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Introduction to Cancer
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>9.7 million cases are detected
each year

6.7 million people will die from
cancer

Every day, around 1700
Americans die of the disease

20.4 million people living with
cancer in the world today
1 in 3 people will be diagnosed

with cancerinthe UK and 1in 4
will die from their disease
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WHO Statlstlcs
doadla]) A all dddaia Gliliaal

m 2023 15 million people die from cancer

m Causes
Ageing population
Obesity
Smoking
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A e el eyl AdS m
Cuaa 55 g karkios 4wl s
. cancer 4asy)
Ot s 4035 dilla yudl) 401 m
Nl

5/5/2023




"
What i1s Cancer?

m -Lsil/Division — uncontrolled cell divisSion g
N
m /Growth
RasRacsal
m /5 skMutation SO -

m _Li/Spread — ability to move within the body
and survive in another part

5/5/2023 6
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Types of Cancer
Ot yudl &1 g3l
m L s lS/Carcinomas
m L S l/Sarcomas
m L s/ ymphomas
m =L/ eukaemias
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Some Common Leukemiag Some Prefixes Used in
Carcinomas - Bloadelream Naming Cancers
S
Lung PREFIX MEANMNIMNG
adeno- gland

Braast Lymphomes chrondro-  cartilage
(warmen| o Lyminh nodes erythro- red blood cell

' | hemangio- blood vessels
Colgn hepato- lHwer

ot Enmlﬁimmnn lipo- fat
L] ~ =arcomas lympho- Iymphocyte

-
k

Bladdar ‘ 'S Fal melano- pigment cell
\* . %ﬂﬂm myelo- bonge mMarrow
FTI:EIEDE-————E* T myo- muscle

(men] c'a‘ :____,.---"H"-'mﬂ' osteo- bone
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NMORMAL CAMNCER

= _E___ 171 lng II:E 5
Oraecto
T

Large, variable shaped
nuchei

[

small cytoplasmic
volume relative
to nuchei

Variation in cell size
and shape

Loss of normal
specialized
cell features

Drisaorganized
arrangement
of cells

Poorly defined

5/5/2023 tumor oundary
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What causes cancer?

Sl o

30%

Smoking and alcohol use

(172,000 deaths due to smoking and
19,000 deaths due to alcohol use.)

30-35%
Unbalanced diet
(One-third of all cancer
deaths due to too many
high-glycemic carbohydrates,
too many calories leading
to obesity, and lack of
physical activity.)

Chronic infections
(Deaths occur mostly
in poor countries due to
hepatitis B virus, human
papillomavirus, HIV,
human T-cell leukemia/~
lymphoma, and ~
others.)

18-20%
Hormone

1%
Pollution
Deaths occur
mostly where
pollution is heavy.)

2%
Occupation (
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abb udl/Carcinogenesis

Heredity(%) +-°)
Immunity
Chemical
Physical

Viral

Bacterial
Lifestyle
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http://www.alternative-cancer.net/images/Cancer_cell, brain.jpg

"
3, s/Heredity

m 5-10% of Cancers

m Molecular biology
and Human
Genome Project
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4, M/ Heredity

5/5/2023

O

O

O

m Genes isolated for
several classic familial
cancer syndromes:

RB1 (retinoblastoma)
APC (familial polyposis)
Human Non Polyposis
Colon Cancer (HNPCC)

BRCA 1&2 (breast
cancer)

p53 (many cancers)
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ac i/ Immunity

m HIV/AIDS

® Immunosuppression

5/5/2023
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m Hepatitis B

m Human T-cell
Leukaemia virus

m Epstein Barr Virus
m Human Papilloma

Virus (HPV)

5/5/2023

high

Cervical Cancer Risk

bony

Gl 9 18/VIrus’s

HPV Infection Increases Risk

for Cervical Cancer

Moninfected
WIOMEn

Wiomen
infected
with HPV

15
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il »/Bacterial
m H. pylori

_ m Other Parasites:
1 Schistosoma (L _leldll)

oral
sucker

sucker
gut
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\.A:\SJ

| 5s/Chemical

Alcohol

Asbestos

Wood dust

Rubber, plastics, dyes
Tar

Aflatoxin

Tobacco

17
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saaill/Smoking

m Single biggest cause
of cancer

m 25-40% smokers die
In middle age

m 91in 10 lung cancers

m Know to cause cancer
In 1950

5/5/2023 18
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Js=S) 5 paaill/Smoking and alcohol

