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Cancer in pills

Random mutation in cells

NORMAL CELLS

CANCEROUS CELLS

%@@

Many cells that Variations in Nucleus that Abnormal
continue to grow  size and shapes is larger and number of
and divide of cells darker than chromosomes
normal arranged in a
disorganized
fashion

Uncontrolled proliferation

Cluster of
cells without a
boundry

Estimated number of new cases in 2020, all cancers, both sexes, all ages

Oceania
254 291 (1.3%

Africa

1109 209 (5.7%)
Latin America and the Caribbean
1470 274 (7.6%)

Northern America
2556 862 (13.3%)
Asia

9 503 710 (49.3%)

Europe
4398 443 (22.8%)

Total : 19 292 789

Still one of the leading cause of death
worldwide
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Radiation treatment

First idea at the end of XIX century:
* Roentgen-therapy

* Radium salt applications/baths
But what does it mean to “treat” cancer with radiations?

Damage cancerous cell structures in order to

N

Kill them Remove their
(directly/apoptosis) clonogenic capability
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Radiation damage

How does radiation damage cells? Ionization — break molecular bonds in DNA

DNA

Complex molecule, difficult to repair:
1) DNA strand break (single/double)

2)N base alteration

Chromosome

3) Sugar destruction

Nucleus 4) Cross-bonds
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DNA damage
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Direct DNA damage

DNA is found in cell nucleus .
and mitochondria @ Single and Double strand breaks
clustered damage sites (prompt DSB)

single strand break simple DSB

base damage/sugar damage

53
ation 1 iprucn;ﬁ M Complex DSB

N clustered damage
'",;',”, ',',',!'l,'@,,,',',",’;'; »IE QY
ﬁ k3

. [ Base Modification ] M

Single Strand
Break

Different types of direct damage

Usually only SSB is repairable

_ Cells are able to repair
kK | | radiation induced DNA damage
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Indirect damage

DNA is a very small target, but not the nucleus!
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|

* lonization of bio-molecules (mainly H O)

* Production of free radicals — highly reactive
* Reaction with other molecules

Ex. HO — OH’, H’ radicals — H O,
— HO, (high [O])

Free radicals are the main responsible for ionizing radiation damage to biological tissues
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Absorbed dose -

How do we measure radiation exposure? Absorbed Dose

LB Y
dm lkg

Radiotherapy treatment dose distribution

Energy deposited by ionizing radiation per kg of mass

Dose does NOT measure damage, only energy deposition

Typical treatment dose ~ 60-70 Gy
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What influences damage?

Very complex topic, but mainly:

Dose

Type of radiation (X-rays, electrons, hadrons, etc.)
Tissue radiosensitivity

Oxygen concentration (up)

Tissue cell replication (up)

Cell differentiation (down)

Cell cycle

Many more...

\

Effective dose

l

* Measured in Sievert (Sv)

* Measures radiation damage/effect!
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Radiation damage eflects

SOMATIC . |:|‘> Deterministic
(exposed person) Ef fect x Dose over threshold
27 * Erythema, radiation poisoning, etc.
N * Very very high threshold
GENETIC i
| . I|> Stocastic
(heirs, gonads) Probability of ef fect < Dose

* Mutations, cancer, etc.
* Very very low probability
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Radiation damage eflects

Remember that we are continuously exposed to radiation

* Cosmic rays

* Natural radioactivity (food, soil, etc...)
* Nuclear medicine and diagnostics

* Etc...

That sounds like a lot of stuff...
should we worry about this??

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/Fluoroscopv 5% ~

15/03/2024
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Radiation exposure limits

Quantity makes the poison!

* Radiation exposure is well known and strictly regulated by now

ypical annual
doses (mSv/year)

* Yearly limits for public (1 mSv) and workers (6-20 mSv) way f
/ <13

below threshold of proven increased cancer probability (200 mSv)

* Natural background is not the same everywhere! . 20-30

But what do these numbers mean?

b
Natural background radiation exposure

15/03/2024 12



Some examples

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.

~
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

Uzing o CRT monitor
{1 pSvl

for @ year (1 pdv)

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)

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.

