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PATIENT SET UP CRT 3D-CRT POSITIONING AND IMMOBILIZING

Positioningisnot immobilization

confortableĄ mantain the
positionfor longtime

Helpthe OARsparing



POSITIONING AND IMMOBILIZING

ImmobilizationIn 3D-CRT: 
customizedto the patient

PATIENT SET UP CRT 3D-CRT

Immobilizationin CRT: 
Desirable



ImmobilizationIn 3D-CRT: 
customizedto the patient

PATIENT SET UP CRT 3D-CRT



BasicCRT

Skinmarker

IAEA-TECDOC-1588

Immobilization: Desirable



BasicCRT

Field Shapeand dimension drawn on
simulation films



BasicCRT

ManualCalculation(1-D )

Contourindividualslices

Isodose on centralslice



BasicCRT 
optional

few CT slices optional

Dose calculation  2-D (slice) ± inhomogeneity



SkinMarker

ImageAcquisition3D-CRT

adjacentthin slicesCT slices
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ImageAcquisition3D-CRT

THECTcoordinatesystemand origin ISEXPRESSED
BYLASERS

coordinate system on the patient,



O

Y

X

Z

Thecoordinatesystemof the equipmentmust match with the coordinatesystemon the
patient, andthe two originmustmatch.

RadiopaqueMarkeroverthe skinmarkerin order to seethem in CT aquisition

ImageAcquisition3D-CRT

SkinMarker
+

RadiopaqueMarker



II° STEP: DATA ACQUISITION

ImageAcquisition3D-CRT



TPS or contouring
Station 

IMAGING

Contouringin 3D-CRT

In TC SLICESAND A 3D VOLUMERECONSTRUCTEDFROM SLICES,Radiation
Oncologistor RadiationTherapyTechnologistcountour:
üGROSSTUMORVOLUME(GTV)
üCLINICALTARGETVOLUME(CTV)
üORGANSATRISK



Imageregistrationwith other Modality for Contouringin 3D-CRT

Optional in 3D-CRT 
Mandatoryin Advanced3D-
CRT



PTVis a geometricconceptdesignedto ensurethat the radiotherapyprescriptiondoseis
the dosedeliveredto the CTV.

PTV: PLANNING TARGET VOLUME

3D-CRTPTV

PTV=CTV+IM+SM:
the internal margin(IM), that takesin accountthe variationof CTVthat mayresult from:
×respiration
×different filling of bladderandrectum
×heathbeat
×intestinemovements
×...
they arephysiologicalvariationswhicharedifficult or impossibleto control.

the set up margin (SM), that takes in account the overall inaccuracyand lack of
reproducibility in patient positioning,in beam alignmentand field dimensions during a
sessionandthroughall treatment session. they dependson:
×variationin patient positioning
×mechanicaluncertaintiesof the equipment
×dosimetricuncertainties
×transfersetup errorsfrom CTor simulatorto the treatment unit
×humanfactors

ICRU 51-62



SMIM
ITV CTV

MedicalPhysicist:
Audit of set up error

ICRU 50 o M. VAN HERKand otherŦƻǊƳǳƭŀΧ

3D-CRTPTV



in somespecificcircumstances,it is necessaryto add a marginanalogous
to the PTVmarginaroundan or to ensurethat the organcannotreceivea
higher than safe dose; this givesa planning organ at risk volume. This
applies to an organ such as the spinal cord, where damageto a small
amountof normaltissuewould producea severeclinicalmanifestation.

PRV: PLANNING ORGAN AT RISK VOLUME

OR

PRV

3D-CRTPRV



TPS

3D-CRTTPS

Commissioning



IMAGING WITH X-RAY COMPUTED TOMOGRAPHY

CT Calibration

in order to calculatethe doses, the
TPS use the electronic or mass
density relative to water of the
different componentsof the body

CALIBRATION CT N° VS RELATIVE 
ELECTRONIC  or  MASS DENSITY

Electron 
density

(HU) 
120kV    

SB3 CorticalBone 1.695 1229.5

CB2 - 50% CaCO3 1.466 827.6

CB2 - 30% CaCO3 1.278 460

B200 Bone Mineral 1.105 240.1

Inner Bone 1.097 223.3
LV1 Liver 1.072 92.2

BRN-SR2 Brain 1.047 30.4

Acqua 1.000 2.7

CT Solid Water 0.988 7.325

BR-12 Breast 0.958 -39.4

AP6 Adipose 0.930 -88.2

LN - 450 Lung 0.420 -554.2

LN - 300 Lung 0.269 -706.2



TPS

3D-CRTPlanning

3D-CRTTPS

Commissioning

CALIBRATION CT NUMBER  VS RELATIVE 
ELECTRONIC  or  MASS DENSITY

3D volume and slices
with contoursof OAR 
and Target



ISOCENTER 

AT 100 cm FROM BEAM FOCUS

IN THE3DCRTTREATMENTTHEISOCENTERISLOCATEDGENERALLYATTHECENTER,
ORINTHECENTRALPART,OFTHEPTV(SADTECNIQUE)



ΧƻǊƛƎƛƴcouldbe
different from
isocenter

ISOCENTER 



D120%

BEAM ENERGY



preferably, small depth target, low energy, big depth target, high
energy(exceptlow electrondensitytissuesςfor examplelung)

because... άǘƘŜalgorithmshavedifferent accuracyparticularly
in low hounsfieldunits (low density)ǊŜƎƛƻƴǎέ....6 MV photons
maybe the prudentchoice.

