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Spindulinis gydymas

Spinduliné terapija (ST)
Radioterapija (RT)

* Aktinoterapija

Sinhonimai

* Jonizuojancioji spinduliuote (JS)

* Radiacija
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N Nuo ko viskas prasidéjo?

*1895 lapkricio 30 d. paskelbta apie rentgeno spinduliy atradimg. = s
1901 m. jteikta pirmoji Nobelio fizikos premija

*Nesuprato savo atrasty spinduliy biologinio poveikio

Photo from the Nobel
Foundation archive.

Wilhelm Conrad
Rontgen

* . : . :
Lederman M. The early history of radiotherapy: 1895-1939. Int J Radiat Oncol Biol Phys. 1981;7:639-648
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*1986 sausj E. H. Grubbe ekspermentuodamas pastebéjo savo kairés
rankos odos paraudimg - spindulinj dermatita.

*1986 sausio 29 — gydyti pirmi 2 pacientai.

*greitai pastebéta, jog Svitinami pacientai patiria spindulines rakcijas
(uzdegimas, epiliacija, leSiuky ir junginés pazeidimai)

*1986 sausio 29 Glover Lyon paskelbé apie baktericidinj rentgeno
spinduliy poveik].

Fig. 1. X ray apparatus of Siemens and Halske (pre-1904)."*
The accumulator induction cotl and tube can be seen to the

right and the table to the left contains the interruptor and
resistances.

*Lederman M. The early history of radiotherapy: 1895-1939. Int J Radiat Oncol Biol Phys. 1981;7:639-648
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l\_T_\Q]_[ Nuo ko viskas prasidéjo?

* "§iuo metu radioterapijos naudojimas ne vézio gydymui yra grieztai
vengtinas”

Pries atrandant antibiotikus, chemoterapijg ir steroidus létiniy
uzdegiminiy ar infekciniy ligy gydymui buvo placCiai naudojamos mazos
radiacijos dozeés.

* “taCiau Siandien tai vertinama kaip tamsieji amziai ir turi bati pamirsta”

* . : . .
Lederman M. The early history of radiotherapy: 1895-1939. Int J Radiat Oncol Biol Phys. 1981;7:639-648
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N Nuo ko viskas prasidéjo?

1895 m. Antoine Henri Becquerel tyrinédamas urano druskas atrado spontaninj radioaktyvyma,
1898 m. Marie ir Pierre Curie atrado radj, polon;
1903 m. visiems jteikta fizikos Nobelio premija
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Photo from the Nobel
Foundation archive.

Photo from the Nobel Photo from the Nobel
Foundation archive. Foundation archive.
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N Brachiterapija (curietherapy)

Fig. 3. Intra-cavitary treatment of carcinoma of the epiglottis
(1908).*

Tllustrating method of applying the ray in cancer of the uterus.

Fig. 4. Treatment of carcinoma of the cervix (circa 1902).' The
tumor was exposed by a speculum made of glass, celluloid or
rubber. The perineum, buttocks and thighs were protected by
the tube shield in which there was an opening. The bulb of the X
ray tubc was placed over the opening in contact with the
speculum, which projected 2-3” beyond the vagina. After 1904
the intra-cavitary X ray tubes that became available were
preferred.

Fig. 7. Radium applicator for treating carcinoma of the tongue
and floor of mouth. R. A 50 mg tube filtered through two half
cylinders of 1 mm lead, which were placed on the dorsal side of
the tube to protect the overlying structures. The completed tube
was then wrapped in tarlatane (N) and sheet rubber (T)."

Lederman M. The early history of radiotherapy: 1895-1939. Int J
Radiat Oncol Biol Phys. 1981;7:639-648
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N Ra terapija

RADIUM THERAPY

The only scientific apparatus for the preparation of
radio-active water in the hospital or in the patient’s own
home.

This apparatus gives a high and measured dosage of
radio-active drinking water for the treatment of gout,
rheumatism, arthritis, neuralgia, sciatica, tabes dorsalis,
catarrh of the antrum and frontal sinus, arterio-sclerosis,
diabetes and glycosuria, and nephritis, as described in
Dr. Saubermann’s lecture before the
Roentgen Society, printed in this
number of the * Archives.”

DESCRIPTION.

