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AIM OF RADIOTHERAPY IN HEAD AND NECK 

� Radiotherapy remains integral part of 
treatment of Head and neck malignancies, in 
curative, post operative and palliative set 
ups.

� Aim:

� Highest possible locoregional control

� Preservation of function

� Good Cosmetic results

� Good quality of life



SPECIFIC OBJECTIVESSPECIFIC OBJECTIVESSPECIFIC OBJECTIVESSPECIFIC OBJECTIVES

� To identifyTo identifyTo identifyTo identify

1) Differences between 2D1) Differences between 2D1) Differences between 2D1) Differences between 2D----RT and 3DRT and 3DRT and 3DRT and 3D----CRTCRTCRTCRT

2) Chain of processes in 3D2) Chain of processes in 3D2) Chain of processes in 3D2) Chain of processes in 3D----CRTCRTCRTCRT

3) Transiting from 2D3) Transiting from 2D3) Transiting from 2D3) Transiting from 2D----RT to 3DRT to 3DRT to 3DRT to 3D----CRTCRTCRTCRT

4) Impact of IMRT4) Impact of IMRT4) Impact of IMRT4) Impact of IMRT

5) Ultimate goal 5) Ultimate goal 5) Ultimate goal 5) Ultimate goal –––– Adaptive RTAdaptive RTAdaptive RTAdaptive RT





CONVENTIONAL 2DCONVENTIONAL 2DCONVENTIONAL 2DCONVENTIONAL 2D----RT RT RT RT ---- 1960S1960S1960S1960S

� Simple treatment delivers uniform doses from Simple treatment delivers uniform doses from Simple treatment delivers uniform doses from Simple treatment delivers uniform doses from 

2222----4 beam angles.4 beam angles.4 beam angles.4 beam angles.

� Beam shape is either rectangular orBeam shape is either rectangular orBeam shape is either rectangular orBeam shape is either rectangular or

square.square.square.square.

� Beam hits healthy tissue as well as tumor Beam hits healthy tissue as well as tumor Beam hits healthy tissue as well as tumor Beam hits healthy tissue as well as tumor 

tissuestissuestissuestissues

� Doses have to be kept low to minimize harm to Doses have to be kept low to minimize harm to Doses have to be kept low to minimize harm to Doses have to be kept low to minimize harm to 

normal tissuenormal tissuenormal tissuenormal tissue



STEPS FOR 2D PLANNING

Positioning

• Supine position (usual)

• Head - extended

• Immobilization-

custom-made 

thermoplastic cast



TWOTWOTWOTWO----DIMENSIONAL (2D) RT FOR HEADDIMENSIONAL (2D) RT FOR HEADDIMENSIONAL (2D) RT FOR HEADDIMENSIONAL (2D) RT FOR HEAD----NECK NECK NECK NECK 

CANCERSCANCERSCANCERSCANCERS
Treatment area Treatment area Treatment area Treatment area ---- drawn on    drawn on    drawn on    drawn on    

orthogonal simulator films.orthogonal simulator films.orthogonal simulator films.orthogonal simulator films.

FieldFieldFieldField---- BilaleralBilaleralBilaleralBilaleral or or or or anteroanteroanteroantero

lateral Wedge pair portalslateral Wedge pair portalslateral Wedge pair portalslateral Wedge pair portals

� Matching third low anterior Matching third low anterior Matching third low anterior Matching third low anterior 

neck fieldneck fieldneck fieldneck field----added added added added 

sometimessometimessometimessometimes

� Treatment planning with Treatment planning with Treatment planning with Treatment planning with 

isodoseisodoseisodoseisodose plans on 1plans on 1plans on 1plans on 1----3 3 3 3 

planesplanesplanesplanes



2D2D2D2D----RT (CONVENTIONAL OPEN FIELDS)RT (CONVENTIONAL OPEN FIELDS)RT (CONVENTIONAL OPEN FIELDS)RT (CONVENTIONAL OPEN FIELDS)

