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NRRACIANERINASIIEEN anl effective tool
IOIFEALNG cancerfor over 100
/.’—\?Irj

I-Viore than 6ONsercent of patients

| rlJrlgruJed Wiith: cancer will receive
radiation rmr\rrlo\ as part ofi their
treatmen
s Today, more than 1 million cancer
patients are treated annually with
radiation

m Radiation oncologists are cancer
specialists who manage cancer
patients with radiation for either
cure or palliation

Patient being treated with modern
radiation therapy equipment.



OVERvIEW,

ENViseiRisithe physical andl biological basis for

geloljziile)n)? ‘b

2 \What anrertherclinical & pl|c!ons of radiation in
thEfmanagement of cancer?

= What types of radiation are available?
= What is the process for treatment?
s Simulation
m [reatment planning
m Delivery of radiation
B Summary
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ASSHEINSISLOI/ 0T Radiation

uWilnelm ReENLIEN
QISCOVENEUMASAEY/S O
NOVEMIERS ’”95 while

.,e)/oerjmemrmg With' a, gas-

filied catneae tune h

n oted antimage of
benes of his liand projected
On a screen _f/her_ placed
between the tube and the
fluorescent screen

m He wrote a carefully
reasoned explanation ofi the
phenomenon within two
months

Early radiograph taken by Roentgen,
January, 1896.
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ANSTIEINGISTO r/ ot Radiation, Pt 11

INNLSO6; HEeEnr Becqu erel’
WISCOVENCUNZA/OaCHYIL
WhilereXpERMERLING| With

pitcnnienae (_],e.,#fsl,‘m]um
Sfellis)) clglel i sl fo)tfef=le

photograpniciplate:
Pierre and Marie Curie
announced the discovery

of radium and pelenitm In
1898

m These elements emitted R AT INBAREUaphic plate fogged by
a, pand y rays

exposure to radiation from uranium salts.
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XEeySEEndNEEmma Radiation

WNBeL are forms oforizing radiation

s OXSraystanuiErays are collectively referred to as
 priologsiendrare considered a form of
clecuoiagieric ragjation

‘m Energy IS odu@d when an accelerated electron
strikes a target, decelerates and emits X-rays

s Gamma-radiation occurs when an unstable nucleus
gives off excess energy In the form of y-rays as it
decays to a more stable form
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Radiation Used for cancer treatment is 7
cellecl JonZlrlefElelEl oY) e EL e It
'rorrm [ONSIES L PASSES Ugh tissues
and disioUoES S|Ectrons fro atom
m lonsiare aton m*mgl.z iave acguired
direlEcIcalicharge through the
gain eIFless elifan electrol @
a lonization, in turn, can cause
or a genetic change g

cell deat

Molecular damage may occur through
alrect oy /nairect jonization

m DNA is the most important target
molecule

An image of cancer cells.

m Water is the primary mediator of
indirect ionization by formation of
free radicals




cis of Jom/m( Radiation

N |enizationwithinrcells results in physical, chemical
zlficl glolee)fe *«'—rl *hgm e
| rJf]erQE ENIEC] ' “

| f ical reactions in the cell resulting in toxic
‘ affect the cell

= Damage to DNA molecule
— Breakage of one or both chains of DNA molecule
— Breakage of hydrogen bond
— Faulty cross-linkage

m The net result on cancer cells Is an inability to
grow and subsequently reproduce
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DINAWVITRINT CANCEN: CENS anc
HEYINGNHENR abllity ter repreduce

n \Vienrtherdameged cancer cells are

KillEa ByAIRCIation), the ey

hatticliyAeliminatesstine

\Normal cellsicani e > affected by

radiation, Ut they are able to repair

themselves

= All'tissues have a tolerance level,
or maximum dose, beyond which
Irreparable damage may occur

m Although some cancers may be treated
with radiation alone, It IS often
combined with other treatments, such
as surgery and/or chemotherapy

Modern treatment planning helps
spare more healthy tissue from
radiation.