Combination of Alcohol and Cigarettes
Increases Risk for Cancer of the Esophagus
A=

30

Z0ix

Risk Increase

T0x

~— N
0 4+ 0

ALCOHOLIC DRIMES
consumed per day 4+
PACKS OF CHCARETTES 0 O pr 0 T+

consumed per day
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sl & ;M\/Industrlal pollutlon

Incidence of Most Cancers

1930 1550 1870 1990
YEAR

5/5/2023

20



"

3L 8 cLul/Physical causes

.}u.' A

m audh 56 ax3l/Ultraviolet radiation
1 Sunlight
1 Certain industrial sources

m 4454l A3YI/Radiation
"IRadon
—1Cancer treatment
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‘U‘JJM/ObeS”:y Lifestyle:

- Highly caloric diet, rich in

fat, carbohydrates and

animal protein

- Low physical activity
Consequences:

- Cancer

- Diabetes

- Cardiovascular
disease

- Hypertension

5/5/2023 22
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sball Jaai/Lifestyle

m ll/Age
m 4¢all/Occupation

m _~)\/Ethnicity
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Summary

(U anlia (n ya 98 OLE‘).-HJ\ I
L ) "
Al S (Say g (Ol )
G a pall oLl Jare al 50 m
et A ) Al )
a5l S 13 Ale cladl A6
. Svare ):1..9 ...

Who knows mote about
cancer than
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8.

9.

10 Rules to Avoid-Cancer

Don’'t smoke
Don’t smoke.

Don’t smoke.

Avoid exposure to other known carcinogens,
Including aflatoxin, asbestos and UV light.

Enjoy a healthy diet, moderate in calories,
salt and fat, and low in alcohol.

Eat fresh fruit and vegetables several times a day.
Be physically active and avoid obesity.

Have vaccination against, or early detection/treatment
of, cancer causing.chronic infections.

Have the right genes.

10. Have good luck !

5/5/2023
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ATOMIC STRUCTURE

Ay yall Al



Atomic Structure

) 5 Cpe A 58 Bl
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John Dalton
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ATOMS
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Subatomic Particles
3 5al) Ol 38 245 Al st Glavuall

Particle Mass Charge Charge
(kg) (Coulombs)  (units)
Electron (¢) 9.1 x10% -1.6x10™ -1

Proton (p) 1.67 x 10*" +1.6 x 10™ +1

Neutron (n) 1.67 x 10’ 0 0

mass p = mass n = 1840 x mass e
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Atomic Structure

Atoms are composed of
-Protons — positively charged (+) particles
-Neutrons — neutral particles (4Aadl) Alxiaa)
-Electrons — negatively charged (-) particles

Protons and Neutrons are located in the
nucleus.

Electrons are found in orbitals surrounding the
nucleus. (4 8) il Jga il i )

5/5/2023 5



HELIUM ATOM
Shell
oton

pr

2

electron heutron
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Atomic Structure
Ll o (B il g gl (e adana Fase B3 S llia
add) 13 Ay laal) cilig Y A g glus g
Apiliassl) ol gAd) 2da o8 9 (Al Al e

Agaiadl (Element) maisdl

Atomic number = number of
protons = Z
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Atomic Structure
S (A A B gl el 3a) el g yiatl] g il g5 ) Slbia
18 A ALS alina JSo LagliS £ gana g 4y )i
Atomic Mass
A Alidl) 2ae = 7, el gigall ade + N <l g iadl) dae

ol g Z s oM amd) Ludl sTsotopes - AUl
dary AN g N Sl g ]l damy aBlEAY) g ¢ palal)
A Ay
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ATOMIC STRUCTURE

Mass number
The number ot protons ana

neutrons in an atom

Atomic number [

the number of protons in an atom

number of electrons number of protons
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H  1H®D) H(T)

Mass Number —— A

Atomic Number —— 7

235
02 U

X <+<— Element Symbol

238
02 U
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X-Rays

: W 6‘\9 L.é m}) é\_")’_}d‘ 1, i< | X-rays .
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AN gl
The X—ray tube

Expansion
\ diaphragm

Glass or metal envelope Qil

Vacuum \
|

% Anode

Cathode arget

Shielding

* Cut-out
HV cable Window HV cable switch

A diagram of an X-ray tube.
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ICFL O AlS

m 1895 Roentgen discovers x-rays

m 1896 Becquerel discovers radioactivity (uranium)
m 1898 Marie Curie discovers Ra-226

m 1901 Pierre Curie self-induced radium burn on arm







T R Dose

I | RT Dose
+ T — Control u, T — Control

7T Normal Tissue | | | Normal Tissue
Toxicitites

Toxicitutes
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X-ray machine: Crookes type.

