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Establishment of National
Body
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Regulation for cancer
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Regulation of Complementay
and Alternative Medcine
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health seeking
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effective
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healty lifestyle and
cancer awareness
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Empowering
Primary healthcare

for early detection,
palliative, and
rehabilitation care \
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Monitoring the
implementation of

cancer treatment

based on national
guidelines, patient
safety, and quality
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Effective partnershipand advocation
with national and international bodies

N\

Establishment ofesearch
unit and HTA for cancer.

Effective and
efficientreferral
sysemfor
multidiscipline
cancer care.
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Empowering

hospice and home
care system.

J

S30HUNOS3IY

Increased quantity
and quality ofhuman
resources in

Oncology.

Improvement ofoncology
module in medical curriculum

Avalilability and
implementation ofiT
system and cancer

reqistry.
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Fulfillment and
distribution of
cancer faclility as
standard.

.

Establishment of
national cancer
treatment quidelines
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8.Establishment of effectiveducation for healthy lifestyleand cancer awarenes

Mo Strateg'u: Objective KPI Target 2019] 2015 | 2016 Programme Pl
. Public seminar and Number of Public seminars conducted
training of trainers Number of ToT Conducted

Number of Master ToT Produced
- Promotion for
Establishment of effective # Healthy Life awareness in community

8 education for healthy lifestyle |community 20% 10% knowledge and Number of Education media produced
awareness: "SADARI",
prevention of
smoking, healthy diet, |[Number of dissemination event

i Mumber of educational event
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. can be prevent.

g .-

Health Promotion and awareness

World Cancer Day Indonesia

WCD 20182014

wNational
wCampaign

ge WCD 201@ 2012
epartment
worlh  © Radiotherapy
“““""' RSUPN CM
EMI Eli
) 201 BEvents

L2 2010

WCD 2016
' w18 Provinces
WCD 2015 w30 Hospitals

w17 Provinces w7 NGO
w29 Hospitals
w?2 Public Health wPublic and Medical
Departments Symposium
wPublic Symposiurm FREE Breast and

wBreast and CervicalCervical Cancer
cancer Screening Screening

w8 Professional Society

WCD 2017

w22 Provinces
w8 NGO
w40 Hospitals

w3000 Dance for
Cancer

wWFree Breast
Cancer Screenil

wFreeMammogra
wFree VIA test
wFree PAP Smea
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EGFR Cyclin-dependent
inhibitors kinase inhibitors

. " Sustaining Evading —
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling SuUppressors anti-CTLA4 mAb

Deregulating Avoiding

Proapoptotic g PPaR o=t e
A A ce L@ 3
BH3 mimetics death 3
> A
Genome
instability &

En?blitvg Telomerase
replicative ibi
A Inhibitors

w
Tumor-
promoting

inflammation

mutation
PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

Inhibitors of
HGF/c-Met

Inhibitors of
VEGF signaling

Cell2011 144, 64&74DOI: (10.1016/j.cell.2011.02.01



— Terminology

Radiatioroncologys thatdisciplinef humanmedicineeoncernedviththe
generationgconservatiorand disseminationf knowledgeoncerninghe
causes preventionand treatmenbf cancerand otherdiseasesnvolving
speciagxpertisenthetherapeut@pplicationsionizingadiation

Radiatiotherapys a clinicamodalitdealingviththeuseofionizingadiations
In the treatmenbf patientswith malignantumor(and occasionalligenign
diseases)

Radiatioroncologistase radiatiortherapyto try to curecancerto control
cancegrowtlortorelievesymptomsuchaspain

Knowledge A Radiation Oncology

Modality A Radiotherapy

Person A Radiation Oncologist

1. HalperiC et al. Principles and Practices of Radiation Opowlotyilliams & Wilkins, 2008



Types of Radiation Used in Radiotherapy

lonizing
radiation
—1
| | | h_ X |
(o) (o) (o) ()

LINAC Co-60

Radiation types scheme
Energy levels

Kilovoltage units

A Grenz rays (<30 kV)

A Contact (40-50 kV)

A Superficial (50-150 kV)

A Orthovoltage (150-500 kV)
A Supervoltage (500-1000 kV)
A Megavoltage (>1 MV)
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Beyzadeoglu M et al. Basic Radiation Oncology. ¢



Radiation therapy diaical modaléy;
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BRACHYTHERAPY

. Methods
. Contact
. Intraluminary & intracavitary
. SurfaceMould
. Interstitial
PermanentA iodine / gold seed
Temporary (hair pin / flexible catheter = loop / needle

5

5



Cobalt-60 Teletherapy Unit

A Cobalt-60 produces 2 rays

A Cobalt-60 unit have a cylindrical source 2 cm
in diameter.

