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Il cancro ¢ una delle principali cause di morte in tutto il mondo
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Qualche statistica
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Incidenza dei tumori
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L'incidenza del cancro € in aumento, ma la mortalita e in diminuzione
* Diagnosi precoce piu efficace

* Maggiore consapevolezza e prevenzione

* Progressi nella ricerca sul cancro
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Trattamenti con radiazioni

Il trattamento del cancro include la chirurgia, la chemioterapia, 1a immunoterapia...
ma la radioterapia si distingue:

> * Non invasivo

Trattamento mirato

Efficace se combinato

Rapido

Pochi effetti collaterali

Ma...
Cosa significa “trattare” il cancro con le radiazioni?
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Le sorgenti della radiazione

Lamina di alluminio
Foglio di carta %

Tipo di
radiazione

\\\\\\

B
(@ WELKOMART .
»# Blocco di acqua

o di calcestruzzo
Placca di piombo

WL\

W

X Radiazione ALFA: nucleo di elio-4
ﬁ Radiazione BETA: elettroni o positroni
X,ZS Radiazione X/GAMMA: radiazoine elettromagnetica (fotoni)
N Radiazione di neutroni: neutroni emessi dal nucleo
atomico spontaneamente o durante la fissione nucleare

'-

protoni, ioni di elio, carbonio, ossigeno:

protonterapia e adroterapia

elettroni:

(radio)terapia con elettroni

raggi X o gamma:
radioterapia o terapia con fotoni
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Cos’e il cancro

Mutazioni casuali nelle cellule

Proliferazione incontrollata

NORMAL CELLS

' b .
|
'
‘ ‘ ‘
' !
' 1
' !

CANCEROUS CELLS

* Trasformazioni influenzate da fattori

ambientali, genetici e metabolici

* Possono impiegare settimane o mesi

per proliferare

Many cells that Variations in Nucleus that Abnormal Cluster of
continue to grow  size and shapes is larger and number of cells without a
and divide of cells darker than chromosomes boundry
normal arranged in a

disorganized
fashion
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Danni da radiazione

In che modo la radiazione danneggia le cellule? Ionizzazione— rottura dei
legami molecolari del DNA

Cellula

DNA

AN

Molecola complessa, formata da:

* Nucleotidi:
zucchero (desossiribosio)

gruppo fosfato
base azotata (A-T C-G)

Nucleo * Doppio filamento con struttura ad elica
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Danni del DNA
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La radiazione colpisce le
molecole d’acqua

Produzione di radicali
liberi

4

Danni del DNA

Diretti

Le radiazioni

colpiscono il DNA
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Danni diretti al DNA

Il DNA si trova nel nucleo Danni del sineolo fil ) Danni doboi dei
e nei mitocondri anni del singolo filamento anni o.ppl ei
(SSB) filamenti (DSB)

rottura del singolo filamento rottura di entrambi

Diversi tipi di danno diretto

i filamenti
Di solito solo i danni a singolo | m S PQ

filamento (SSB) sono riparabili
danno a base / zucchero

5,
s Pscnss 3V complex DSB

e III/I\I‘QII'ITIT\ danni multipli m m
= rm—r / [ Base Modification | 4.

Break

uble Strand Cells are able to repair
' | | radiation induced DNA damage
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Danni indiretti al DNA

I1 DNA ¢ un bersaglio molto piccolo, non lo ¢ il nucleo! N

Radiation H.,O captured e’
charged particle ®
< @ ./,,& e
™,
/N split
@
. (@)
@ N

1.0 /" e\ split
/ / \
[ ; |
water ionization @ | ] » —
* \.!/" »
NS
S W

9e
H,O* ionized

free radical
(H . . L .
. * lonizzazione di bio-molecole (tra cui H,0)
/e O\ * Produzione di radicali liberi — molto reattivi
ol (@)} L
¢ \'\’ "/f * Reazioni con altre molecole
1ons
@
o Es. H O — OH:, H: radicali - H O
VN 2 272
¢
® \‘./ J — HO, (alta [O])
oo
free radical

I radicali liberi sono i principali responsabili per i danni da radiazioni ionizzanti su tessuti biologici
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Dose assorbita -

Come si misura I’esposizione alle radiazioni? Dose assorbita

LB Y
dm lkg

distribuzione di dose in un trattamento con RT

Energia depositata dalla radiazione ionizzante per unita
di massa
La dose non misura il danno, solo I’energia depositata!