X-ray machine: Coolidge type.

Van de Graaff generator and betatron.
Cobalt-60 teletherapy

Linear accelerator (linac) and Gamma Knife.

Tomotherapy machine and Cyberknife.
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Gamma-ray equipment La—dadl 3 jeal
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X-Ray T URES

n Early X=Ray TUbes
s DIagnostic TUbes

s [[Nerapeutic Tubes
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Early X-Ray: Tubes
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Alerapy, fune

Anode Hood Cathode Cup

To High Tungsten
Voltage Supply

Tungsten / shield
Target ™

To Filament Supply

Cathode

Copper Filament
Anode

Beryllium Thin Glass

Window ¢ § Window

X-Rays

FIG. 3.1. Schematic diagram of a therapy x-ray tube with hooded anode.
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microwave | ;
valve \; : vacuum
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.r/

micro | i isocentre
wave —
guide

table top
height and
position can
be adjusted

/

klystroh

counter weight rotating
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+Large Facility
+Cost = 5120M
*High Neutrons
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e PHYSICAL DOSE
DISTRIBUTION

Cobalt-60 1.25 MV

Linac 8 MV

ac 25 MV

m
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o
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O
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m
<
X

Protons 250 MV

15 20 25 30
DEPTH CM
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Gynaecological applicators
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Gross Tumor
Volume

Clinical Target
Volume

Planning Target
Volume

Treated Volume

rradiated Volume
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IMRT
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Conventional Radiotherapy IMRT

Tumor and Normal tissues are Tumor and Normal tissues are irradiated
irradiated with UNIFORM DOSE..! with MODULATED INTENSITY BEAMS..!
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Conventional | 2D — Conformal

3D -
Conformal




7350.0 ¢By
7000,0 cCy

5400,0 cby 3
4500,0 cCy




final
Absolute

7350,0 cby
7000,0 cGy

ch 5

5400,0 oGy
4500,0 cby

final
Absolute
7350,0 cby
7000,

5400,0 cGy
4500,0 cby




Trial_3 Converted
Absolute , Absolute

180,0 cby 180.0 cby

\\—__——-"

Spinal Cord TT———

RTOG H0022 | Slfce 46: Z = 77.256  RTOG H0022

3DCRT isodose IMRT isodose
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Table 2 Summary of Dosimetric Parameters for Clinical Toxicity

Emami?

Organ
Brainstem

Spinal cord

TD 5/5

1/3:
2/3:
3/3:
5 cm: 50 Gy

60 Gy
53
50

10 cm: 50
20 cm: 47

Cervical spinal
cord

1/3:
2/3:
3/3:
1/3:
2/3:
3/3:

1/3:
2/3:
3/3-
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:

32 Gy

Emami?

TD 50/5

1/3:
2/3:
3/3:

65 Gy

Endpoints

Necrosis,
infarction

5 cm: 70 Gy Myelitis, necrosis
10 cm: 70
20 cm: -

1/3:
2/3:
3/3:
1/3:
2/3:
3/3:

1/3:
2/3:
3/3:
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:
1/3:
2/3:
3/3:

46 Gy
46

65 Gy
40
24.5

70 Gy
55
50
72 Gy
70
68
80 Gy
80
80
55 Gy
45
40

40 Gy
28

Xerostomia

Pneumonitis

Pericarditis
Clinical stricture/
perforation

Proctitis, necrosis,
fistula, stenosis

Liver failure

Clinical nephritis

Dosimetric
Parameters

V60 <0.9 mL

max <50 Gy

EUD <52 Gy,
max. <55 Gy

Mean dose
<26 Gy

V13<40%
V20<25-30%
V30<10-15%
MLD<10-20 Gy
V33 <60%,

V38 <33%

V42 <20%

V50 and S50 <30%

V70-80 =15 cc
V70=20-25%

1/3: 40-80 Gy
2/3: 30-50
3/3: 25-35

Endpoints
<5% grade=1 toxicity

<5% grade=3 toxicity

<5% grade=3 toxicity

Late grade 2 xerostomia resulting
from >75% functional loss

Late grade 2 in <10-20%
Late grade 3 in <5-10%
5% excess cardiac mortality
5% risk of late toxicity