A The activity of the sourceis 5.0008 15.000Ci.

A After 58 7 years of use, activity of the source
will belessthan 3.000Ci.

A The half-life of Co-60is 5,27 years.

A The Co-60energy is 1,25MeV.

A Dmax is 0.5 cm below the skin surface.

A Modern isocentric Co-60 unit such as 27Co80
Theratron, have a SAD of 80cm or 100cm. —
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Diagram of Cobalt-60 treatment head ‘o
ogNiE0

Beyzadeoglu M et al. Basic Radiation Oncology. Springer, 2008



Linear Accelerator (LINAC)

A Medical Linear Accelerator (LINACS)
are used for generating high-energy x-
ray beams.

A The energy range to 4 to 25 MV, and
electron beams in the range 4 to 25
MeV.

A Current accelerator are also equipped
with online imaging devices

m*m

|
|

Diagram of Linear Accelerator

Khan F. The Physics of Radiation Therapy.Lipincott Williams & Wilkins, 2008



Radiotherapy uses = » < Odorless

Megavoltage Radiation

And Radioactive sources ko /[ Tasteless

For cancer treatment Colorless

SAFETY ISSUES!



« free radical

What happens to the tissue
after radiation exposure?

DAMAGE

DAMAGE
radiation

Reaksi Biologik Rata-rata usia manusia

% Reaksi Kimia , :
Odorless Reaksi Fisika : 1
Tasteless et
Colorless

(menit)

(hari)

Radikal Bebas Early effects

Eksitasi Late effed
Reaksi Enzimatik

Proses Repair

lonisasi

Proliferasi sel



What happens to the tissue after radiation exposure?
Radiation Induced Damaged / cell death

A DNAisprimary target
A Double Strand breakdrimary requis{taeversible and irreparable damjs
A Reproductive Cell De&tipoptosis

The type od DNA damage:

« free radical A Double strand breaks (DSB)
A Single strand breaks (SSB)
DAMAGE A Base damage

A Cross links damage

DAMAGE

racialion




DNA Damaged by lonizing Radiation

Radiation

(DSB} irreversible
A Single strand breaks
(SSB)
A Base damage
A Cross links damage

A nucleic acid that carries the genetic
iInformation in the cell and is capable of
selfreplication and synthesis of RNA

Indirect effect Radiation

Consists of two long chains of nucleotid
twisted into a double helix and joined b
hydrogen bonds between the
complementary bases adenine and
thymine or cytosine and guanine

Adenine-- Thymine
Guanine-- Cytosine




DOUBLE STRAND BREA
30/ CELL / GRAY

INTRASTRAND
CROSSLINK

0.5/ CELL/GRA

INTERSTRAND
CROSSLINK

DNAPROTEIN
CROSSLINK

1/CELL / GRAY [l

SINGLE STRAND BREAK
1000 / CELL / GRAY

BASE CHANGEg(C- U)
BASE LOSS

1000/ CELL / GRAY
BASE MODIFICATION
(egthymine/cytosine glycol)

SUGAR DAMAGE
(abstraction of hydrogen atom)



TCP and NTCP Curves

Prescribed Dose Emg_ — 100 Rectumés dose

Conv= 701 83 Gy 5 y  constaint

Rectal (pre_ o 80 / ‘:\o — 80 % . V50 < 502/0

operative) = 46 G % . (a = V60 < 40%

- ) ¥ 8 \C S = V70 < 20%

L 60y Tumas ape“ 160 w £ BT: rectal
= 1\ne / ? 3 dose < 70%
£ aol [ H40 F &

Prescribed Dose E J.“ - E Small bowel

GTV =70 Gy Q / % o dose

CTV =50 Gy E 20 + / -1 20 “G: constraint
o / / = 4571 50 Gy
g 0 | | i R L1 0 V52 < 0%

DOSE

Therapeutic ratio:

A Eradication of the tumor ( Local Control, Disease Free Survival)
A A high quality of life (QoL)

A Prolongation of survival (Overall survival)




FRACTIONATION ??7?