2.5D2.5D2.5D2.5D----RT (CONVENTIONAL SHAPED FIELDS)RT (CONVENTIONAL SHAPED FIELDS)RT (CONVENTIONAL SHAPED FIELDS)RT (CONVENTIONAL SHAPED FIELDS)



2D RADIATION TREATMENT2D RADIATION TREATMENT2D RADIATION TREATMENT2D RADIATION TREATMENT

PLANNINGPLANNINGPLANNINGPLANNING





BENEFITS OF 2D PLAN

� Optimal field margins

� Large enough to prevent regrowth of the 

tumour

� Limited enough to prevent excessive 

irradiation to normal tissue

� Optimal dose distribution



CHALLENGES IN OPTIMAL DELIVERY OF CHALLENGES IN OPTIMAL DELIVERY OF CHALLENGES IN OPTIMAL DELIVERY OF CHALLENGES IN OPTIMAL DELIVERY OF 

CONVENTIONALCONVENTIONALCONVENTIONALCONVENTIONAL

RADIOTHERAPY FOR HEADRADIOTHERAPY FOR HEADRADIOTHERAPY FOR HEADRADIOTHERAPY FOR HEAD----NECK CANCERSNECK CANCERSNECK CANCERSNECK CANCERS

� Close proximity of tumour to organs at risk.

� Tolerance of normal tissues limits  the  

delivery of optimum high dose.

� Contour variation and tissue inhomogenity.

� Set up uncertainties.



3D3D3D3D----CRTCRTCRTCRT

( CONFORMAL RADIOTHERAPY)( CONFORMAL RADIOTHERAPY)( CONFORMAL RADIOTHERAPY)( CONFORMAL RADIOTHERAPY)

� Tumour volume and critical structures are 

drawn slice by slice on CT/MR Images

� BEV ( Beam’s eye view) are created

� Complex set of 4-6 beams with precise 

immobilization

� Tight margins are used



RATIONALE OF CONFORMAL RADIOTHERAPYRATIONALE OF CONFORMAL RADIOTHERAPYRATIONALE OF CONFORMAL RADIOTHERAPYRATIONALE OF CONFORMAL RADIOTHERAPY

� Achievement of Dose Escalation

-To Improve Loco-regional control

-To improve  disease free and overall survival

� Reduction in normal tissue complications

-To improve quality of life



BEAM MODIFICATION IN CONFORMAL RT

� Multiple fields including oblique and non co-

planar beams.

� Varying weightage and wedges.

� Multi-leaf collimators

� Shaped blocks- Cerrobend blocks or MLC



MULTIMULTIMULTIMULTI----LEAF COLLIMATOR (MLC):LEAF COLLIMATOR (MLC):LEAF COLLIMATOR (MLC):LEAF COLLIMATOR (MLC):

TRUE ENABLER OF CONFORMAL RADIOTHERAPYTRUE ENABLER OF CONFORMAL RADIOTHERAPYTRUE ENABLER OF CONFORMAL RADIOTHERAPYTRUE ENABLER OF CONFORMAL RADIOTHERAPY



2222----DIMENSIONAL CONFORMAL DIMENSIONAL CONFORMAL DIMENSIONAL CONFORMAL DIMENSIONAL CONFORMAL 

RADIOTHERAPY TO 3 RADIOTHERAPY TO 3 RADIOTHERAPY TO 3 RADIOTHERAPY TO 3 ---- DIMENSIONAL DIMENSIONAL DIMENSIONAL DIMENSIONAL 

CONFORMAL RADIOTHERAPY CONFORMAL RADIOTHERAPY CONFORMAL RADIOTHERAPY CONFORMAL RADIOTHERAPY 



TYPES OF ERRORS TYPES OF ERRORS TYPES OF ERRORS TYPES OF ERRORS 

� Discrepancy in intended and actual treatment 

position

� Systemic positioning errors

� Target delineation errors

� Recurring errors

� Treatment plan transcription errors



IMMOBILIZATION

� Patient immobilization 

is the most important  

step for all types of 

conformal therapy.