BEAM ENERGY

avoide energy җ8 MV in the presence of CIED or
Pacemakerbecause the production of neutron could
damageelectricaldevices



BEAM ANGLE

COPLANAR FIELD

GANTRY ANGLE

COPLANAR FIELD



GANTRY ANGLE

COPLANAR FIELD



BEV

BEAM EYE VIEW

GANTRY ANGLE



BEV

ISOCENTER PLANE

BEAM EYE VIEW

GANTRY ANGLE

CollimatorAngle 
and Shelding



GANTRY  ANGLE

NO COPLANAR FIELD

COUCH ROTATION



GANTRY  ANGLE NO COPLANAR FIELDCOUCH ROTATION



Collision



at any depth (Χ) the field dimensions
correspond to the 50% of the dose
on the beamaxisΧ

FIELD DIMENSION



in both directions(xandy) the field edgemustbe biggerthan the PTVdimension of 5÷10 mm

ICRU50: ... άŀcertain degreeof heterogeneity,today in the best technicaland clinical
conditions,shouldbe +7%and-5%of DPRESCR.έ

FIELD DIMENSION



EXAMPLE WITH MLC



EXAMPLE WITH MLC



DOSE PRESCRIPTION

3.3 generalrecommendationsfor reportingdoses:
the dosesat or near the center of the planning target volume as well as the maximumand the
minimumdoseto the PTVshallbe reportedΧ

3.3.1 the ICRUreferencepoint
the ICRUreferencepoint shallbeselectedaccordingto the followinggeneralcriteria:
Åthe doseat the point shouldbe clinicallyrelevant and representativeof the dosethroughout the

planningtarget volume
Åthe point shouldbe easyto definein a clearandunambiguousway
Åthe point shouldbe selectedwherethe dosecanbeaccuratelydetermined(physicalaccuracy)
Åthe point shouldbe selectedin a regionwherethere isno steepdosegradient

FROM ICRU 50

a treatment plannedin SADcondition, is usuallynormalizedand prescribedat isocenterthat became
the ICRUreferencepoint

Χ.but the isocenterandthe prescriptionpoint couldbedifferent.
Åis this casenormaliationmust match with the prescriptionpoint that becamethe ICRUreference

point



WEDGE in some situations, there is the necessityto introduce a beammodificatorto
correctthe isodosescurves, to maintain a correctdose distribution on PTV



The beams pass through different 
ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƛǎǎǳŜΧ ǎƻ WEDGE 
COULD BE USEFUL TO REDUCE HOT 
SPOSTS AND INCREASE COVERAGE

WEDGE



WITH PHYSICAL WEDGE

WEDGE



PHYSICAL WEDGE



FiFTECNIQUE



FIELD WEIGHT
307_1 45.60%
131_1 45.60%
307_2 5%
131_1 5%

FiFTECNIQUE

Visualization
of D95%

Visualization
of D95%



75% BEAM WEIGHT=THAT BEAM GIVE THE 75% OF THE 
PRESCRIBE DOSE AT THE PRESCRIPTION POINT

BEAM WEIGHT



BEAM WEIGHT



DVH

QUANTITATIVEEVALUATION: DVH

A 3-D treatment planconsistsof dosedistribution informationovera 3-D matrix of VOXEL
in theǇŀǘƛŜƴǘΩǎanatomy.
In its simplest form a DVHrepresentsa frequencydistribution of dose valueswithin a
definedvolumecontoured.
5±Iǎ ŀǊŜ ǳǎǳŀƭƭȅ ŘƛǎǇƭŀȅŜŘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǾƻƭǳƳŜ  όάǇŜǊ ŎŜƴǘ ƻŦ ǘƻǘŀƭ  ǾƻƭǳƳŜέ ƻǊ ƛƴ  ƛƴ ŎŎύ 
ǘƘŀǘ ǊŜŎŜƛǾŜŘ ǘƘŜ ŘƻǎŜ җ ǘƘŜ ǾŀƭǳŜ ƛƴ ŀōǎŎƛǎǎŀ ό҈ ƻǊ Gy).
The main drawbackof the DVHsis the lossof spatial information that results from the
condensationof datawhenDVHsarecalculated.