A Repair (recovery)

A Redistribution ( reassortment)
A Re-oxygenation

A Repopulation

A Radiosensitivity intrinsic

DURING AFTER
RADIATION RADIATION

it

OXIC
CELLS

HYPOXIC
CELLS

i

®

75

O /0

Reoxygenation
|

HYPOXIC
CELLS

Reoxygenation

/ i
Reoxygenation
|~

b

Fractionated radiotherapy during reoxygenation

Beyzadeoglu M et al. Basic Radiation Oncology. Springer, 2008

Time to give 2 Gy

100 hours 10hours 1hour 10min 1 min

P— Repopuiation
::::::::==—h— Reoxygenation
Reassortment

——

—__________ Recovery

1 1 1
0.01 0.1 1 10 100

Dose rate (cGy/min)

1000

The radiobiologic process depends on time




Fractionation Schedules in Radiotherapy

Example Dose Tumor control (%)
(Gy)
Sensitive Seminoma, Lymphoma =45 = 90
Intermediate SCC, 50 = 90 (subclinical)
Adeno-Ca 60 ~ 85 (D 1 cm)
B 70 ~ 70 (&3 3 cm)
~ 30 (&3 5 cm)
Resistant Glioblastoma = 60 none?
| Melanoma = 60 none?
I_IleCI Iacvuuvliativlil. LUVWECI UuUuDST Ul I1acvuull, 1Hivic 1racvtivliilo, baIIIUIIIIgIICI tvial uuosc,

same total time

AvBRI I LI 088 LIl

evITTIT  TI11T  TE10T  T110T 11111
N A A A A A Ay

T ] Y Y e —
Acceleration: Reducing the total amount of time (Through hyperfractionation or weekends)




Can my patient STOP her radiation treatment if

her tumor Is no longer detectab
Soif you ¢ a nséethe tumor, it d

e clinically?
O e snmeantthere

IS no tumor, you MUST give t
curative dosage

ne radiation with

Radiation dose (Gy)

1010
‘g -------------- 90% cell kill Partial remission (>50% reduction)
§ 108 Fo-----Ng----- 99% cell kill Complete remission
+ (tumors<10 8( 0.1 cc) canot
® reliably detected with current
(o} 105 B . .
” imaging)
D
3 0t L The aim of
= radiotherapy is to
o eradicate
c 100 e clonogeni¢ tumor
3 lCUFe?ceIIs.
1 | ]
0 10 20 30 40 50 60

Slide courtesy of Prof Albert vaer Koge] Adapted.

Adapted from Fowler

b e



The Five Fundamental Questions of
Radiation Therapy

A\Nhat IS the Indication for Would radiotherapy be efficacious for the
radiation therapy? patient? The gold standard is phase I

AWhat is the goal of Curative or palliative
radiation therapy?

AWhat iS the planned GTV, CTV, PTV (ICRU 50 and ICRU 62)
treatment volume?

: Conventional RT, 3D-CRT, 4D-Adaptive
A:/I’Veha?:nlzg?teeg ?nqgﬁg - RT, IMRT, VMAT, IGRT, Brachytherapy
AWhat is the planned GTV = 70Gy

treatment dose? Elective Lymph Node = 50 Gy

Palliative = 40 Gy

Halperin EC et al. Principles and Practices of Radiation OncologyLipincott Williams & Wilkins, 2008



Radiotherapy Goal

Therapeutiatio »

Howtoincreasd?

Advancem TechnologgndSciences

Physicahspectapproach
A ImmobilizatialevicegStereotactidramelesstereotactic)

A Technologicainovatiom radiotherapyelivery3 D CRTIMRTJGRTRapid
Arc,4DART)

A ImplementatiofbiologicmagingMRSPETScan)

Biologic targeted approach

A Alteredractionaticsstheduling.

A Combinethodality treatments using chemical or biologic agents
Chemotherapy, Hypoxia Modifier

A Targeting molecular processes and signaling patmyaysd Therapy

A Other ionizing radiation saupceton, neutron heavy ion.




MILESTONHSN RADIOTHERAPY
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Therapeutic Ratio in Radiotherapy
Physical Aspect

© UPMC Cancor Contors. Radiation Oncology

Biological Aspect
4330088388 07800008008808001088000/0008008/0888811)

I
Conventional Fractionation

[——
Hypofractionation: Larger dose per fraction, lower number of fraction

L L e N N N T an s

v TTITT  IT1ET 11111 11101 1A 11111 11111

Hyperfractionation: Lower dose of fraction, more fractions, same/higher total dose,
same total time

Av BB 081 0000081888800100088 0080888011
(I (I

I T —
v TITTT TITIT 11111 1111 11111
R N e N A A

Acceleration: Reducing the total amount of time (Through hyperfractionation or weekends)