SinelifdeilyAfirections over several weeks,

ProduUCES WELLEN tUMOor: control than a single
angeNiection

| EXPENMERTS 0 r%‘d In Paris in the 1920s and

30s confirmed this principle

1 spares normal tissue through

repajrand repopujation While increasing

damage to tumor cells through reaistribution
and reoxygenation
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tlonatlon IS better

18 mag 0 cells between

dlatlon

r<~ooolJJe'£] | "c'o of cells between
liractions

4

m Redistribution of cells into radiosensitive phases
of cell cycle

s Reoxygenation of hypoxic cells to make them
more sensitive to radiation




gliice gRRadiation Therapy

N laerapeutic radiation serves
tWo! major functions

0 CUre cancer
m Destroy tumors that have not spread.

" = Reduce the risk that cancer will return
after surgery or chemotherapy

m [0 reduce or palliate symptoms

m Shrink tumors affecting quality of life,
e.g., a lung tumor causing shortness

of breath
Painless external beam - . . .
radiation treatments are m Alleviate pain by reducing the size of
usually scheduled five days a tumor

a week and continue for one
to ten weeks.




ReIcBRINIEREPY Tor Cancer

JJE ontherapy plays a major role in
IENEGEMENTON Mgy common
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Jr presiaie; lung, co oref al, pancreas,
IS, head ,gmrl neck, brain, skin,
ologJ lymphoemas, bladder cancers and

LKD

\U"ﬂ‘

(D
(ab

.ﬂ

L

=

=

A0

@

] r he fouirmost commonly treated malignancies are
lung, breast, prostate and colorectal cancers

— Radiotherapy is often used in the multimodality A breast cancer cell.
mana yrr ent of pediatric malignancies

= Treatment may or cure or for palliation
m There is a small risk that radiation may cause a

secondary Cancer many years after treatment

= This risk is balanced by the potential for curative
treatment with radiotherapy
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VIEASHIgIE RECET m Doses

MVADSEMIED OOSE IS z e gL ntlty of radiation
ASOEENFOMIE DEANT %unlt mass of
2lsoINgNaLeria

s hevaw, o “radiation absorbed dose,” is the
traaitioneal orb and Is defined as 100 ergs

ARSErvead/al

m [he modern unit is the Gray (Gy), and Is defined
as 1 joule absorbed/kg
m Dose may be prescribed as Gy or cGy

— 1 Gy = 100 cGy (centigray)
— 1cGy =1 rad
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IheRadaton) fcology Team

RN ORCOIo0IST -
EENCOCIO WO pPreschlvesiana oveﬁn the radiation therapy treatments
_ :

VIEQICaINRAEIAtON RPNYSICISE ?

m Ensures gt iieeiment plamns are properly tailored for each patient, and
IS rESpPERSIvIE for 't@'callfr' ation and accuracy of treatment equipment

Dosimetrist -

m \WWorks with thnerre diatio&ncologist and medical physicist to calculate the
proper dose of radiation given to the tumor
Radiation Therapist

m Administers the daily radiation under the doctor’s prescription and
supervision

_

m Radiation Oncology Nurse

m Interacts with the patient and family at the time of consultation,
throughout the treatment process and during follow-up care




hJJ S IJJJrIH/ rlone}?"tf- a tiss|
[A0NOESIS NEs been established

sHreatment O]rlf s recommended by
theradiation once 0QIST

— Care'Is coordinated with other 1005 ..
thS]C]EU S Dose distribution for a

‘ . . ; . man with prostate
= SImU ALIC ] S Ca ed out cancer.

m Provides a blueprint for treatment
= Usually done as a treatment planning
CT scan
— Patient set up in the treatment
position
— Immobilization may be used to ensure
daily reproducibility
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ment plan to
2althy tissue

' b

as o' |bl
m Physicist and dosnﬁ[rlst work
together create the optimal

treatment plan for each
individual patient

Radiation oncologists work with medical
physicists and dosimetrists to plan treatment
to deliver a maximum dose of radiation to the
tumor and avoid healthy tissue.




