Radiation protection issues in practice of
pediatric radiotherapy
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Introduction
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Radiation protection, 1s defined by the
International Atomic Energy Agency (IAEA) as
"The protection of people from harmful effects
of exposure to 10nizing 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...

1. Protection of the Treatment planning
patient during UL

Planning process
treatment N overvie\ip

th'uigment Patient data required for
shielding . planning
Collimation system Equipment I Treatment Machine data required

St e & (/ Design Planning for planning
control I Basic dose calculation

2. Protection of I Cbmputerlzed treatment

pl&ning
others Tr?eltment Planning

. . .
Room shielding. commissioning & QA

= «Sources of

= Dose treatment 'uncertainty
outcome and shouli be = ° Methods to verify
controlled within 5% * dose delivery

* Calibration traceabiliyy : IV. Verification& | / + CBCT/
: qualified experts & III. - Dosimetry Reporting EPID
appropriate Protocols * Invivo

" In vivo dosimetry & > dosimetry
external audits = Prescription &
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Cobalt-60 25 % 4.5% /cm

4 Mv 22 %

15 % . 3.5%/cm
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Optimum energy versus site
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Childhood Cancer Incidence

ancers) Male  Female

eukemia (25-30%) Prostate Breast
Brai Lung/Bronchus Lung/Bronchus
—— Colon / Rectum Colon/Rectum
Hodgkn.l s disease (other Bladder Uterus
lymph01d ) Lymphomas Ovary
N on-Hodgkin’s Lymphomas Oral cavity Skin Melanoma
Skll’l clanoma A

Connective/soft tissue

Urinary organs
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Patient preparation : Anaesthesia / sedation
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Anesthesia is a safe and effective method of immobilizing children
(uncocperative)



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

s (30 choard



Patient preparation Immobilisation / Fixation
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Treatment-Planning Process

2D/3D patient Image
(CT, MRI, PET..)

Plan optimization (# of
beams, beam angle,

energy, wedge, weight,
intensity distribution)

Target, organ delineation

: ntation I i
(segmentation) Dose calculation

\
Plan evaluation (isodose

BEV field design (beam
angle, aperture)

display, TCP, NTCP)

b“ﬁ; z
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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.




AN

5
N

IAEA

N\ 224

* 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)
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Treatment-Planning Process: Image Segmentation

Manual segmentation Auto segmentation

{ time-consuming} { review 22 )

201 12632

-8.00 {cm}

{:@‘& Contours drawn ......
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PTV and PRV

Margins are Overlapping margins
not force complicated
problematic tradeoffs in Optimization!







Treatment-Planning Process : Plan Optimization

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

C512340:GyINRT D CI2340cByVHAT
A
Density overrides used in Monaco calculation / Electron densities are overnidden on structures that may be overlapped
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* (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,
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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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Original Article

Comparison of Electronic Portal Imaging and Cone Beamm Computed Tomography
for Position Verification in Children

M.S. Zaghloul ., AG. Mousa "+, E. Eldebawy T§, E. Attalla ", H. Shafik™, S. Ezzat £
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Megavoltage cone beam computed tomography:
Commissioning and evaluation of patient dose

Hassan S. Abou-elenein, Ehab M. Attalla, H. Ammar, Ismail Eldesoky., Mohamed Farouk,
Mohamed S. Zaghloul

Department of Radiotherapy, Children’s Cancer Hospital, Egypt
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ORIGINAL ARTICLE

Geometrical uncertainty margins in 31> conformal
radiotherapy in the pediatric age group

Fman Fldebawy., Ehab Attalla, Ismail Fldesoky., Mohamed S. Zaghloul *
v Cancer Hospital Egvpr (OO E ), Eavpr
W siry, Caire, Eovpr

Received 4 April 201 1: accepted 30 Mhay 2011
Available online 10 October 201 1

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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A system that can manage patient treatment schedules, treatment plans, treatment
delivery, treatment summaries, and results 1s assured.

gology 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.

IMRT in Head & Nec
W,
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Conventional Craniospinal Irradiation Technique
(Can be supine or prone)

Historically, CSI has
y been treated using 3D
Lateral Opposed N CRT consisting of
Whole Brain Fields ; Imm<]))‘bel\1]1izcaet10n OppOSiIlg whole brain
and posterior spinal
Collimator rotation g fields. With the
; PA Spine Field increased use of IMRT
techniques in the clinic
today, these patients can
also be treated step-
and-shoot IMRT, sliding
. window IMRT,
e volumetric-modulated
\ = arc therapy (VMAT)

06+ 04 /2009
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Supine Craniospprinmnal Irradiation In Children: Patient
Position Modification. Dose Ul niformmiity And Early
Adverse Effects

M.S. Zaghloul., E. FEldebawy. E. Attalah. S. Ahmed. WI. Wazmy. H. Aboel A mnir

Radiation Oncology Department., Children®s Cancer Hospital. Egcypt (CCHIE) and WNational

Cancer In
o bstrract

Backgrouwund:

IDaifferent cramiospinal aaradiatnon techniqgues
are complex. The homogenceity of the dose to
the target and the normmal assues at risk affect
borthh the control rate and the level of adverse
cffects.