La dose di un tipico trattamento ~ 60-70 Gy
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Cosa influenza il danno?

Argomento molto complesso, ma principalmente:

Dose

Tipo di radiazione (raggi X, elettroni, adroni, ecc.)
Radiosensibilita dei tessuti

Concentrazione di ossigeno

Duplicazione delle cellule dei tessuti
Differenziazione cellulare (down)

Ciclo cellulare

Molti altri...

\

Dose effettiva

l

* Misurata in Sievert (Sv)

* Misura i danni/effetti da radiazione!

13/03/2025
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Dose assorbita vs dose effettiva

Dose assorbita Dose effettiva

* energia depositata

l

quantita fisica
[Gy]

* energia depositata
* effetti biologici

l

quantita biofisica
[Sv]
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Gli effetti del danno da radiazione

SOMATICI . |:|‘> Deterministici
(su persona esposta) Ef fect x Dose over threshold
0 * Eritema, avvelenamento da radiazione,
cataratta, etc.
* Sopra una soglia molto alta

GENETICI | . I|> Stocastici
(su prole, gonadi) Probability of ef fect < Dose

* Mutazioni, tumori, etc.

* Probabilita molto bassa

13/03/2025 16



Gli effetti del danno da radiazione

Ricordate che siamo continuamente esposti alle radiazioni

* Raggi cosmici

Radioattivita naturale (cibo, suolo, ecc...)

Medicina nucleare e diagnostica
* Etc...

Sources of Radiation Exposure
Industrial < 0.1%

Consumer 2%

Terrestrial 3%

Occupational < 0.1%

Internal 5%
— Space 5%

Computed Tomography 24%

Medical Background

Nuclear Medicine 12% Radon & Thoron 37%

Interventional Fluoroscopy 7%

Conventional Radioaraphv/Fluoroscopyv 5%

13/03/2025
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Limiti di esposizione alle radiazioni

E la quantita che fa la differenza!

* L'esposizione alle radiazioni ¢ ben nota e strettamente regolamentata
* [ limiti annuali per il pubblico (1 mSv) e per i lavoratori (6-20 mSv)
sono altamente al di sotto della soglia comprovata

di probabilita di tumore (200 mSv)

* Il background naturale non ¢ lo stesso ovunque!

Ma che significano questi numeri?

ypical annual
A . <13
1.3-1.5 [
15-20 B8
20-30 8
30-50
5.0-10.0 [}
>10.0 i}

e
Natural background radiation exposure

13/03/2025
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Alcuni esempi

Radiation Dose Chart

is @ chart of the ionizing rodiotion dose a person con obsorb from vorious sources. The unit for obsorbed dose is “sievert” (5v), ond meosures the effect o dose of radiation
have on the cells of the body. One sievert (all at once) will moke you sick, ond too many more will kill wou, but we safely obsorb small amounts of natural rodiation doily.

Thiz
will

—_—

Note: The zome number of sieverts obsorbed in a shorter time will generally couse more domage, but wour cumulotive long-term dose plavs o big role in things like cancer risk.
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one normal day (18 WS

Airplane flight from New York to L& (48 pSv)

A

= Using @ cell phone (B pSv)-o cell phone's transmitter does
not produce ionizing rodiotion® and does not couse cancer

-

# Unless it's a bananaphone.
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a nuclear power plont (38 WSv)
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Dose from spending an
hour on the grounds at
the Chernobyl plant in
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/
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one station ot the north-
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Airplane flight from New York to L& (48 pSv)

A

= Using @ cell phone (B pSv)-o cell phone's transmitter does
not produce ionizing rodiotion® and does not couse cancer

