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Introduction 

• Radiation protection, is defined by the 
International Atomic Energy Agency (IAEA) as 
"The protection of people from harmful effects 
of exposure to ionizing radiation, and the means 
for achieving this". Exposure can be from a 
source of radiation external to the human body.
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BASIC FRAMEWORK OF RADIATION ROTECTION

• Principles of radiation protection and safety upon which the 
radiation safety standards are based are those developed by the 
ICRP.

• A practice that entails exposure to radiation should only be 
adopted if it yields sufficient benefit to the exposed individuals or 
to society to outweigh the radiation detriment it causes or could 
cause. This means the practice must be justified.

• Dose limits are not applicable to medical exposures resulting 
from diagnostic procedures applied in diagnosis of disease or 
therapeutic procedures applied in treatment of disease.
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Radiation protection in radiotherapy…   

I. Equipment 
Design

III. Dosimetry
IV. Verification & 

Reporting

II. Treatment 
Planning

1. Protection of the 
patient during 
treatment

 Equipment 
shielding
 Collimation system
 Patient comfort & 

control
2. Protection of 

others
 Room shielding.

Treatment planning 
concepts
 Planning process 

overview
 Patient data required for 

planning
 Machine data required 

for planning
 Basic dose calculation
Computerized treatment 
planning
Treatment Planning 
commissioning & QA

 Sources of 
uncertainty 

 Methods to verify 
dose delivery

• CBCT / 
EPID

• In vivo 
dosimetry

 Prescription & 
reporting

 Dose  treatment 
outcome and should be 
controlled within 5%
 Calibration traceability 

: qualified experts & 
appropriate Protocols
 In vivo dosimetry &  

external audits

Where?
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Megavoltage %DD
Energy Surface D max Depth 

10 cm
Depth 
20 cm

HVL
mm

decrement

Cobalt-60 25 % 0.5 55 25 11 4.5% /cm

4 Mv 22 % 1.0 60 35 11.8

6 Mv 15 % 1.5 65 40 13 3.5%/cm

10 Mv 2.5 14.3

18 Mv 14% 3.0 80 50 2% / cm

25 Mv 13% 4.0 81 55 13.7

Optimum radiation energy to use for each treatment site
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Optimum energy versus site
 

 
Site 

 

Optimum energy 
Co-60 

 
4MV 6MV 10-15MV 18MV 

Brain 
Head & Neck 
Breast 
Lung 
Lymphoma 
Pancreas 
Whole pelvis 
Pediatrics 

     

 

 

Optimum radiation energy to use for each treatment site
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Optimum energy versus site
 

 

 

 

Optimum energy  
   Site group 

 Co-60 
 

4-6 MV 
X-ray 

8-12 MV 
X-ray 

>15MV 
X-ray 

Electrons 

Head & Neck 
Gastro-intestinal  
Gynecological 
Breast 
Lymphomas 
Lung 
CNS 
Bone 
Skin & Eye 

20% 
15% 

 
35% 

 
10% 
10% 

 
 

55% 
 
 

30% 
60% 

 
70% 
50% 
15% 

 
 

20% 
 
 

90% 

5% 
80% 
75% 

 
35% 

 
15% 
50% 

20% 
5% 
5% 

30% 
 
 

5% 

Optimum radiation energy to use for each treatment site
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Different Situations:  Childhood / Adult Cancers

Childhood Cancer  Incidence 
(2% of all cancers)

Leukemia (25-30%)
Brain
Hodgkin’s disease (other 
lymphoid )
Non-Hodgkin’s Lymphomas
Bone/Joint
Connective/soft tissue
Urinary organs

Adult Cancer Incidence

Prostate Breast
Lung/Bronchus Lung/Bronchus
Colon / Rectum Colon/Rectum
Bladder Uterus
Lymphomas Ovary
Oral cavity Skin Melanoma
Skin Melanoma Cervix
Leukemia Leukemia

Male             Female
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Patient preparation : Anaesthesia / sedation