The perforated e: rthenware “ ac-
tivator” in the glass jar contains an i ~» 0
insoluble preparation impregnated N RZiurenvelEBendrinti  Info...
with radium. It continuously emits
radium emanation at a fixed rate,
and keeps the water in the jar always
charged to a fixed and measure-
able strength, from 5,000 to
10,000 Maché units per litre
per diem.

MPFLIRD aY

RADIUM LIMITED,

9, MORTIMER STREET, LONDON, W,

Tnshons . W% MATIAM




https://en.wikipedia.org/wiki/Ernest_Lawrence

Ciklotronas
E. Lawrence, JAV

Kobalto teleterapijos jrenginy,
Harold E. Johns, Kanada
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https://en.wikipedia.org/wiki/Henry_Kaplan

DOI: 10.25103/jestr.102.04

Linijinis greitintuvas
Henry S. Kaplan, JAV

Gama peilis, Lars Leksell

-~

"DOI: 10.5124/jkma.2008.51.1.5

Daugialapis
kolimatorius

Radioterapijoje
panaudota KT, JAV

Kiber peilis, J. Adler, JAV

The CyberKnife was invented at Stanford by
John Adler. John studied with Lars Leksell

https://stanfordhealthcare.org/stanford-health-care-now/2014/cyberknife-
technology-20th-anniversary.html


http://dx.doi.org/10.5124/jkma.2008.51.1.5
http://dx.doi.org/10.25103/jestr.102.04

SBRT panaudota _ FDA patvirtino
JAV panaudota IMRT ekstrakranijiniams navikams tomoterapija VMAT

metodika l
1 1 1

Tomoterapija Pirmg kartg panaudota
P IMAT FDA patvirtino vaizdais valdoma ST

Cedric Yu radiochirurgijg
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NC Biologinis JS poveikis

1018-1012s  Atomy jonizacija. L
Sl

1012-10>s  Molekuliy suzadinimas. Laisvyjy radikaly gm_‘ ,Qg.::. . 3}‘&% e
susidarymas. Radiocheminés reakcijos. :(L?%ig F&{: %ggitgut% ~ad
iR R \&iv ‘” ﬂ%vs \_)

ss/hh Lasteliy funkcijos ir morfologijos pazeidimas.
Zuvimas.

dd/mm  Audiniy/organy spindulinés reakcijos ir
spinduliniai pazeidimai.

Metai Gyvenimo trukmeés sutrumpéjimas, antriniai
navikai, organizmo zutis.

Kartos Genetiniai pazeidimai (paveldimos ligos) ’ i m .*\x
(
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Radiojautrumas

Kauly ciulpai, limfocitai

lytinés lastelés

Akiy lesiukai, plauciai

Zarnq epitelio ir seiliy liauky Iastelés

Oda, stemple, burnos gleiviné

Jungiamasis audinys

Raumeny Iastelés

Nervinis audinys

Subrende eritrocitai
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¢

Radiobiologija

Repopuliacija

Repopulaticn

Hypoxic:
resistant core

Reparacija

Reoksigenacija
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Zarnu epitelio ir seiliy Laula lastelés

QOda, stemplé, burnos gleiviné

Radiojautrumas

Jungiamasis audinys

7 _A A 4 i * » - | ° . .
T%gg %  Redistribucija

Raumeny lastelés

Nervinis audinys

Subrende eritrocital




NACIONALINIS VEZIO INSTITUTAS

N spinduliné terapija (ST)

IS Y R S S | m—

* Vézio gydymo metodas, kurio metu naudojama
jonizuojancioji spinduliuote (JS)

e Taikoma >50% vézio atvejy*

* Delaney G, Jacob S, Featherstone C, Barton M. The role of radiotherapy in cancer treatment: estimating

optimal utilization from a review of evidence-based clinical guidelines. Cancer. 2005;104(6):1129-37 hitp://varanparto.com/en/product/clinac-ix/
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NC ST vieta vézio gydyme

* Kaip vienintelis gydymo metodas — radikalt ST
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NC ST vieta vézio gydyme

ST + chemoterapija kaip vienintelis gydymo budas — radikalus
chemospindulinis gydymas
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NC ST vieta vézio gydyme

* ST pries operacija — neoadjuvantiné ST

Blood
vessels

Anal

Sphincter -
canal

muscles

:ﬂ\{"*fé‘ — —Anal verge
Anal margin

(perianal skin)
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NC ST vieta vézio gydyme

* ST po operacijos — adjuvantine ST

Lung cancer
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NC ST vieta vézio gydyme