# Unless it's a bananaphone.
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EP4 vearly release target for
== v

Dose from spending an
hour on the grounds at
the Chernobyl plant in
2818 (6 m3v in one spot,
but varies wildly)

Chest
CT scan
(7 mw)

U5 rodiation workers (58 m3v)
o I

Radiation worker
ohe-year dose
limit (58 mSv)

@ All dozes in Lowest one-yedr dose

green chart clearly linked to
anbined increased cancer
{~75 mSv) risk (188 mSv)

Approximote total dose at
one station ot the north-
west edge of the Fukushima g

exclusion zone {48 mSv) B

Dose causing symptoms of
rodiation poizsoning if
received in g short time
(488 nSv, but varies)

Dose received by two Fukushima g
plant workers (~188 mSv) Bl

EPA guidelines for emergency
gituations, provided to
ensure quick decizion-making:

Severe radiation

poisoning, in
=ome cases fatal
(2808 mSv, 2 Sv)

Dose limit for emergency
workers protecting waluable
property (188 mSv) §

Dose limit for emergency o

workers in lifesaving

Usually fatal radiation
operations (258 m3v)

poizoning. Survival occa-
sionally possible with
prompt. treatment (4 Sw)

Fotal doze, ewen with treatment (& Sw)

Yearly doze from
natural potassium in
the body (398 uSv)

EPA wearly limit on
radiation exposure
to a single member
of the public

{1 m3v=1,808 uSv)

Typical dose over
two weeks in Fuk
shima Exclusion
Zohe (1 m3v, but
areas northwest
far higher doses)

Head
CT Scan
(2 mw

MNormal yearly background
dose. About 85% is from
natural sources. Nearly
all of the rest is from
medical scans {~4 mSv)

m = (A.A5 pEv)

—

= noiA i:;;/////////

Ten minutes next to the DOODOOOOOO [a ’

= O{Z8 psv)

= ol 5v)

Chernobyl reactor core after EEEEEEEEEE
explosion and meltdown (58 5v) EOO0O0OO0O

Sources:
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Radiation Dose Chart
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This is @ chart of the ionizing radiotion dose o person con obsorb from various sources. The unit for obsorbed dose is “sievert” (5v), ond medsures the effect o dose of radiation
will have on the cells of the body. One sievert {all at once) will moke you sick, ond too many more will kill wou, but we safely obsorb small amounts of natural rodiation doily.
Note: The zome number of sieverts obsorbed in a shorter time will generally couse more domage, but wour cumulotive long-term dose plavs o big role in things like cancer risk.

- ~ -
B Sleeping next to someone (B.B5 LS \-I

Living within 58 miles of a nuclear
power plont for o year (.89 uSv)

Eating one banana (8.1 pdv)

Living within 58 miles of a coal
power plant for o wvear (8.3 pSv)

AT x-raw
{1 pSvl

Uzing o CRT monitor
for @ year (1 pdv)

EP4 wearly release torget for
a nuclear power plont (38 WSv)

B Chest x-ray {28 pSv) BO

— ALl the doses in the blue
B8 chort combined (~68 LS}

Dose from spending an
hour on the grounds at
the Chernobyl plant in
2818 (6 m3v in one spot,
but varies wildly)

@ Extro dose to Tokwo in weeks following
B Fukushimo accident (48 uSv)

mg Living in a stone, brick, or concrete
BB huilding for o year {78 uSv)

Average total dose from the Three
== Mile Islond accident to someone

Source: https://xkcd.com/radiation/ [

Livipo yithin 18 pil

Approximote total dose at
one station ot the north-
west edge of the Fukushima g

exclusion zone {48 mSv) B

Doge received by two Fukushima
plant workers {~188 mSv)

EPA guidelines for emergency
gituations, provided to
ensure quick decizion-making:

Dose limit for emergency
workers protecting waluabl
property (188 mSv)

Dose limit for emergency
workers in lifesavin
operations (258 m3v)

Extra dose from spending one dov in
an areq with higher-than-overage
natural background rodiation, such
as the Colorado plateau (1.2 p3v)