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

living within 18 miles (38 uSv) Chest
CT scan

mm Approximate total dose received at (7 mSv)

BB Fukushima Town Hall over two wesks
following accident (168 p3v)

E?ﬁi{e?;;yurﬁizTgsr Moximum year ly dose permitted for US rodiotion workers (58 mSw)

power plant (258 uSv) ol ol I=]

/

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

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

Mammogran
(488 Sy

Maximum
external dose
from Three
Hile Island
accident

{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 Head
Zone {1 mSv, but C; Sgun
areas northwest saw (2 mSv)

far higher doses)

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

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

exclusion zone {48 mSv) B

@ ALl dozes in
green chart

anbined

{~75 mSv)

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
operations (258 m3v)

Fotal doze, ewen with treatment (& Sw)

Lowest one-year dose

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

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

Radiation worker
ohe-year dose
limit (58 mSv)

clearly linked to
increased cancer
risk (188 mdv)

m = (A.A5 pEv)

= O{Z8 psv)

= ol 5v)

—

= noiA i:;;////f/j//

Ten minutes next to the
Chernobyl reactor core after
explosion ond meltdown (58 Sv)

DOO00oooo0
oooooooooo
DOO00oooo0
Oooooooooo

Sources:
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Some examples

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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B g L B89 Sy
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miles of a coal
power plant for o wvear (8.3 pSv)

AT x-raw

Uzing o CRT monitor
{1 pSvl

for @ year (1 pdv)

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)

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.

—_—

Source: https://xkced.com/radiation/
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a nuclear power plont (38 WSv)

B Chest x-ray {28 pSv) i

— 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,
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@ 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)

/

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

exclusion zone {48 mSv) B

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

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

@ ALl dozes in

Dose limit for emergency
workers protecting waluable
property (188 mSv) §
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orkers in lifesaving
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fal
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to a single member
of the public

{1 m3v=1,808 uSv)
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two weeks in Fuku-

shima Exclusion Head
Zone {1 mSv, but C; Sgun
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far higher doses)

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

doge, even with treotment (& Sw)

Radiation worker
ohe-year dose
limit (58 mSv)

Lowest one-year dose
clearly linked to
increased cancer
risk (188 mdv)

green chart
anbined
{~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)
o

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

m = (A.A5 pEv)

o {1 Sv)
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—

= noiA i:;;////f/j//

Ten minutes next to the
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Some examples

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

—_—

Source: https://xkcd.com/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.

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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B Sleeping next to someone (B.B5 LS

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)

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)

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

& flight from Mew York to LA (48 p3

v
o Using o ce IW transmitter does
not produce ionizing radiation®™ and does not couse caoncer,

# Unless it's a bananaphone.

B Chest x-ray {28 pSv)
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B8 chort combined (~68 LS}
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@ Extra d
B Fukushin
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BB Mile I
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fol lowing

B EP4 wearl
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OE  power pla -]
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m= the body =
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EPA wear Ly
radiation
to a singl
of the publ

Alrplane flight from New York to LA (46

(1 m3v=1,000 pov

B 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)

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)

Fotal doze, ewen with treatment (& Sw)

@ ALl dozes in

Severe radiation

=ome cases fatal
(2808 mSv, 2 Sv)

Radiation worker
ohe-year dose
limit (58 mSv)

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

green chart
combined
{~75 mSv)

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

poisoning, in

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

= (A.A5 pSv)

= O{Z8 psv)

= ol 5v)
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Ten minutes next to the
Chernobyl reactor core after
explosion ond meltdown (58 Sv)
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Some examples

Radiation Dose Chart

Thiz
will

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.
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.

—_—

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

Dental x-ray (5 uv)

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

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

v
= Using @ cell phone (B pSv)-o cell phone's transmitter does
not produce ionizing rodiation® ond doss not couse concer.