* ST simptomy palengvinimui — paliatyvi ST
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NCI JS sukeliami efektai

* Deterministinial (nulemtiejt):

— lemia Igsteliy zuty;

— priklauso nuo dozés; R

— nevirstjus slenkstineés efektai

Néra dozés slenkscio

dozés — simptomy nebuna;

Paveikty individy %
Dozés slenkstis

Radiacijos doze

* Stochastiniai (atsitiktiniai):

— susije su ilgalaikiu mazy JS doziy poveikiu.
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NCI Satutiniai reigkiniai — spindulinés reakcijos
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Uminés Létinés

Nuovargis Odos fibrozé, pigmentacija,

Odos pazeidimas teleangiektazijos, 1Sopéjimal

Glerviniy pazeidimas Fistulés

Pykinimas, vémimas Dubens spinduliné liga

Skonio pasikeitimas Nugaros ir galvos smegeny pazeidimai
Plauky slinkimas Kauly luziai

Galvos skausmas Plauciy pazeidimai

Antrinial navikai

Atminties sutrikimai

Slapinimost sutrikimai
e Tustinimosi sutrikimai
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N Spinduliniy reakcijy patogenezeé

Nofmalk Depletion/ . )
tissue —>» atrophy ——2> Repopulation —> | Early reactions
/ cells ~ 5 N 51
RT A S \x" Deterministic
/ /A\ AN effects
'I ’ 2 /7 X
/ Immune_) Inflammation —> Remodelling ——> | Late reactions
; system
/i A
4
. F Mutations
L / = Genomic Mutations/  _J | Second [Stochastic]
ROS > instability clonal expansion cancer effects

* Herskind C, Talbot CJ, Kerns SL, Veldwijk MR, Rosenstein BS, West CML. Radiogenomics: a systems biology approach to understanding genetic risk factors for radiotherapy toxicity ? Cancer letters.
2016;382(1):95-109. .
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NC Spindulinis dermatitas (SD)

* SD - JS biologinio poveikio

sukeltas odos uzdegimas

pasireiskia iki 95% ST gydomu
pacienty
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\TQ][ Konfokaliné atspindzio mikroskopija (IKAM)

* Principg aprasé M. Minsky ir bendraautoriai 1957 m;

Pin hole
Lens
Laser

Fiiter

Hofmann-Wellenhof, R., Reflectance Confocal Microscopy for Skin Diseases. Rainer Hofmann-Wellenhof, Giovanni Pellacani, Joseph Malvehy, Hans Peter Soyer ed. 2012, Berlin: Springer-Verlag. 484.
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¢

Kontokaliné atspindzio mikroskopija

Krypties Zymé

1

Metalinio Ziedo prilipinimas prie odos

VASt o,
505

1
0

Imersinio aliejaus tepimas ant odos

Polimerinis stikliukas klijuojamas prie metalinio Ziedo

Atliekama skaitmeniné dermoskopija Tepamas ultragarsinis gelis Pridedamas konfokalinis mikroskopas

Hofmann-Wellenhof, R., Reflectance Confocal Microscopy for Skin Diseases. Rainer Hofmann-Wellenhof, Giovanni
e Pellacani, Joseph Malvehy, Hans Peter Soyer ed. 2012, Berlin: Springer-Verlag. 484.
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NC

Egzocitozé

10 Gy

Stratum corneum

Stratum spinosum
{ b’ ¥

& /.

: P i . . Stratum basale " i
nelie ‘. ‘ -
https://uta.pressbooks.pubf/histology/chapter/integumentary-system/
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¢l ’ - 20 Gy

Stratum corneum

K/

B
~_ Stratum basale |
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https://uta.pressbooks.pubf/histology/chapter/integumentary-system/
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NCT 306y

Stratum corneum ]

& /.