Dental x-ray (5 uv)

Chernoby | reactor core after
explosion and meltdown (58 Sv)

Ten minutes next to the

even with treotment (& Sw)

Radiation worker
ohe-year dose
limit (58 mSv)

Lowest. one-yeor dose gn
clearly linked to
increased cancer
risk {188 mSv) 58

@ ALl dozes in
green chart

combined

{~75 mSv)

Dose causing symptoms of
rodiation poizsoning if
received in g short time
(488 nSv, but varies)

Severe radiation

poisoning, in
=ome cases fatal
(2808 mSv, 2 Sv)

Usually fatal radiation
poizoning. Survival occa-
sionally possible with
prompt. treatment (4 Sw)

Background dose received
by an average person over
one normal day (18 WS

Airplane flight from New York to L& (48 pSv)

A

= Using @ cell phone (B pSv)-o cell phone's transmitter does
not produce ionizing rodiotion® and does not couse cancer

# Unless it's a bananaphone.

Maximum
external dose
from Three
Hile Island
accident

g (1 mSv

EPA wearly limit on
radiation exposure
to a single member
of the public

{1 m3v=1,808 uSv)

Typical dose over
two weeks in Fuku-
shima Exclusion
Zohe (1 m3v, but
areas northwest sow
far higher doses)

Head
CT Scan
(2 mw

MNormal yearly background
dose. About 85% is from
natural sources. Nearly
all of the rest is from
medical scans {~4 mSv)

m = (A.A5 pEv)

= O{Z8 psv)

= ol 5v)

= = (1A nSv)

Ten minutes next to the DOODOOOOOO
oot [=)

Chernobyl reactor core after pooooooooo
explosion ond meltdown (58 Sv) HEEEHOS080

Sources:
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Radiation Dose Chart

This is @ chart of the ionizing radiotion dose o person con obsorb from various sources. The unit for obsorbed dose is “sievert” (5v), ond medsures the effect o dose of radiation
will have on the cells of the body. One sievert {all at once) will moke you sick, ond too many more will kill wou, but we safely obsorb small amounts of natural rodiation doily.
Note: The zome number of sieverts obsorbed in a shorter time will generally couse more domage, but wour cumulotive long-term dose plavs o big role in things like cancer risk.
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Source: https://xkcd.com/radiation/ [

| Chest x—: 28 S EP4 wearly release torget for
est x-ray (20 1Sv) B g huclear power plont (38 u3v)

— ALl the doses in the blue
B8 chort combined (~68 LS}

Dose from spending an
hour on the grounds at
the Chernobyl plant in
2818 (6 m3v in one spot,

@ Extro dose to Tokwo in weeks following
B Fukushimo accident (48 uSv)

Living within 58 miles of a coal
power plant for o wvear (8.3 pSv)

elliving in o stone. brick. or concrete
= =

AT x-raw

Uzing o CRT monitor
{1 pSvl

for @ year (1 pdv)

m Living within 58 miles of a nuclear
® power plant for a year (8.89 uSv)

Extra dose from spending one dov in
an areq with higher-than-overage
natural background rodiation, such
as the Colorado plateau (1.2 p3v)

EP4 wyearly release
IETRE F“ o] r=i

[

Maxinum vear Ly dose permitted for US radiation workers (58 mSv)
AEATINIR L S A 2 —— — —

‘--\_‘_\_

Radiation worker
ohe-year dose
limit (58 mSv)

@ All dozes in Lowest one-yedr dose

green chart clearly linked to
anbined increased cancer
{~75 mSv) risk (188 mSv)

Approximote total dose at
one station ot the north-
west edge of the Fukushima g

exclusion zone {48 mSv) B

Dose causing symptoms of
rodiation poizsoning if
received in g short time
(488 nSv, but varies)

Dose received by two Fukushima g
plant workers (~188 mSv) Bl

EPA guidelines for emergency
gituations, provided to
ensure quick decizion-making:

Severe radiation

poisoning, in
=ome cases fatal
(2808 mSv, 2 Sv)

Dose limit for emergency
workers protecting waluable
property (188 mSv) §

Dose limit for emergency o

workers in lifesaving

Usually fatal radiation
operations (258 m3v)

poizoning. Survival occa-
sionally possible with
prompt. treatment (4 Sw)

Fotal doze, ewen with treatment (& Sw)

Dental x-ray (!