Anesthesia is a safe and effective method of immobilizing children 
(uncooperative)Recent Advancement in Radiation Medicine ,                                                                                   
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Patient preparation : Immobilisation / Fixation 
• Immobilises body in same position every day
• Reduces day to day variation in treatment position (potential source of 

error)
• Impression of the patient in the optimum treatment position: 

– Baseboard or any immobilization device ( vacuum mattress, knee & 
ankle rests,) 

– sheet of thermoplastic (Orfit) moulded around body part, 
fixed onto baseboard

Baseboard

thermoplastic
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Vacuum mattress

Patient preparation : Immobilisation / Fixation 
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Treatment-Planning Process

2D/3D patient Image 
(CT, MRI, PET…)

Target, organ delineation 
(segmentation)

BEV field design (beam 
angle, aperture)

Plan optimization (# of 
beams, beam angle, 

energy, wedge, weight, 
intensity distribution)

Dose calculation

Plan evaluation (isodose
display, TCP, NTCP)
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CT Simulator

Anesthesia
Water bath
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Treatment-Planning Process :   Imaging Data

CT scans provides the 
planning system with 
extremely accurate 
anatomical information but 
does not always optimally 
visualize the tumor

MRI scans can be used to 
provide a more detailed view 
of the tumor area, but 
requires additional process to 
be usable for planning.

CT and MRI data sets Aligned/Fused
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OAR

Delienation I 

• Margins are needed to account for 
uncertainties such as

• Motion during treatment
• Daily variations of motion
• Volume changes (growth, shrinkage)
• Heart beating, GI-motion
• Patient setup errors (3-5 mm)

CTV
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Treatment-Planning Process:   Image Segmentation
Manual segmentation

{ time-consuming}
Auto segmentation

{ review ?? }

Contours drawn ..….
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Delienation  II 
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Treatment-Planning Process
Field Multiplicity and Collimation
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Treatment-Planning Process :        Plan Optimization

Isodose curves Isodose surface

cord
PTV

eyes
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Dose display tools

Dose volume histograms (DVHs)
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Treatment-Planning Process :    Plan Optimization and Evaluation

• Quantitative plan evaluation, DVH , homogeneity index (HI), conformity index 
(CI),  conformity number (CN),  Furthermore, radiobiological indexes like 
Niemierko’s EUD-based tumor control probability (TCP) and normal tissue 
complication probability (NTCP)  Qualitative plan evaluation,

Recent Advancement in Radiation Medicine ,                                                                                   
Kuwait ;   26-28 Jan., 2020

03/02/2020 21



IAEA

Tumor

SC

Effect of planning techniques on the normal tissue
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Plan Verification
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Treatment Verifications    Cone-Beam CT CBCT
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All radiotherapy steps involves risk because even a small error in 
treatment planning , delivery or dosimetry can lead to negative 
consequences.
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Conclusions: The comparison between set-up error in EPID and MV-CBCT was not in favour of any of 
the two modalities. However, the two modalities were strongly correlated but fairly agreed and the 
differences between the shifts reported were small and hardly influenced the recommended planning 
target volume margin.

The additional dose to the patient from MV-CBCT study set with 5 MU at the isocenter of the treatment 
plan was 5 cGy. For EPID verification using two orthogonal images with 2 MU per image the additional 
dose to the patient was 3.8 cGy. These measured dose values were matched with that calculated by the 
TPS, where the calculated doses were 5.2 cGy and 3.9 cGy for MVCT and EPID respectively.
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This study showed the range of systematic and random 
set-up errors during the course of radiotherapy treatment 
for pediatric patients.
The estimated PTV margin was relatively larger in 
chest, abdomen and pelvis sites compared to head and 
neck patients owing to the less tight fixation and 
higher possibility for tilting and rotation in non head 
and neck sites.
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Oncology Information System 

A system that can manage patient treatment schedules, treatment plans, treatment 
delivery, treatment summaries, and results is assured. 
An oncology information system (OIS) can be used to manage these data. 
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IMRT in Pediatric Oncology- Current status
• 80% of centers adopted IMRT since 2000
• Most international pediatric protocols for CNS and other solid 

tumors allow the use of IMRT
• Indications, limitations and preliminary results are all with IMRT 

usage.
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Conventional Craniospinal Irradiation Technique
(Can be supine or prone)

