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Empowering 
Primary healthcare 
for early detection, 
palliative, and 
rehabilitation care.

Establishment of 
health seeking 
behaviour.

Monitoring the 
implementation of 
cancer treatment 
based on national 
guidelines, patient 
safety, and quality 
standard.

Effective and 
efficient referral 
sysemfor 
multidiscipline 
cancer care..

Empowering 
hospice and home 
care system.

Establishment of 
effective 
education for 
healtylifestyle and 
cancer awareness

Effective partnership and advocation
with national and international bodies

Establishment of research 
unit and HTA for cancer.

Availability and 
implementation of IT 
system and cancer 
registry.

Increased quantity 
and quality of human 
resources in 
Oncology.

Improvement of oncology 
module in medical curriculum

Establishment of 
national cancer 
treatment guidelines

Fulfillment and 
distribution of 
cancer facility as 
standard.



8.Establishment of effective education for healthy lifestyle and cancer awareness



Health Promotion and awareness
World Cancer Day Indonesia

2010

2012

2013

2014

2015

2016

WCD 2010 ς2012

ωDepartment 
Radiotherapy 
RSUPN CM

WCD 2013ς2014

ωNational

ωCampaign

WCD 2015

ω17 Provinces

ω29 Hospitals

ω2 Public Health 
Departments

ωPublic Symposium

ωBreast and Cervical 
cancer Screening

WCD 2016

ω18 Provinces

ω30 Hospitals

ω7 NGO

ω8 Professional Society

ωPublic and Medical 
Symposium

ωFREE Breast and 
Cervical Cancer 
Screening

WCD 2017

ω22 Provinces

ω8 NGO

ω40 Hospitals

ω3000 Dance for 
Cancer

ωFree Breast 
Cancer Screening

ωFree Mammografi

ωFree VIA test

ωFree PAP Smear

Ɓ Events Ɓ AwarenessƁ Early Detection
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Radiationoncologyis thatdisciplineof humanmedicineconcernedwiththe
generation,conservation,and disseminationof knowledgeconcerningthe
causes,prevention,and treatmentof cancerand otherdiseasesinvolving
specialexpertiseinthetherapeuticapplicationsofionizingradiation.

Radiationtherapyisaclinicalmodalitydealingwiththeuseofionizingradiations
in the treatmentof patientswith malignanttumor(and occasionallybenign
diseases).

Radiationoncologistsuse radiationtherapyto try to curecancer,to control
cancergrowthortorelievesymptoms,suchaspain.

ÅRadiation OncologyKnowledge 

ÅRadiotherapyModality

ÅRadiation OncologistPerson

1. HalperinEC et al. Principles and Practices of Radiation Oncology LipincottWilliams & Wilkins, 2008

Terminology



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

Types of Radiation Used in Radiotherapy

Radiation types scheme
Energy levels

Kilovoltage units

ÅGrenz rays (<30 kV)

ÅContact (40-50 kV)

ÅSuperficial (50-150 kV)

ÅOrthovoltage (150-500 kV)

ÅSupervoltage (500-1000 kV)

ÅMegavoltage (>1 MV)

LINAC Co-60



Radiation therapy is a clinical modality é.



External 
Radiotherapy 
Process
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¸Methods 
¸Contact

I̧ntraluminary & intracavitary
¸Surface Mould

I̧nterstitial
¸Permanent Ą iodine / gold seed
¸Temporary (hair pin / flexible catheter = loop / needles)

BRACHYTHERAPY



Cobalt -60 Teletherapy Unit

Å Cobalt-60 producesɔrays

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

Å The activity of the source is 5.000ð15.000Ci.
Å After 5ð7 years of use, activity of the source

will be lessthan 3.000Ci.
Å The half-life of Co-60 is 5,27years .
Å The Co-60 energy is 1,25MeV.
Å Dmax is 0.5 cm below the skin surface.
Å Modern isocentric Co-60 unit such as

Theratron, have a SAD of 80cm or 100cm.

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

Diagram of Cobalt -60 treatment head



Linear Accelerator (LINAC)

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

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

ÅCurrent accelerator are also equipped
with online imaging devices

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

Diagram of Linear  Accelerator



Odorless
Tasteless
Colorless



What happens to the tissue
after radiation exposure?

Modified from Steel

Odorless
Tasteless
Colorless



Radiation Induced Damaged / cell death 

Å DNAis primary target

Å Double Strand breaks ïPrimary requisite (irreversible and irreparable damage )

Å Reproductive Cell Death Č Apoptosis

The type od DNA damage:

Å Double strand breaks (DSB)

Å Single strand breaks (SSB)

Å Base damage

Å Cross links damage

What happens to the tissue after radiation exposure?



DNA Damaged by Ionizing Radiation

The type of DNA damage:

Å Double strand breaks 

(DSB) - irreversible

Å Single strand breaks 

(SSB)

Å Base damage

Å Cross links damage

A nucleic acid that carries the genetic 
information in the cell and is capable of 
self-replication and synthesis of RNA

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

Adenine -- Thymine
Guanine -- Cytosine



SINGLE STRAND BREAK

1000 / CELL / GRAY

BASE CHANGE (egC - U)
BASE LOSS

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

SUGAR DAMAGE
(abstraction of hydrogen atom)

INTRASTRAND
CROSSLINK

0.5 / CELL / GRAY
INTERSTRAND
CROSSLINK

DNA-PROTEIN
CROSSLINK

1 / CELL / GRAY

*

DOUBLE STRAND BREAK

30/ CELL / GRAY



TCP and NTCP Curves

Rectumôs dose 

constraint

V50 < 50%

V60 < 40%

V70 < 20%

BT : rectal 

dose < 70%

Small bowel 

dose 

constraint

45 ï50 Gy

V52 < 0%

Prescribed Dose

Prostate = 80 Gy

Cervix = 70 ï85 Gy

Rectal (pre-

operative) = 46 Gy

Therapeutic ratio:
Å Eradication of the tumor ( Local Control, Disease Free Survival)
Å A high quality of life (QoL)
Å Prolongation of survival (Overall survival)

Prescribed Dose

GTV = 70 Gy

CTV = 50 Gy



FRACTIONATION ???