Radiation therapy can be
delivered two ways

m External beam radiation
therapy typically delivers
radiation using a linear
accelerator

m [nternal radiation therapy,
called brachytherapy,
Involves placing radioactive
sources into or near the
tumor

The type of treatment used will depend on
the location, size and type of cancer.




IEE=dimensional coniommel
felelizttior) tngrelg A ERECID)
ClI orlViiRiEscan 1S, creating
PICLUE OIftE tlUImMOol;
Jff 0oy d 1 JFE‘QJDJDH mIRIMIZes
mormrll LISSUE damage
tensity moauiated radiation
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each can be adjuste
individually
= IMRT is the most important

advance in radiotherapy in
more than 40 years

Nine-field IMRT head and neck 3-D schematic.




Radiation Therapy

| pecially designed linear
accelerators for IGRT

Capable of performing CT
scans or standard X-ray
Images

s Implanted fiducial markers

are aligned daily

— Ensures daily reproducibility
to accurately treat the
target

— Should further decrease
treatment-related morbidity




EXteialiNiduciais alliow the.
rglchgluom omr O]OJJJF o)

head, it is called stereotactic
raajiosurgery. (SRS)

m When used inf multiple
treatments or for other parts
of the body, it’s called
Stereotactic body radlation

therapy (SBRT)
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500y Radiotherapy

sPARether format for IGRT

mESImil2gue stereotactic radiosurgery (SRS)

m HIgNEOSESIof radiation are%elivered using tiny
fieldspever: threerto five days

x| Ustiallyfexirac ama@s

r\J rmol C fra%natedmtracramal SRS would qualify as

— Spine, Ver metastases, adrenal metastases, lung

metastases and pancreas are all potential sites

= Prostate cancer, primary lung cancer and
hepatocellular carcinomas being investigated

— Respiratory gating used for lung and abdominal tumors

= Allows radiation to be delivered only during specific
periods in the breathing cycle
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SERIOLONI BEAmMNIIErapy.

ENUSESPIOLONS rather than X-rays to treat cancer

m AlloWSFeBCLONS to 'focu\mﬁc“ of t@adiation dose at a certain
dEptWIthINREE 1DodY, Which better spares nearby normal
uiSSUE 5 |

NeUten Eeaminerapy.

- AS oer.]rnJJze J form of radiation therapy used to treat certain

' jumors that are very difficult to manage using conventional
K radiation Ffléfrlo\

m Neutrons have a greater biologic impact on the tumor than a

similar dose of cenventional radiation therapy

m These treatments are only available in a few locations in
the U.S.
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REWOACHVE; SOUIE
NLONIERUIM O o) Jrrolmrlmg ]
. CommoniyAcaliee '/cf//ffww/
u Brrm/ ISTGHEEK for “short distance”
PUIPESE Um doses of
fchJJcIEJOH o) | arget while
erJJmJ/JrJ € 10 surrounding
normal tis _ d
] I(IJOrILEJ\/Q Ssources used are thin
wires; ribbons, capsules or seeds.
— Isotopes used include *2°1, 03Pd, 1°2]r,
137CS
= These can be either permanently or
temporarily placed in the body

m Brachytherapy itself is not painful, but

ES ale Implante
SU S
ol ¢

Radioactive seeds for a

permanent prostate implant,

the applicators may cause discomfort an example of low-dose-rate
brachytherapy.