# Unless it's a bananaphone.

- ~ - ~
®m Slesping next to someone (.65 WSv) | | Chest x_roy (28 pSv) B T s e O ——
m Living within 58 miles of a nuclear — ALl the doses in the
B power plant for a year {B.89 pSv) B8 chart combined (~6@
B Eating one banana (8.1 WSv) m Extra dose to Tokyo in an
B Fukushima accident (48 at
Living within 58 miles of a coal Livi . N bri S;Et
power plant for o wvear (8.3 pSv) g3 1ving in a stone, brig ’
building for a year (76§ eu
Arm x-ray Uzing o CRT monitor
Average total dose fro
{1 psv) ] for a year (1 pSv) == Mile ?Slund accident t CT Scan
living within 18 miles
Extra dose from spending one dov in
on area with higher-thon-overoge me Approximate total dose r 2 mS'.'.‘
ratural bockground rodiotion, such BB Fukushima Town Hall over
as the Colorado plateau (1.2 pav) following accident (108
EP4 wyearly release
limit for a nuclear msv

power plant (258 uSv)

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

(488 Sy

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)

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

exclusion zone {48 mSv) B

@ ALl dozes in
green chart

anbined

{~75 mSv)

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
operations (258 m3v)

Fotal doze, ewen with treatment (& Sw)

Lowest one-year dose

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

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

Radiation worker
ohe-year dose
limit (58 mSv)

clearly linked to
increased cancer
risk (188 mdv)

m = (A.A5 pEv)

= O{Z8 psv)

o {1 Sv)

—

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

Ten minutes next to the
Chernobyl reactor core after
explosion ond meltdown (58 Sv)
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DOO00oooo0
Oooooooooo

Sources:
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Some examples

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

—_—

Source: https://xkcd.com/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.

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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B Sleeping next to someone (B.B5 LS

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

Uzing o CRT monitor
{1 pSvl

for @ year (1 pdv)

-

B Chest x-ray {28 pSv)

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

@ 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

Livipo yithin 18 pil

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

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

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)

treatment (& Sv)

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)

@ ALl dozes in

Severe radiation

=ome cases fatal
(2808 mSv, 2 Sv)

Radiation worker
ohe-year dose
limit (58 mSv)

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

green chart
combined
{~75 mSv)

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

poisoning, in

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

Ten minutes next to the
Chernoby | reactor core after

explosion

and meltdown (58 Sv)
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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.

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)

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

Maximum
external dose
from Three
Hile Island
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g (1 mSv

Head
CT Scan
(2 mw

m = (A.A5 pEv)

= ol 5v)
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Ten minutes next to the
Chernobyl reactor core after
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Some examples

‘:“ﬁm_ —
. . : s
Source: https://xkced.com/radiation/ Rodtation worker
ohe-year dose
limit (58 mSv)
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 hpproximate total dose at ,l All doses in  Lowsst one-ysar dose
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https://xkcd.com/radiation/

Some examples

Radiation Dose Chart

Source: https://xked.com/radiation/

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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https://xkcd.com/radiation/

Radiation damage effects ‘@o

So now a question...

Knowing that people in Hiroshima
received about 6 Gy of dose...

O then why do we ask for 60-70 Gy
in a normal radiation therapy treatment plan??
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Dose fractionation and localisation ‘@

Total dose is fractioned and localised!!

* We don’t hit the whole body of the patient
) o Late responding tissues
* Healthy tissue better recover the radiation damage \
* Cancer cells are less efficient in reparing the damage '
* Radio resistant cancer cell move to a less resistant phase
of the cell cycle

Tumor or early
responding tissues

Surviving Fraction

* Hypoxic cancer tissue can re-oxygenate improving
the radio sensitivity

Y

* Danger of providing the dose all together
Dose (Gy)

Optimization of exposure for treatment!
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Radiotherapy vs Hadrontherapy

12C

Dose(Gy)
26

24
22

* More dose to healthy tissues Less dose to healthy tissues

* Less conformal dose More conformal dose (better for OAR)

Indirect damage dominant Direct damage dominant

More dependent on oxygen effect Less dependent on oxygen effect

* Way easier to carry out More difficult (and expensive) to carry out
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Hadrontherapy vs Radiotherapy

Hadrontherapy
works!

But it is not our only
weapon...

15/03/2024

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 %




Any question?
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