Target Definition:
Bony landmari Volume / Target / organ definition

1. Courtesy of Karin Goodman, ASTRO refreshment course, 2016.
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onventional RMsConformal RT




3D Technique

TomotherapyFor Breast Cancer

Contourihg ROIs blan Seﬁings Bea 0ptﬁﬁization 7” F}aEiicEéﬁbn

— 7 [N q
Presets v Transverse options ¥ KL S| | ¥| Coronal
v] Lines

® Gy L)%

53.5Cy

Target
Name |
pla g |

Regions at Risk

- Name Sagittal




CLINICAL INVESTIGATION Rectum

PREOPERATIVE HELICAL TOMOTHERAPY AND MEGAVOLTAGE COMPUTED
TOMOGRAPHY FOR RECTAL CANCER: IMPACT ON THE IRRADIATED
VOLUME OF SMALL BOWEL
IMRT + IGRT

BenEDIKT ENGELS, M. D..* Mark DE RiDDER, M. D., PH.D.. * KoeN TourNEL, M.S. ¥
ALEXANDRA SERMEUS, M.D..' PETER DE ConNmck. DRk VERELLEN., PH.D .. ¥ AND
Guy A. STormE, M.D., PuH.D.*

Departments of *Radiation Oncology and ' Gastroenterology, Oncologisch Centrum UZ Brussel, Brussels, Belgium

Small Bowel

A Techniquessuchas VMAT and helical tomotherapy can handle OTRA NN — IMRTAGRT
the concaveinterface between the OARsand the PTVof rectal I P NS _ SocrT
cancerby creating conformal dose distributions, resultingin a o 250 \*“\ > “-.:\&
significant decreaseof the irradiated volume of small bowel g 200 ‘\j\ 1\\1 =
and a favorabletoxicity profile. I TR o e— ==___

A We calculatedan appropriate CTVto PTVmargin by combining o AN -T:f_;:-f:__;:fi?“z_j:;j_ji:gta AN
the internal organ movementby measuringthe deformation of o+ - — “‘2;““—‘-—:;-5;5— ===;;—-“ S
the mesorectum and the intrafraction movement based on Bladder
bony anatomy by useof MV-CTimaging 100 \\

— IMRT/IGRT | %3, ~
80 {{— IMRT A =~
— 3D-CRT
;'_E‘ 60
E 40

Conclusions : The combination bElicaltomotherapy 20

and daily MMCT imaging significantlgecreases 0+ -

the irradiated volume of small boweand its NTCP dose (Gy)

Int. J. Radiation Oncology Biol. Phys., Val. 74
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Stereotactic Radiosurgery Process
in Ciptomangunkusumidospital

N

TSN\

Immobilisation =58 localisation

Deliniatingtarget
B and organ at risk

Verificationl GRT
Treatment delivery




(SRT) -Wlth Headflx

SN

4 3 « Fractionated stereotactic
radiotherapy
v Headfix fixation for cranial use
v Uses stereotactic localization
1O precisely focus dose of

mdlatlon onto a lesion
Inimal exposure to healthy



Maw diameter on O obssrier | fom)

_A PET in rectal cancer

FDG-PET provides the best correlation with the tumor specimen compared 5 for
to MRI and CT in rectal cancer sulting
Jeroen Buijsen ™, Jergen van den Bogaard *'!, Marco H.M. Janssen ?, Frans C.H. Bakers"®, rs,red
Stephanie Engelsman °, Michel Ollers?®, Regina G.H. Beets-Tan ”, Marius Nap ¢, Geerard L. Beets ¢, ng (2
| Philippe Lambin ™', Guido Lammering ™’ ntours
* Departrreent of Radiation Oncology (MAASTRO Clindc ), GROW — School for Oncology and Developrental Biology; ® Department of Radiokgy, Moasricht University Medical )matIC

Centre, The NMetherlands; © Department of Pathology, Atrium Medical Centre, Heerlen, The Netherfands; @ Departrment of Surgery. Moas tricht Unfeersicy Medical Centre, The Netherlands

PETcontours (D) The dotted line
: : : : | | : . : . | represents the ideal situation of
- e absolute agreement between two
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Automatically generatedPETCThasedcontours showthe best correlation with the surqgicalspecimenand
thus provide a useful and powerful tool to accuratelydetermine the largesttumor dimensionin rectal
cance. Thiscouldbe usedasa quickandreliabletool for target delineationin radiotherapy

d
Naxmal diametar In surgical gpecrman smi

J. Buijsen et al. / Radiotherapy and Oncoloagy 98 (201102Z7R0)