Airplane flight from New Yor| >
.l

\‘

(28 psv)
= = (1A nSv)

DOO00oooo0

= Using @ cell phone (B pSv)-o cell phone's transmitter does
not produce ionizing rodiotion® and does not couse cancer

# Unless it's a bananaphone.

all of the rest is from
medical scans {~4 mSv)

Ten minutes next to the DOODOOOOOO ﬁ

explosion and meltdown (58 Svy BEE0O00COCO

L Chernobyl reactor core after pooooooooo

-

Sources: \

13/03/2025


https://xkcd.com/radiation/

Alcuni esempi

Radiation Dose Chart

This is @ chart of the ionizing rediotion doss o person con obsorb from vericus sources. The unit for obsorbed dose is “sievert™ (3v), and measures the effect o dose of rodiction
will have on the cellz of the body. Ome sievert {all at onced will moke vou zick, and Too many more will Rill you, but we sofely cbeorb swall amcunts of notural rediotion doily.
Note: The sore runber of sieverts absorbed in o shorter time will generally couse more damoge, bubt your cunulative long-term doge ploys o big role in things like cancer risk.
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Source: https://xked.com/radiation/
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" not. produce ionizing rodiation® and doss not couse concer. oo nedical sconzs (=4 mSv) : \
Sources: \

" unless s bananaseeee

13/03/2025 27


https://xkcd.com/radiation/

Qual e la radioattivita di Bologna?




CAEN gamma-EDU

* Rivelatore portatile per il rilevamento di sorgenti radioattive
nell'ambiente

* Tablet per acquisire e analizzare spettri in tempo reale

* [ dati possono essere salvati e condivisi per creare mappe di
radioattivita dell'area
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La radioattivita naturale di Bologna

Giardino Vittorina Dal Monte, Via Emilia Levante, Bologna

* La radioattivita naturale ¢ onnipresente
* Le sorgenti comuni sono minerali e materiali del suolo:

* Potassio-40: suolo, cibi, corpo umano...

GammaEDU &

uuuuu

Counts

900
Channels

. : minerali e suolo (— radon!) TR
o . . Time [mm:ss] 15:00
* Torio-232: minerali e suolo L
Latitude 44°28'53" N
* Viene misurata la loro emissione di radiazione gamma Ll M L
Isotope Cps Element Abundance
40K 7.8+0.1 K 19+0.1%
2087 1.2+0.0 Th 9.6+ 0.7 ppm
214Bj 1.2+0.0 U 2.1+£0.3 ppm
NEW -
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Sale da cucina: NaCl o KC1?

* Il cloruro di sodio (NaCl) ¢ il comune sale da tavola

* Il cloruro di potassio (KCl) viene usato come sostituto per diete iposodiche (contro
ipertensione, malattie vascolari, problemi renali)

* Entrambi sicuri e commestibili!

Abbiamo misurato la radioattivita di 500 g
di NaCl in un ambiente schermato...

10000

Counts

232Th

i i il o 1 A

900 1
Channels
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Sale da cucina: NaCl o KC1?

* Il cloruro di sodio (NaCl) ¢ il comune sale da tavola

* Il cloruro di potassio (KCl) viene usato come sostituto per diete iposodiche (contro
ipertensione, malattie vascolari, problemi renali)

* Entrambi sicuri e commestibili!

Abbiamo misurato la radioattivita di 500 g Come prevedete la radioattivita di 500 g
di NaCl in un ambiente schermato... di KC1?