Å Repair (recovery)
Å Redistribution ( reassortment)
Å Re-oxygenation
Å Repopulation
Å Radiosensitivity intrinsic

The radiobiologic process depends on time

Fractionated radiotherapy during reoxygenation

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



Fractionation Schedules in Radiotherapy

Conventional Fractionation

Hypofractionation: Larger dose per fraction, lower number of fraction

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

same total time 

AM

PM

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

AM

PM



Partial remission (>50% reduction)

Complete remission
(tumors <10 8 (0.1 cc) canôt be 
reliably detected with current 
imaging)

Adapted from Fowler

The aim of 
radiotherapy is to 
eradicate 
clonogenic tumor 
cells.

Slide courtesy of  Prof Albert van der Kogel, Adapted.

Can my patient STOP her radiation treatment if 
her tumor is no longer detectable clinically?

So if you canõtseethe tumor, it doesnõtmean there
is no tumor, you MUST give the radiation with
curative dosage



The Five Fundamental Questions of 
Radiation Therapy

ÅWhat is the indication for 
radiation therapy?

ÅWhat is the goal of 
radiation therapy?

ÅWhat is the planned 
treatment volume?

ÅWhat is the planned 
treatment technique?

ÅWhat is the planned 
treatment dose?

Would radiotherapy be efficacious for the 
patient? The gold standard is phase III

Curative or palliative

GTV, CTV, PTV (ICRU 50 and ICRU 62)

Conventional RT, 3D-CRT, 4D-Adaptive 
RT, IMRT, VMAT, IGRT, Brachytherapy

GTV = 70 Gy
Elective Lymph Node = 50 Gy
Palliative = 40 Gy

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



Therapeuticratio
Howtoincreaseit?

AdvancesinTechnologyandSciences
Physicalaspectsapproach

Å Immobilizationdevices(Stereotactic,framelessstereotactic)

Å Technologicalinnovationin radiotherapydelivery(3 D CRT,IMRT,IGRT,Rapid
Arc,4DART)

Å Implementationofbiologicimaging(MRS,PET-Scan)

Radiotherapy  Goal

Biologic targeted approach
Å Altered fractionation scheduling.
Å Combined modality treatments using chemical or biologic agents ï

Chemotherapy, Hypoxia Modifier. 
Å Targeting molecular processes and signaling pathways ïTargeted Therapy.
Å Other ionizing radiation source ïproton, neutron heavy ion.



Image
Intensifier CT MRI PET PET CT

4D PET  4D CT

мфрлΩǎ мфтлΩǎ мффлΩǎ2000 2003

IMAGING

THERAPY
4DART 

IGRTCo-60

3DCRT

1951 1985 1988 2003 2004

LINAC

1952

IMRT

2000

мфулΩǎ

TOMOTHERAPY

MILESTONESIN RADIOTHERAPY

2DCRT

IMRT

3D-Conformal2D-Conventional
IMRT+ 

Theranostic

Imaging IGRT



Therapeutic Ratio in Radiotherapy

?
Biological Aspect

Physical Aspect

IMRT

IGRT
4DCT



Target Definition:
Bony landmark Č Volume / Target / organ definition

1. Courtesy of Karin Goodman, ASTRO refreshment course, 2016.

Bony landmark Target ORGAN delineation



2D AP-PA3D BoxIMRT

IsodoseCoverage 95%

IMAGE GUIDED 
w!5Lh¢I9w!t¸ Χ LDw¢

TOMOTHERAPY



Conventional RT VsConformal RT

IMRT is standard of care in head & neck RT



3D Technique

IMRT For Breast Cancer 

TomotherapyFor Breast Cancer



Å Techniquessuchas VMATand helical tomotherapy can handle
the concaveinterface between the OARsand the PTVof rectal
cancerby creating conformal dose distributions, resulting in a
significant decreaseof the irradiated volume of small bowel
anda favorabletoxicity profile.

Å We calculatedan appropriateCTVto PTVmargin by combining
the internal organmovementby measuringthe deformation of
the mesorectum and the intrafraction movement based on
bony anatomyby useof MV-CTimaging.

Int. J. Radiation Oncology Biol. Phys., Vol. 74,

Conclusions : The combination of helical tomotherapy
and daily MV-CT imaging significantly decreases
the irradiated volume of small bowel and its NTCP

IMRT + IGRT
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Stereotactic Radiosurgery Process
in CiptomangunkusumoHospital 

immobilisation localisation

Deliniatingtarget 
and organ at riskTreatment planning

Verification IGRT
Treatment delivery





Linear regression curves for
maximal tumor diameter resulting
from CT-imaging (2 observers,red
and black) (A), MR-imaging (2
observers)(B),manualPETcontours
(2 observers) (C) and automatic
PET-contours (D). The dotted line
represents the ideal situation of
absolute agreement between two
modalities.

AutomaticallygeneratedPET-CTbasedcontoursshowthe best correlation with the surgicalspecimenand
thus provide a useful and powerful tool to accuratelydetermine the largest tumor dimension in rectal
cancer. Thiscouldbeusedasa quickandreliabletool for targetdelineationin radiotherapy.

J. Buijsen et al. / Radiotherapy and Oncology 98 (2011) 270ς276