» . - . Stratum basale ‘ :
e TIAO R " )
https://uta.pressbooks.pubf/histology/chapter/integumentary-system/

uzdegiminés lastelés dermoje (ULD)




40 Gy

Stratum corneum

;

Stratum basale @
. @

: ' \ o T
LA s ol ' 4 + e Vit S a "4’,"
https://uta.pressbooks.pubf/histology/chapter/integumentary-system/
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\T][ ” - 50 Gy

Stratum corneum

P S e

= -vg Stratum granulosum

Stratum basale |
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https://uta.pressbooks.pubf/histology/chapter/integumentary-system/

o
| ¥
‘%1'* "f“‘;"l-":’-“l

SR 00 pm

R

pazeistos dermos papilos (PDP)
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NC

Vis1 tiriamie]l

40 Gy

50 Gy

ULD

DE

PDP

103 (100%)
0
0
0

103 100%)
0
0
0

103 (100%)
0
0
0

103 (100%)
0
0
0

103 (100%)
0
0
0

75 (72.8%)
28 (27.2%)
0
0
46 (44.7%)
57 (55.3%)
0
0
99 (96.1%)
4 (3.9%)
0
0
103 (100%)
0
0
0
103 (100%)
0
0
0

28 (27.2%)
73 (70.9%)
2 (1.9%)
0
8 (7.8%)
88 (85.4%)
7 (6.8)

0
86 (83.8%)
17 (16.5%)
0
0
102 (99.0%)
1 (1.0%)
0
0
103 (100%)
0
0
0

9 (8.7%)
80 (77.7%)
14 (13.6)
0
0
59 (57.3%)
44 (42.7%)
0
54 (52.4)
47 (45.6)
2 (1.9%)
0
78 (75.7%)
24 (23.3%)
1 (1.0%)
0
102 (99.0%)
1 (1.0%)
0
0

3 (3.0%)
63 (62.4%)
35 (34.7%)

2 (1.9%)

0
18 (17.8%)
83 (82.2%)

2 (1.9%)
17 (16.8%)
77 (76.2%)

7 (6.9%)

2 (1.9%)
34 (33.7%)
57 (56.4%)
10 (9.9%)

2 (1.9%)
82 (81.2%)
19 (18.8%)

0
2 (1.9%)

1.(1.1%)
50 (54.3%)
41 (44.6%)
11 (10.7%)
0
7 (7.6%)
85 (92.4%)
T (10.7%)
2 (2.2%)
65 (70.7%)
25 (27.2)
11 (10.7%)
4 (4.3%)
43 (46.7)
45 (48.9)
11 (10.7%)
29 (31.5%)
58 (63.0%)
5 (5.4%)
11 (10.7%)
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N KAM predikciné verte

ST pradzioje atlikta KAM gali nuspéti SD laipsnj gydymo pabaigoje

Vienfaktorine Binariné logistiné regrecija

analizé

Kintamasis SS (95% PI) p Plotas (95% PT) p
KAMk01ef 10 fx: 1 o , 0.64
4.83 (1.78-13.2) 0.00 0.52-0.76)

0 - Ref. 0.022
KAM, 15 fx

1 14.5 (4.0-52.1) <0.001 0

_ ‘ <0.0001
0 Ref. (0.65-0.84)
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NC JS indukuoti antriniai navikai

* ~1 proc. svitinty pacienty
* Daznesni jauniems

e Daznesni motetrims

* Retkia daug laiko

e Priklausonuo:

— ST metodikos

— JS rusies

‘L . CONVENTION AL “CONFORMAL
- SVltlntOS Vletos / Organo Dj, Krauss. “An Overview of Image-Guided Radiotherapy (IGRT).” OMICS journal of radiology 2014 (2014): n. pag.
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N “Bystander” efektas

IS Y R S S | m—

* Fenomenas dél kurio nesvitintose lastelése vyksta panasus
pokyciai kaip 1r Svitintose;

* Lokalus mazo ploto apS$vitinimas sukelia greta esanciy audiniy
chromosomuy pazeidimus;

 Gali lemti greta ST taikinio esanciy audiniy antriniy naviky

atsiradima.
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NC I Galimi atokaus

* Lemia tarplasteliné saveika;
— svarbios “gap” tipo tarplastelinés jungtys;

— Didelio atstumo tarplasteliné komunikacija.

e [takos turi ir LR, citokinai, Ca jonai, mazos
RNR molekulés.

JS vetkimo mechanizmai

__q
® Cytokines

=> Reactive species
-~ DNA damage

@ Bystander cells

Genotoxic stress

2
L J
Cell

] e transformation
=

o TUMOR

LOCAL RESPONSE

DISTANT RESPONSE

mt’ Activated immune cells
(Macrophages, neutrophils,...)
ad

Immune cells
migration

[ 7
*Sprung CN, Ivashkevich A, Forrester HB, Redon CE, Georgakilas A, Martin OA. Oxidative DNA damage
caused by inflammation may link to stress-induced non-targeted effects. Cancer letters. 2015;356(1):72-81.
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