Late grade 2 in <5-10%

Late grade 3-4 liver toxicity <5%

median dose <17.5 Gy anemia, azotemia, hypertension

and edema




Dose (G
Spinal Cord

40-60%% 10-50%
6O0-80%%
80-100%

0-20%%
20-40%
A40-60%

60-8S0%
80-100%

0-20%
20-40%%

20-40%%

40-60% 5-259,

GO-R0% ==
R80-100%% i

40-60%
GO0-802%%
20-100%

40-60%
H0-850%%

20-100%

Figura 1 Risk of late toxicity as a function of dosze and volume of radiation exposure for various organs.
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Susponsory Utarine (tallopian) wube
ligament of ovary

Fundus
Ampulla

Isthmus Uterine
Infundibulum lube

Fimbrae

Round ligament of uterus

Ovanan ligament " £ ‘ \ ‘ - Endometrium

Body of uterus W — . Myometrium | Wall of
Ureler —— S5 L | — Perimetrium | Uterus
Uterine blood vessels B — Internal os
Isthmus g / R Corvical canal
Utorosacral I-gamtJ AN 14 Extemal 0s
Lateral corvical —— sl A
(cardinal) Ngament
Latoral fomix
Cervix

(a)
Copyright € 2001 Bergamin Cummings. an imprint of Addison Weslay Longman, inc
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BRACHYTHERAPY
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sSources

vaginales




Point A

Point B

ICRU bladder point

ICRU rectal point

canal (tandem)

2-cm lateral and 2-cm superior (cephalad) from the external cervical os in a plane perpendicular to the uterine

Sf,m lateral to the patient's midline and 2£m supenor (cephalad) from the extemal cervical 0s

The bladder point s located on the lateral radiograph on an AP line drawn through the center of 7-cc balloon. The
reference pointis taken on this line at the posterior surface of the balloon. The balloon must be snugly pulled

|down prior to ﬂmmg Onthe AP radlograph the pomt is located in the center of the balloon

The rectal pointis found on the lateral radiograph on an AP line drawn from the lower end of the intrauterine
source or the middle of intravaginal sources. The pointis located on this line 5 mm posterior to the posterior
vaginal wall, on the AP film at the midpoint of the colpostats.






adder
reference point

[l
* intrauterine
sources

intravaginal 2 /‘}" “"

SOuUrces













Clinical Target i ing of Imaging  Structures Included Dose Coverage
Volume

Target volume at HR CTV ICRU 38
diagnosis

Intermediate risk

Macroscopic disease at diagnosis 60-Gy isodose line

Cervix
Tumor on MRI Point A

Gray area—area of known disease with residual 65-Gy isodose line
abnormal MRI signal

Target volume at
brachytherapy
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Radiothérapie 2-D




Radiothérapie
conformationelle:

caches en plomb - 40
veésicules seminales

I rectum




Radiothérapie
conformationelle:
collimateur mutilames

vésicules séminales

prostate
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2. Dose distribution heterogeneity of treatment plans obtained with the Corvus system. The dose was prescribed to

the 87% isodose line (purple line). The isodose lines displayed range from 83% to 99%.
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Norm:Dose (7000.0 cGy ref pht Xlem):
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% Lem) s
dose (cGy) :
global max (cGy) :
leocal maxicey) =

Isovalues (%)

IMaximized




'Norm:Dose(7000.0 cGy

dose (cGy) :
global max(cGy) :
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Isovalues (%)
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§C9.00
=1 .88
4217 .5

3 “¥;+éa¢f.u
|IPort ID: Portl . e

Isovalues (%)

|IMaximized _ Scale=1: 1.15}




Port 1D gemBE Bl
Wedge T1Eas ERCi

&

|[Maximlzed




[Port 1D gy RERS
(Wedge 1Dl G0Ny

Maximized




-Norm:Dose(TOO0.0 cGy

dose (

IMdeka global max

local ma

Isovalues (%)

|Maxiulzed




IMaximiz



vNorm: Abs

P dose (cCy ;
Port ID: RED?2 global max (cGy) :

local max(cGy) :

Isovalues (cGy)

IMaximized




4

ZEET| X L K

da ch.Lé céyujam cC'_ﬂ_\L\AA ledll calall ) yaal 3aall e

dadae 3 a0 ol (st caladly canli ¢ lad 488 5 5alia o

10/14/2023 257