Patients and methods:

Thirty one patients were treated wwiaithh ST i
the supine position. Custom-—made Styrofoarn
mras taillored for cach paticnt to straizghten thhe
convexity and concawvity of the
allowing better dose distribution

spinal axais
uniformitsy
durnnng CSI technigue. Inm the first & patients.
CT simulation were performed twice: one tiime
withh the paticnt lyving directly omn the wvacuuwuiin
mattress without the foam (the conventional
smraw ) alnd the second while lIyving on the foarmm.

itumte. Cairo Universit

Cairo. Escyvpt

or portal 1mage device. Weeklsy featheringe
(shifting of the juncrtion between the 2 adjacent
radiation fields) was routinely performmed.

Results:

The o5 dose daistribution
coverage with the foam (p—0 .0
hot volume of 110%% and 1059
si1enificantl lesser thhan conventional techniqgue
(bothh p—0.0238)». The organs at risk rececived
nearly simmilar radiation doses 1 the 2 positions.
The CSI led to minimal immediate adverse
cffects that were rewversible., Weight loss was
experniecnced by 55 of patients.

had better
» while the
dosage were

Conclusiomn:

This modified technigue of CSI i1s simple,
cnsuring better dose distribution to CSI taroccoet
swrathout increasing the dose to the sumroundinges
organs at rislk . It is tolerable and safe to appls.

IDosce dastmbution was calculated using a 31D
conforimal planning. The cap between the
ficlds was determined using isodosce alignincnt
method. All
during the first 3 treatment sessions and once
mrecelkls thercafter

Keyvwords

Crcarriosprrrraal Fr i i or, STLPITFt e,
treatiment portals were wverified MNediellloblasrorria,. NS lemckerriia. Corjforrral
Fardiorfterapy, DD CRT, Irrnirmnediare
effects.

cacdverse

using cither cone-—beaim

Pretreatment quality assurance dosimetry film demonstrating a
position of the cranial and spinal fields. The film veriiicd 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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Craniospinal Irradiation Technique
Three techniques :3D,IMRT & VMAT
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Total Body Irradiation for Leukemia
Movement couch & Beam Zone Technique

* The TBI technique studied is an AP/PA treatment ,
patient lies on a table placed directly on the floor
with source-to-skin distance (SSD) of 200 cm

* Treatments are delivered using 6 MV photon beam,
field size of 80 cm * 80 c¢m 1n extended SSD ,with
constant speed ,constant dose rate 50 ¢cGy/min and
velocity .

* The prescribed dose 1s 12 Gy in five fractions 2.4 Gy
per fraction delivered over five days. This technique
uses a translating couch , and the velocities are
optimized to deliver a uniform dose at patient midline
along the craniocaudal midline axis (at the level of
the umbilicus) .

* The dose variation throughout the body between the

measured and calculated dose should maintain within
+10 % of the prescribed dose.

% ‘ﬁ .
&

i\ W I A E A Recent Advancement in Radiation Medicine , " 03/02/2020
ok

Kuwait ; 26-28 Jan., 2020




* The lungs dose must be
reduced by (20 -25) % of the
total prescribed dose due to
the low lung density and due
to scattered radiation from
surrounding tissues.

* (CT- localization 1s required 1n
the treatment position for the
determination of lung dose.

» Absorbed dose calculate d at
the patients in (12) different
regions ,

* the reference dose 1s specified 1
as the total dose to mid
abdomen dose in the level of
the Umbilicus.
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Lung shield calculation

Dose reduction of the lung
about (-20 %) of the total ““’i
prescribed dose. !

Individually shaped partially
transmitting shield of
calculated thickness are used.
Thorax wall separation, lung
density, and mid lung
separation are parameters for
the lung shield thickness
calculation can be measured
from the CT localization. |
Verifying the calculated dose ~ *
using INVIVO Dosimeter is
mandatory.
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IMRT- Potential Pitfalls

e 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)

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

* Lower biologic effective doses for longer
treatment times

¢ LN\

(&) IAEA
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CRITICAL REVIEW

INTENSITY-MODULATED RADIATION THERAPY., PROTONS, AND THE
RISK OF SECOND CANCERS

Eric J. HarL, D.PaL., D.Sc.
Center for Radiological Research, Columbia University Medical Center, College of Physicians and Surgeons, New York, NY