DOSE VOLUME HISTOGRAMS

җфр҈

98% of V



HomogeneityIndex(ñPTV DVH steepnessò) 

ionDprescript

DD
HI

%99%1 -
=

DX%= Dose at X%of PTV Volume

ConformityindexL. Feuvretet al. I.J.RadiationOncologyBiologyPhysics2006Ą CN CƻǊƳǳƭŀ  ±ŀƴΩǘ Riet

Conformitynumber(ñhow referencedose fit the PTVò)

RI

RIRI

V

TV

TV

TV
CN ³=

RI = referenceisodose
VRI = referenceisodose volume
TV = target volume
TVRI= target volume coveredby referenceisodose 

= intersectionof TV and VRI

OTHER QUANTITATIVE EVALUATION : EXAMPLES

HealtyTissueConformityIndex

RI

RI

V

TV
HTCI=

RI = referenceisodose
VRI = referenceisodose volume
TV = target volume
TVRI= target volume coveredby referenceisodose 

= intersectionof TV and VRI



DRR

Digitally Reconstructed Radiographs

A digitally reconstructed radiograph (DRR) BECOME THE REFERENCE IMAGES FOR THE SET 
UP  OF THE PATIENT BEFORE THE TREATMENT

A digitally reconstructed radiograph (DRR) is the 
ŀǊǘƛŬŎƛŀƭversion of an X-ray image. It can be 
computed from CT data and is a two-dimensional 
(2D) image simulating a normal X ray image or 
ƅǳƻǊƻǎŎƻǇƛŎimage. 



METALARTIFACTS

REPORT 63 AAPM (2003): Dosimetricconsiderations for patients with HIP prostheses undergoing pelvic 
irradiation

Metal Prostheses
mustbe avoid

Contourartifact and assignea 
new density value, generally
water

the impact of dental metal artifactson head and neck imrt dose distributions  (Radiotherapyand Oncology79 
(2006) 198ς202)



Patients with breast cancer can be (very) long term survival
patients, and this is a good endpoint in breast cancertreatment.
However, just becauselong-term survival patients, the radiation
treatment can stimulate the development of radiation-induced
cancers, which includes second primaries in the contralateral
breast.

3D-CRT PLANNING: BREAST CASE

BREAST

LeftAnterior Descendingartery
(LAD)



OAR Dmax
Gy

Dmean
Gy

Contraints Other, if it is
possible

LAD 20

Heart 20 5 V5%< 25% Dmean<3Gy

Lung V15Gy< 15% 
V5Gy< 42% 

Isodose 50% 2cm 
from thorax wall

ControlateralBreast 3%

PTV Prescription N° fraction Dose for Fraction

PTV 50 Gy 25 2 Gy

Standard treatment tecnique:  2 tangentialfieldswith
wedgeor FeFtecnique

3D-CRT PLANNING:  
BREAST CASE



Open in air > 
2cm

3D-CRT PLANNING: BREAST CASE

6 MV



Χ.pairof tangentialradiationbeamswith wedgesΧ.

ALIGNE THE PENUMBRA OF THE TWO FIELDS  allow
FOR THE MINIMUM PENUMBRA versus HEART and 

Lung

3D-CRT PLANNING: BREAST CASE



3D-CRT PLANNING: 
BREAST CASE



LAD DMAX 20 Gy

3D-CRT PLANNING: 
BREAST CASE



LAD DMAX 20 Gy

3D-CRT PLANNING: 
BREAST CASE



ControlateralBreastisOAR

3D-CRT PLANNING: BREAST CASE

ShoulbeҖмΦрŎƳ



3D-CRT PLANNING: BREAST CASE

PRESCRIPTION POINT = ISOCENTER



3D-CRT PLANNING: BREAST CASE

tw9{/wLt¢Lhb thLb¢ ґ L{h/9b¢9w



3D-CRT PLANNING: PANCREAS CASE



OAR Dmax
Gy

Dmean
Gy

Contraints Other, if it is
possible

Spinalcoord 50 Dmax<45Gy

Kidney 18 V12Gy< 55% 
V20Gy< 30%
V28Gy< 20%

Liver 30

Intestine/Stomach
(peritonealcavity)

50 V45Gy <195CC

Heart V25Gy <10%

PTV Prescription N° fraction Dose for Fraction

PTV45 45 Gy 25 1.8 Gy

PTV54 54 Gy 25+5 1.8 Gy

3D-CRT PLANNING: PANCREAS CASE

1 PLAN 25 FR ON PTV 45+ 2 PLAN 5 FR ON PTV 54



Startingtreatment tecnique:  4 box fields(180°-90°-0°-270°) 
with prescriptionto isocenter and equalweights, Higest
energy

3D-CRT PLANNING: PANCREAS CASE



I° Plan:PTV45

LateralBEV

3D-CRT PLANNING: PANCREAS CASE