CTCTCTCT----SIMULATION:SIMULATION:SIMULATION:SIMULATION:

IMAGING FOR CONFORMAL PLANNINGIMAGING FOR CONFORMAL PLANNINGIMAGING FOR CONFORMAL PLANNINGIMAGING FOR CONFORMAL PLANNING

� High Resolution Diagnostic images

� 3-D Reconstruction capabilities

� 3-D Tumour / OAR localisation

� Networked to Treatment Planning



OAR DELINEATION



NORMAL STRUCTURE DELINEATIONNORMAL STRUCTURE DELINEATIONNORMAL STRUCTURE DELINEATIONNORMAL STRUCTURE DELINEATION



TARGET VOLUME DELINEATIONTARGET VOLUME DELINEATIONTARGET VOLUME DELINEATIONTARGET VOLUME DELINEATION

ICRU 50/62/83 GUIDELINESICRU 50/62/83 GUIDELINESICRU 50/62/83 GUIDELINESICRU 50/62/83 GUIDELINES

� GTV = Visible/palpable tumorGTV = Visible/palpable tumorGTV = Visible/palpable tumorGTV = Visible/palpable tumor

� CTV = microscopic extensionCTV = microscopic extensionCTV = microscopic extensionCTV = microscopic extension

� ITV = CTV + Internal margin (IM)ITV = CTV + Internal margin (IM)ITV = CTV + Internal margin (IM)ITV = CTV + Internal margin (IM)

� PTV = ITV + Set up margin (SM)PTV = ITV + Set up margin (SM)PTV = ITV + Set up margin (SM)PTV = ITV + Set up margin (SM)



TUMOUR VOLUMES



DOSE RESPONSE CURVE 



BEV PROJECTION FROM DIFFERENT ANGLES



TYPICAL 3DTYPICAL 3DTYPICAL 3DTYPICAL 3D----CRT DOSE DISTRIBUTIONCRT DOSE DISTRIBUTIONCRT DOSE DISTRIBUTIONCRT DOSE DISTRIBUTION



PLAN APPROVAL & TRANSFERPLAN APPROVAL & TRANSFERPLAN APPROVAL & TRANSFERPLAN APPROVAL & TRANSFER

� Final plan

� MU setting

� Final MU calculations



PLAN EVALUATIONPLAN EVALUATIONPLAN EVALUATIONPLAN EVALUATION

� Dose Uniformity

� DVH

� Beam Weights



DELIVERY VERIFICATIONDELIVERY VERIFICATIONDELIVERY VERIFICATIONDELIVERY VERIFICATION

� Port film or EPID to verify Isocentre placement

as well as beam shape determination, prior to 

start of treatment.



DISADVANTAGE OF CONFORMALITY



LIMITATIONS OF CONFORMAL RADIOTHERAPYLIMITATIONS OF CONFORMAL RADIOTHERAPYLIMITATIONS OF CONFORMAL RADIOTHERAPYLIMITATIONS OF CONFORMAL RADIOTHERAPY

� Sophisticated Treatment and set up.

� Good understanding of cross sectional anatomy

� Stringent QA procedures

� High integral dose

Highly susceptible to motion and  treatment 

related errors– Achilles heel of Conformal RT.



DIFFERENCES BETWEEN 2D AND 3DCRT



3D3D3D3D----CRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARY

� ImmobilizationImmobilizationImmobilizationImmobilization

� Planning ImagingPlanning ImagingPlanning ImagingPlanning Imaging

� CT/MR/PETCT/MR/PETCT/MR/PETCT/MR/PET

� Contour Target Volume and Normal StructureContour Target Volume and Normal StructureContour Target Volume and Normal StructureContour Target Volume and Normal Structure

� Select Beam Geometry and EnergySelect Beam Geometry and EnergySelect Beam Geometry and EnergySelect Beam Geometry and Energy

� Forward Planning & OptimizationForward Planning & OptimizationForward Planning & OptimizationForward Planning & Optimization

� Plan Evaluation & ApprovalPlan Evaluation & ApprovalPlan Evaluation & ApprovalPlan Evaluation & Approval

� Patient set up Patient set up Patient set up Patient set up varificationvarificationvarificationvarification & Treatment& Treatment& Treatment& Treatment

� Machine QAMachine QAMachine QAMachine QA



3D3D3D3D----CRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARYCRT PROCESS & WORKFLOW SUMMARY



EVOLUTION FROM 2D TO IMRT



IMRT



IMRT ( INTENSITY MODULATED RADIOTHERAPY)

� An advanced form of 3DCRT.