10000

Counts

232Th

i i il o 1 A

| ——

900
Channels
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Sale da cucina: NaCl o KC1?

* Il cloruro di sodio (NaCl) ¢ il comune sale da tavola

* Il cloruro di potassio (KCl) viene usato come sostituto per diete iposodiche (contro

ipertensione, malattie vascolari, problemi renali)

* Entrambi sicuri e commestibili!

Abbiamo misurato la radioattivita di 500 g
di NaCl in un ambiente schermato...

Come prevedete la radioattivita di 500 g
di KCI? — maggiore attivita del potassio!

10000

Counts

900
Channels

N

i v
m ‘|?|||
00 1,5

232Th

| |
| |
ey
00 1,800

Counts

600

900
Channels

232Th

Y Y

13/03/2025




Radioterapia vs Adroterapia

12C

Dose(Gy)
26

24
22

* Piu dose ai tessuti sani Meno dose ai tessui sani

* Meno dose mirata Piu mirata (meglio per OAR)

* Dominano i danni indiretti (radicali liberi) Dominano i danni diretti (ai filamenti di DNA)

Piu dipendente dalla presenza o meno di O Meno dipendente dalla presenza di O

Piu facile da realizzare Piu difficile (e costoso) da realizzare
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Conclusioni

Da questa presentazione, avete capito
quali sono gli effetti delle radiazioni ionizzanti sulle cellule...

e come sfruttare questi processi per trattamenti di radioterapia

e, tra le righe,
come le radiazioni non siano una minaccia (ma addirittura una cural), = \
come il cancro non sia un argomento intoccabile ma una sfida

che possiamo affrontare.

Grazie agli sforzi della ricerca e ai progressi della scienza, i
possiamo continuare a compiere passi avanti!
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Grazie per 1’ attenzione!
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Gli effetti del danno da radiazione ‘@O

Ma ora mi sorge un dubbio...

Sapendo che a Hiroshima
hanno ricevuto una dose di circa 6 Gy
O perché si chiedono 60-70 Gy
in un tradizionale piano di trattamento
di ratiote
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Dose frazionata e localizzata

La dose totale é frazionata e localizzata!!
* Non viene colpito tutto il corpo del paziente il respancing seues
* 1l tessuto sano recupera meglio il danno da radiazioni E
@
* Le cellule tumorali sono meno efficienti nel riparare il &
danno ‘g’ Tumor or eat_*ly
2 responding tissues
* Il tessuto tumorale si arricchisce di ossigeno abbassando g
la sua radioresistenza
* Fornire tutta la dose assieme potrebbe essere
pericoloso Dose (Gy) '

Ottimizziamo il trattamento!
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Radioterapia vs Adroterapia

I’adroterapia
Junziona!

ma non é il nostro
unico strumento...

13/03/2025

Indication

End point

Results
photons

Results carbon
HIMAC-NIRS

Results carbon
GSI

Chordoma

local control
rate

Fm-su%

65 %

Similar to

Chondrosarcoma

local control
rate

L 33 %

88 %

protons

Nasopharynx
carcinoma

5 year survival

40 -50 %

63 %

Glioblastoma

av. survival
time

12 months

16 months

Choroid melanoma

local control
rate

95 %

96 % ()

Paranasal sinuses
tumours

local control
rate

21 %

63 %

Table by G. Kraft

2007

Results of carbon

Pancreatic
carcinoma

av. survival
time

6.5 months

Liver tumours

5 year
survival

23 % 10!]%'

7.8 months

CENETE
tumours

local control
rate

24-28 %

61 %

Soft-tissue
carcinoma

5 year survival

IM-75%

52 -83 %




Only approx. 1/3
of the cancer risk
is attributable to | O
environment or . - " .
genetics, the rest —
being “bad luck”: -
random mutations
during DNA
division . n

10"
L ]
e

o

Lifetime risk

107

Tomasetti & sarcoma @
Vogelstein,

Science 2015 10° 107 FEm— 10" 10
Total stem cell divisions

FAP = Familial Adenomatous Polyposis ¢ HCV = Hepatitis C virus ¢ HPV = Human papillomavirus © CLL = Chronic lymphocytic leukemia © AML = Acute myeloid leukemia

10%
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