SN RECAVILYAIMPIANTS
B REGeacVe SeUrces are ce%near the tumor

tive implants
= Surface applicator is in direct contact with the

surgical tumor bed (soft tissue sarcoma)

= Procedures often require anesthesia and brief
hospitalization

= Radiation delivered to the site through specially designed
applicators or catheters
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u LOWEIDOSEER

n - REEen rJeh\ /ered ever the
COUKSE O 4680r 1 20MM0oUrs

weroloy Pieast, head and
NECK AU PIOSTAtE CaANCErS
ey BErtIEa! ed Wit lew-
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JOSe-rate racnytnerapy

] [
L H|g h-DOSE-Ra C (H DR) HDR brachytherapy for breast cancer using
b . MammoSite catheter (B) with an Iridium-192 source
| ngh EeNEergy source delivers (A) and a high-dose-rate afterloader (C). This is an
the dOSE in a matter Of example of a temporary high-dose-rate implant.

minutes rather than days

m Gynecologic, breast and some
prostate implants may use use
high-dose-rate brachytherapy




0 Lant Duration

ChRYEEPYAIM

o il cntsSimays e JJFNJ;L’ ent or temporary

s Empera/Amplantstarerieft in the body for several hours to
SE\ e ficll rlrl /J
u Pati AREQUIT lization durmg the implant depending on
£ A =y |X)
-d te gyn implants and high-dose rate

groxaze o)f o)f nﬂ
m Permanent implants release small amounts of radiation over a
- period of severall months
= Patients receiving permanent implants may be minimally radioactive
and should avoid close contact with children or pregnant women

— They will receive very specific instructions on safety from their patient
care team

s Examples include low-dose rate prostate implants (“seeds”)




SYSLEMIE <rlrle o) Therapy

N Radiaten; canralserlse delivered by an injection.
N RACIeacHVE particles can be dissolved in a small
amouniEeiFitid and injected into a blood vessel

= VEtestron (_Bgﬁor”‘u m) and Quadramet (*>°Samarium) are
[AdIeECLVENSOLOPES Lmbfor treating bone metastases

= The radioactive is&Ope IS absorbed primarily in cancer cells

= Radioactive isotopes may also be attached to an
antibedy targeted at tumor cells

m [his approach is useful in the treatment of certain
lymphomas
m Examples include Bexxar and Zevalin




Vg2 Cancer patient: EIVE Il apy for
Lymorom reJH

50 terSONeErCENL Off patients \MII derive some
relief

m  Other palliative uses:
m Spinal cord compression

m \ascular compression, e.g., superior vena
cava syndrome

m Bronchial obstruction

m Bleeding from gastrointestinal or gynecologic
tumors

m Esophageal obstruction

Radiation can provide relief for pain.



| m Breast — swelling, skin irritation
f- Abdomen — nausea, vomiting, diarrhea
| Chest — cough, shortness of breath
|
|
|

Head and neck — taste alterations, dry
mouth, mucositis, skin irritation

Brain — hair loss, scalp irritation

m Pelvis — diarrhea, cramping, urinary
frequency, vaginal irritation

Fatigue is often seen when large areas
are Irradiated

Unlike the systemic side effects from
chemotherapy, radiation therapy usually
only impacts the area that received
radiation.

= Breast, abdomen, pelvis, whole brain




u INE2rlyAivoesthirds oi allicancer patients will receive
feleljzition) "r’rJ@rHO/ dUing thelr illiness.
IR 20055 VeI RmIilion pa-ents were treated with

radiation
= In /OOJ alients me early 24 million treatment visits
e than; 2,00C hgs 3ls and freestanding radiation

m Threec ncerse. breast, prostate and lung cancer — make
up nearly 60% of all patients receiving radiotherapy.

m The average radiation oncologist sees between 200 and
300 patients annually.




SUMIENR. il

=Rizadiptiierapyiis avell established modality
IeIFtHENEeatmEent off aUmereus malignancies

n VoSt Cemimen: breast, lung, prostate, colorectal

u Theatment JJ'SCI 2, gquick and painless with

tolerablershiort term side effects
m Morbidity localized to area irradiated

u Radiation oncologists are specialists trained
to treat cancer with a variety of forms of
radiation

m External beam, brachytherapy, stereotactic




LAErREPY-
VisSIT WAV IERSWEYS. 0rg
to view infermation on
how radiation therapy.

works to treat various
cancers.
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