� It is a radiation therapy technique where non-

uniform fluence is delivered, using computer 

aided optimization.

� Types: Forward 

Inverse



RATIONALE OF IMRT

� More conformal than 3DCRT

� Dose more homogenous within PTV

� Sharp fall off beyond PTV boundary

� Less dose to OAR- lesser complications



IMRT



IMRT



IMRT



IMRT



IMRT



IMRT



IMRT



3D CRT V/S IMRT



IMRT V/S TOMOTHERAPY



IMRT V/S V-MAT





IMRT WORKFLOW



CLINICAL IMPACT OF IMRT



PAROTID  SPARING



PAROTID SPARING



SUBMANDIBULAR GLAND SPARING



PHARYNGEAL CONSTRICTORS SPARING



QUALITY OF LIFE



CONCURRENT CT & IMRT



CONCURRENT CT & IMRT



CONCURRENT CT + IMRT



CONCURRENT CT & IMRT



IMRT IN HEAD & NECK CANCERS



IMRT IN H& N CANCERS



PARSPORT TRIAL



PARSPORT TRIAL



IMAGE GUIDED RADIOTHERAPY

� incorporates imaging, and matching the 

co-ordinates with the treatment plan to be 

delivered, to  ensure the patient is properly 

aligned in the treatment room

� improves  accuracy of the radiation field 

placement

� reduces the exposure of healthy tissue 

during the treatment



WHY IMAGE GUIDANCE ?



ADAPTIVE RADIOTHERAPY

� A technique by which a conformal radiation 

dose plan, is modified to conform to a 

deformable and mobile target.

� Two components:

• adapt to tumour motion

• adapt to tumour/organ deformation and     

volume changes.     



ADAPTIVE RADIOTHERAPY

� During treatment, large variations 
occurs in the anatomy of the treatment 
area due to

tumour regression  

weight loss

so, high chances of tumour miss 

higher dose to OAR

� Weekly imaging and modification of 
the initial plan according to anatomical 
changes.



AS PATIENT UNDERGOES 6-7 WEEKS OF 
IMRT THERE ARE MARKED ANATOMICAL 
CHANGES





WEIGHT LOSS AND VOLUME CHANGES

● GTV decreases throughout treatment: 

-9% (+38 to -54%)

● weight loss  during reatment.

mean weight change: -4.7% (+2.8 to -15.5%)



CONTD....

● Hansen et al – mean reduction in Parotid volume 15- 21.5%

● Duprez et al - Parotid shrinkage of 24%

● Castadot et al –mean shrinkage of Parotid 0.9-1%/day.

-moving medially by mean distance 3.4 mm 

Mean reduction in Parotid vol by15-25% by the end of treatment 

and also moves medially  potentially into the high dose region.



VOLUME AND POSITIONAL CHANGE IN PAROTIDS

● mean volume reduction in parotid 24.4% 

(0 - 53.6%) in 80-90% of the patients.

● more pronounced in the contralateral parotid 

- (mean vol loss -27% vs -22%)

● mean parotid volume loss   0.7%/day (0 - 1.5%)

● Parotid shifts - medially by mean  3.4mm (2 - 6.7mm) 

posteriorly by mean 2.7mm (0 - 8mm)



ADAPTIVE RT



ON BOARD IMAGING



ADAPTIVE  RT WORKFLOW





TAKE HOME MESSAGE

Technology is a good servant but a bad master..

Use technology judiciously…