Immobilization
Device

Lateral Opposed
Whole Brain Fields

PA Spine Field
Collimator rotation

Historically, CSI has 
been treated using 3D 
CRT consisting of 
opposing whole brain 
and posterior spinal 
fields. With the 
increased use of IMRT 
techniques in the clinic 
today, these patients can 
also be treated  step-
and-shoot IMRT, sliding 
window IMRT, 
volumetric-modulated 
arc therapy (VMAT)
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Pretreatment quality assurance dosimetry film demonstrating a 
position of the cranial and spinal fields. The film verified the 
evidence of the lack of overlap between the 2 fields and 
matching the divergence of spinal field with the inferior border 
of the half-beam blocked cranial field.
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IMRT

VMAT

3D

Craniospinal Irradiation Technique
Three techniques :3D,IMRT &VMAT
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IMRT

VMAT

3 D

VMAT

IMRT

3D

Craniospinal Irradiation Technique
Three techniques :3D,IMRT &VMAT
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Movement couch & Beam Zone  Technique 
Total Body Irradiation for Leukemia
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orbit

chin

neck

supra 
sternal 

Mid lung

Xipphisternium

Umbilicus

Sumph.pubis

Mid thigh

knee

Mid tipia

Ankle
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Lung shield calculation
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IMRT- Potential Pitfalls
• Increased risk of “MARGINAL MISS”
• Less homogeneous dose distribution
• Higher total body dose (leakage through the 

collimator and internal scatter as a result of 
increased beam-on time)

• Potential increased risk of radiation-induced 
malignancies( from1% to 1.75% at 10y)

• Lower biologic effective doses for longer 
treatment times
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Proton therapy
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Proton / Carbon therapy

Depth dose profiles of photons, protons, and carbon ions. Spread-out Bragg peaks 
(SOBP):  several beams of closely spaced energies are superimposed to create a 
region of uniform dose over the depth of the target.
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Conclusions
• RT is effective in increasing local control in several pediatric tumors, but it is 

often associated with severe late effects, including secondary tumors. 
• The physical advantages of protons, which decrease the dose to healthy

tissues, are promising in achieving significant clinical benefits. 
• Dosimetric comparison studies pointed out the superiority of protons over 

photons in several tumor locations.
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Children are more sensitive to radiation compared to adults

ICRP publication 60 ,1990

This shows that children have a 10% - 15% lifetime risk from radiation exposure 
while individuals above the age of 60 have minimal to no risk (due to the latency 

period for cancer and the person’s life expectancy).
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The risk of secondary cancers 
attributable to verification imaging
dose using MV-CBCT is very small 
compared to therapeutic dose using 
IMRT.
Therefore, it is important to focus 
on the risk of secondary cancers 
attributable to therapeutic dose 
especially when using IMRT, where 
the produced leakage radiation is 
considerably high compared to 
some other techniques (such as 
conformal radiotherapy).Recent Advancement in Radiation Medicine ,                                                                                   
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Challenges In Radiation Therapy
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A group of physicians (radiation and 
pediatric oncologists, subspecialists), 
physicists (clinical and modelers), 
epidemiologists who intend to 
critically synthesize existing data to: 
• Develop quantitative evidence-

based dose/volume guidelines to 
inform RT planning and improve 
outcomes

• Describe relevant physics issues 
specific to pediatric radiotherapy

• Propose dose-volume-outcome 
reporting standards to inform 
future RT guidelines.

PENTEC: Pediatric Normal Tissue Effects in the 
Clinic 
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• Normal tissue tolerance differences between children 
and adults

• Secondary Cancer Risk
• Dose from Verification :      add/ subtract
• Concept about the Cancer patient with imaging 

modalities

Challenges in  RP issues in pediatric RT

Recent Advancement in Radiation Medicine ,                                                                                   
Kuwait ;   26-28 Jan., 2020

03/02/2020 48



IAEA

Thank you
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