Intensity-modulated radiation therapy (IMRET) allows dose (o be concentrated in the fumor volume while
sparing normal tissues. However, the downside to IMET is the potential to increase the number of radiation-
induced second cancers, The reasons for this petential are more monitor units and, therefore, a larger foial-body
dose because of leakage radiation and. becanse IMRET involves more fields, a bigger volume of normal tissue is
exposed to lower radiation doses. Intensity-modulated radiation therapy may double the incidence of solid
cancers in long-term survivors. This outcome may be acceptable in older patients if balanced by an improvement
in local tumoer control and reduced acate toxicity, On the other hand. the incidence of second cancers is much
higher in children. so that denbling it may not be acceptable. IMRT represenis a special case for children for
three reasons. First, children are more sensitive to radiation-induced cancer than are adults. Second, radiation
scattered from the treatment volume 15 more important in the small body of the child. Third. the question of
genetic susceplibility arises becanse many childhood cancers involve a germline mutation. The levels of leakage
radiation in current Linacs are not inevitable, Leakage can be reduced but at substantial cost. An alternative
strategy is to replace X-rays with protons. However, this change is only an advantage if the proton maching
employs a pencil scanning beam. Many proton facilities use passive modulation to produoce a field of sufficient

that characteristic of IMET. The benefit of protons is only achieved it a scanning beam is used in which the doses
are 10 times lower than with IMRT.  © 2006 Elsevier Inc,

Intensity-moedulated radiation therapy. Fassive moduolation, Pencil beams, Frotons, Secomnd cancers.
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Proton / Carbon therapy
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CLINICAL INVESTIGATION
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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

I%IQH of uniform dose over the depth of the target.
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CLINICAL INVESTIGATION Second Malignant Tumors

THE EFFECT OF INTENSITY-MODULATED RADIOTHERAPY ON
RADIATION-INDUCED SECOND MALIGNANCIES

Jeremy D. Rusen, F.C.Rap.Onc., FRANZ.C.R.* Spney Davis, EF.Rap.(T)., FRAN.Z.C.R.*
CHerie Evans, B.Ape.ScL,® ParLLre Jones, B.APe ScL,* Frank GacLiarDr, M.Sc.,*
MattHEW Havnes, PH.D.* anp Avistar Huwter, Pu.D.

=*Willizm Buckland Radiotherapy Centre, Melbourne, Australia; " Monash University, Melbourne, Australia; and ’Depm‘tnmt of
Radiation Unmcology, Groote Schuur Hospital and University of Cape Town, Cape Town, South Africa

Purpose: To compare intensity-modulated radiotherapy (IMRT) with three-dimensional conformal radiotherapy
(AD-CRT) in terms of carcinogenic risk for actual clinical scenarios,

Method and Materials: Clinically equivalent IMET plans were generated for prostate, breast, and head-and-neck

A=bomb survivor data corrected for fractionation. Dose—volume histogram analvsis was used to determine dose
aml its distribution to nontargeted tissues within the planming CT scan volume and thermoluminescent dosimetry
for the rest of the body, Carcinogenic estimates were calculated with amd without a correction factor accounting for
cancer patients” advanced age and reduced longevity.,

Resulis: For the model assuming a plateanin risk above 2-Gy single-fraction-equivalent (5FE L IMRT and 3D-CRT
produced risks of L7% amnd 2.1 %, respectively, for prostate; L9% and L8%, respectively, for nasopharyvix; 1%
each for tonsil; and 1.4-2.2% and 1.5=1.6%., respectivel v, depending on techmi gue, for breast. Assuming a redoction
in risk above 2-Gy SFE, risks for IMRT amd 3D-CRT were L1% and 1L.5%. respectivel v, for prostate; L4% and
1.2%, respectively, for nasopharynx: 1% each for tomsil; and L3-1L8% vs, L3-L6%. respectively, for breast.

Conclusions: Carcinogenic risks were comparable in absolute terms between modalities, Risks are dependant on
techmigue nsed. Risks with IMRET are influenced by monitor umit demand amd are therefore soltware/hardware de-
pendant. The dose—res ponse model accounting for cell Killing at higher doses fited best with actual observed
risks. @ (M8 Elsevier Inc

IMET. Carcinogenesis, Late effects, 3D conformal radiotherapy, Secomd malignancy.
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Mccording to the American Society for Radiation Oncol- As the number of institutions proliferates. expert opinion is
ogy’s Model Policy published in 2014 (1), solid tumors in important in guiding safe and rational adoption and use of

children are considered among the highest priority ftor this technology in yvoung patients. In

