosis
and late vascular damage) after split-dose irradiation
with different time intervals. Adapted from van der
Kogel ef al (1982), with permission.
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Figure 18.23. Dose—response curvas for the induction of hind-leg paralysis in rats following irradia-
tion of a section of the spinal cord (L2-L5). Note how the dose necessary to produce paralysis in-
creases rapidly with increasing number of fractions. (Redrawn from van der Kogel AJ: Late Effects
of Radiation on the Spinal Cord, pp 1-160. Rijswik, The Metherlands, The Radiobiolegical Institute of
The Organization for Health Research THNG, 1979, with permission.)
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Figure 18.24. The data points show total dose, as a function of dose per fraction, to produce paral-
ysis in 50% of rats after irradiation of the spinal cord, The curve is an isoeffect relationship based on
the linear-quadratic equation with an o/ of 1.6 Gy, The experimental data suggest that the linear-
quadratic model overestimates tolerance for dose per fraction values less than 2 Gy, This may be a
result of incomplete repair, because the interfraction interval was only 4 hours. (Adapted from varn
der Kogel AJ: Gentral nervous system radiation injury in small animal models. In Gutin FH, Leibel
SA, Sheline GE [eds]: Radiation Injury to the Nervous System, pp 91-112. New York, Raven Press,

1991, with permission.}
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Figure 4.5 Evidence for two phases of radiation

response in the mouse lung. Using breathing rate as a

measure of damage, two waves of response are seen

after single doses (panel A). (B, C) Split-dose irradiation,

especially with a gap of 28 days, reduced the severity of

the first phase (acute pneumonitis), but had little effect
b corond-phase (fibrosis). Arrows indicate the

death of individual mice. From Travis and Down (1981),
with permission.




34 Radiation response and tolerance of normal tissues

Table 4.1 Normal-tissue tolerance doses and &/B values
Tissue End-point Risk (%) Dose* (Gy) a/B ratio (Gy)

Desquamation 50 55-60 10-12
Fibrosis 5 60-65 2-3
Telangiectasia 55-60 3—4
onfluent-mucositi | 65-70 ~10
Small intestine Late fibrosis, fistulae 50
Colon, rectum Late fibrosis, fistulae 60
Brain, spinal cord Necrosis 50
60
Nerve plexus Demyelination, fibrosis 65
Lung Pneumonitis 20%*
Heart Pericarditis 3540
Pericarditis 50-60
Cardiomyopathy 30-36
Ischaemic heart disease 30
Kidney Glomerulosclerosis 20%*
Liver Hepatitis, VOD 25-30**
Bladder Cystitis, ulcers 60-65

*Delivered as 2 Gy per fraction.
Whole organ irradiated, parti

volume-tolerance nuch higher: VOD, veno-occlusive disease.

The tolerance doses and associated risks should be considered as approximations, and only for conventional
daily fractionation with fraction doses of 2 Gy of high-energy photons. Irradiated volumes are generally large,
and tolerance doses may increase with volume reduction, but the volume effect is widely different for
different organs (see Chapter 5).




A besugarzott térfogat hatasa

SzoOveti szervaxlés

SOros

parhuzamos elrendédeés
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- he influence of field-size on biological
response in pig skin (A) and rat spinal cord (B) after
single-dose irradiation with small fields. In each case
there is a steep rise in EDs, as field-size is reduced below
10 mm, with very little change in ED<, for larger
field-sizes. From Hopewell and Trott (2000),
with permission.
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Figure 5.2 For cord lengths below 10 mm, field-size
rather than total volume determines the response of
rat cervical spinal cord. The single fields (4, 8, 18 mm)
were centred around C5, the two concomitant 4 mm
fields were at C1/2 and C7/T1, separated by ~10 mm.
Data show the EDs, for induction of white-matter

necrosis. Statistical models predict a continuously
rising curve as shown. Unpublished results, A] van
der Kogel.
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Figure 5.3 Influence of change in field-size on spinal
cord damage in dogs. Increasing the field-size from

injury (dotted lines) than on the occurrence of severe
pathological lesions (solid lines). Redrawn from
Powers et al. (1998), with permission.
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Figure 5.4 Dose-response curves for radiation-induced
lung damage in pigs after irradiation with five
fractions, given to half of the right lung (O) or

to the whole right lung (@). Damage was assessed
from radiographic changes (A), histological evidence
of fibrosis (B), elevated hydroxyproline (collagen)

levels (C), or increased breathing rate (D). Only the
functional end-point demonstrated a volume effect.
From Herrmann et al. (1997), with permission.
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Figure 5.5 Time-related changes in glomerular
filtration rate in pigs in which one (O) or both (@)
kidneys were irradiated with a single dose of 12.6 Gy.
Panel A shows the change in individual kidney
function, as a percentage of control values, and
panel B shows the total renal function in the same
pigs. Redrawn from Robbins and Hopewell (1988).




5

5
=1,
-
=
[=]
-
143
&
[=%
-
=
o
L
-—
o
=
—

Irt J H:

oo
O,

with parmi

ooon
oOooo
cooo

oooo,




Luitarism




Osszefoglalas

» A normal szovetekben kialakuld sugarkarosodasolfeteatesi ideje és dozis-fliggese
a proliferativ szervexles fiiggvenye

»A gyorsan megujuld szdvetek hierarchikus szafdégiek, a latencia iédlnem fligg a dozistal,
a funkcionalis sejtek életideje szabja meg. A gy@y ideje dozis-fudy

» A lassan megujulo szovetek szerdeese flexibilis, a karosodasok megjelenési idepsddiggo

» A karosodott szdvetek a sejt-proliferacio felgydrsu

» A sugarkarosodasok kialakulasaban szerepet jaddibnogen sejtek pusztulasa, ades
mellékhatasok szempontjabol a beindulo citokin kadas fontos.

» A strukturalis sz6veti tolerancia a cellularis siegaekenysegt fligg, nem befolyasolja
besugarzott térfogat.

» A funkcionalis tolerancia a szbvet szervezeti fategedl fligg, befolyasolja a besugarzott
terfogat
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