June 2015, 24 inter-

proton therapy. Worldwide. there are currently 54 facilities national leaders in pediatric radiation oncology. pediatric
offering proton thera and 61 more under construction (2). oncology, medical hyvsics., and radiobiolog convened in
£ £ 24
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Rombi er al. lralign Journal of Pediatrics 2014, 40:74

httpyfwawwijponlinenet'content/' 4001,/ 74 {\{:3 ITALIAN JOURMAL
OF PEDIATRICS

REVIEW Open Access

Proton radiotherapy for pediatric tumors: review
of first clinical results

- P .'|“ P . - . — 14 . - - _1__:._'- - P . IR - -1 - - . . - - . =1
Barbara Rombi |, Sabina Vennarini ', Lorenzo Vinante , Daniele Ravanelli’ and Maurizio Armichett

e following review presents the state

Keywords: Proton radiotherapy, Pediatric turmors, Late effects, Secondary tumors

Conclusions

* RT 1s effective in increasing local control in several pediatric tumors, but it 1s
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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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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Journal of Medical Imaging and Radiation Oncology 61 (2017) 402-409

RADIATION ONCOLOGY—ORIGINAL ARTICLE

The risk of secondary cancer in nasopharyngeal carcinoma
paediatric patients due to intensity modulated radiotherapy
and mega-voltage cone beam computed tomography

Reham S Sherif,’ Ehab M Attalla,”® Wael M Elshemey’ and Noha G Madian’

1 Department of Biophysics, Faculty of Science, Cairo University, Giza, Egypt
2 Radiotherapy & Nuclear Medicine Department, Mational Cancer Institute, Cairo University, Cairo, Egypt
3 Children Cancer Hospital, Cairo, Egypt
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Radiation Physics and Chemistry | The risk of secondary cancers
Journsl homepsge: whwwslseviar.comyigostalradahysohem - attributable to verification imaging
dose using MV-CBCT is very small
Dose estimation outside radiation field using Pinpoint and Semiflex Compared to therapeutic dose using

ionization chamber detectors

Ahmed M. Abdelaal”, Ehab M. Attalla”, Wael M. Elshemey“* IMRT-

“ Radiothemapy Department, Nasser Institute, Cairo, Egypt

PRI I Therefore, it is important to focus
on the risk of secondary cancers
ARTICLE INFO ABSTRACT . .
This work aims to provide a comparison between two important detectors (Pinpoint and Semiflex) that are attrlbutable tO therapeutlc dOSe

frequently used in radiation dosimetery in radiotherapy. This is carried out through the employment of both

detectors in a quantitative estimation of the change in out-of-field dose with important dosimetric parameters * * .
Out-of-field dose such as feld size (from 5x 5 cm® to 30 x 30 cm®) and depth (from 1.5 cm to 30 cm) at two different energies CSpeClally When us1ng IMRT Whel C
rDa:l:;e:ryapy (6 MV and 15 MV) and two different collimator angles (0-90"). The change in out-of-field dose with Source-Skin- >

Distance (SSD) from 80 to 115 cm is also studied using both detectors. Results show that, the Pinpoint and . . .

Semiflex detectors both reported an increase in out-of-field dose with field size, depth, energy and SSD. In almost the prOduced leakage radlatlon 1S

all measurements, Pinpoint detector reported considerably higher out-of-field dose values compared to Semiflex.

For 6 MV and 0" collimator angle, the out-of-field dose at field size of 30 =30 em® and at adepth of 1.5cm is

7.3% for Pinpoint detector compared to 4.3% for Semiflex. At collimator angle of 907, the out-of-field dose is ConSIderably hlgh Compared tO

6.5% for Pinpoint detector compared to 5.5% for semiflex The out-of-field dose for a depth of 30 cm and field
size of 10 =10 cm is 7.9% for Pinpoint detector compared to 5.9% for Semiflex. For 15 MV and 07 collimator

angle, the out-of-field dose at field size of 30 30 em® and at a depth of 1.5 em is 7.5% for Pinpoint detector tl o t h . ( h

compared 5.1% for Semiflex. At 6 MV, field size of 10 = 10 em™ and depth of 1.5 ¢m, the out-of-field dose at 55D Some O lel eC nlques Suc aS

115 cm is 3.7% for Pinpoint detecior compared to 3.4% for Semiflex. The considerably higher out-of-field dose .

values reported by Pinpoint detector compared 10 Serailles may be attributad to the relatively highsr sencitvity i f 1 d tl )

of Pinpoint detector for low doses (such as outwof-feld das;). Therefore, for reLiabJ.e’ out-of-field dose CI%II Orma ra 10 lerap 02/2020 44

measurements a Pinpoint detector is highly recommended.
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Quantitative Analyses of Normal Tissue Effects in the Clinic
(QUANTEC)

Table 1. QUANTEC Summary: Approximate DoseVolome M aoome Data for Several Organs Following Conventional Fractionation (Unkss Oihe rewise Nosed*
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Challenges in RP 1ssues 1n pediatric RT

 Normal tissue tolerance differences between children

and adults
* Secondary Cancer Risk
* Dose from Verification:  add/ subtract
* Concept about the Cancer patient with imaging
modalities
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