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Radiotherapy remains an integral component of the

management of head & neck squamous cell carcinoma

both in the definitive & post-operative adjuvant setting

Head-Neck Cancers



Fletcher et al, IJROBP 1983

Typical radiotherapy doses for HNSCC



Challenges in optimal delivery of conventional 

radiotherapy for head-neck cancers





Dose response curve in head-neck cancer



Aim



Specific objectives

• Differences between 2D-RT and 3D-CRT

• Chain of processes in 3D-CRT

• Transiting from 2D-RT to 3D-CRT 

To identify



Some formal definitions

2D-RT: Use of one or more fields in a relatively simple beam

arrangement with no emphasis on beam shaping for normal

tissue shielding. Planning on a TPS not entirely necessary as

dose distribution is generally intuitive

2.5D: Field shaping of conventional radiotherapy portals using

blocks or MLCs (either on simulator films or CT-dataset). Dose

wash can be generated if CT-dataset is used

3D-CRT: Use of multiple fields from different directions based

on BEVs seen on the TPS capable of 3D-dose calculation with

display of dose-distribution



• Simple treatment delivers uniform 

doses from 2-4 beam angles  

• Beam shape is either rectangular or 

square

• Beam hits healthy tissue as well as 

tumor tissues

• Doses have to be kept low to 

minimize harm to normal tissue

Pink = treatment field 

or area hit by beam

Primary collimator 

shapes beam

Conventional 2D-RT - 1960s



2D-RT



• Bilateral field or antero-lateral

wedge pair portals

• Matching third low anterior

neck field added sometimes

• Acceptable local control

• Higher doses to normal

critical structures

• Resultant higher toxicity

• Potentially poorer QOL

Two-dimensional (2D) RT for Head-Neck Cancers



Early Beam Modifiers - 1970s & early 80s

• Blocks & wedges used to shape beams
and begin sparing healthy tissue

• Blocks are changed by hand for each
beam angle

• Labor intensive process requires therapist
to enter room repeatedly

• Typical treatments use 4 beam angles

• Dose still kept relatively low

Roughly shaped 
treatment field

Wedge helps to modify  

dose distribution



Simple field shaping of conventional 

bilateral portals using cerrobend blocks



Bilateral fields: The 95% isodose line (white) is superimposed on PTV (red) 

2D-RT (conventional open fields) 2.5D-RT (conventional shaped fields)



Multi-leaf Collimator (MLC): 

True enabler of conformal radiotherapy



3D-CRT



From parallel opposed (2D) to multi-field 

3-dimensional conformal radiotherapy (3D-CRT)



Typical 3D-CRT workflow



Chain of Processes in Conformal Radiotherapy



Rationale of conformal radiotherapy 

in head-neck cancers

All this requires a high level of accuracy



Accurate treatment requires thorough 

understanding of uncertainties

Major sources of uncertainty & errors 

in the radiotherapy process 



Set-up errors - 1



Set-up errors - 2



Principles of accurate set-up



Principles of immobilization



Immobilization devices in head-neck RT



Most commonly used



Three clamp Four clamp Five clamp

4-Clamp mask was better than 3-clamp or 5-clamp mask for random errors

Set-up margins of 5mm are adequate in HN RT

Radiother Oncol 2001 

Radiat Oncol 2007

Set-up accuracy of commercially available 

thermoplastic masks



Guidelines for positioning in head-neck RT



CT-simulation: 
imaging for conformal planning 



CT-Simulation -1



CT-Simulation - 2



CT-Simulation - 3



CT-Simulation: imaging parameters



Structure segmentation for 

conformal planning 



Guidance on prescribing & reporting



Target volume delineation

ICRU 50/62/83 guidelines
GTV

CTV

ITV

PTV

ITV = CTV + Internal margin (IM)

PTV = ITV + Set up margin (SM)

GTV = Visible/palpable tumor 

CTV = microscopic extension



Target volume delineation

• Good quality imaging essential for accurate delineation

• Always use adequate contrast for planning imaging

• Preferable to use multi-modality imaging & fusion

• Very crucial and critical step in conformal planning

• Highly subjective process 

Inter- & intra-observer variability

Inter- & intra-modality variability

• Time/labor intensive

Probably the weakest link in the chain of processes



http://dx.doi.org/10.1016/j.radonc.2013.10.010





Normal Structure Delineation

OARs
� Not delineated, not avoided

� Not delineated, not seen in DVH

PTV1

PTV2

PTV3

Cord
PTV4

R. Parotid

Brainstem



Elements in 3D-CRT planning



• Avoid direct beam entry through an OAR (not always possible)

• Use beam splitting (partial blockage of the beam) to shield OAR

• Add more beams in the arc closer to the target

• Avoid parallel opposed beams (reduces high-dose conformity) 

• Use compensative fields to improve homogeneity 

• Use wedges & weightage to improve homogeneity & conformity

• Use non-coplanar beams (if necessary): eg. sino-nasal targets

General principles of field arrangement 

in 3D-CRT for head-neck cancers



Schematic representation of field placement





Typical beam arrangement for HN 3D-CRT 

Generally based on beam’s eye view (BEV)



BEV projection from different angles



Typical 3D-CRT dose distribution



Dosimetric comparison of simple 2D-RT with 

complex multi-field 3D-CRT 



Plan evaluation



Plan approval & transfer 



Delivery verification

Crucial & important step in conformal radiotherapy



Potential limitations of conformal radiotherapy



Potential limitations of conformal radiotherapy





Summary of differences between 2D-RT & 3D-CRT



Summary of differences between 2D-RT & 3D-CRT



Summary of differences between 2D-RT & 3D-CRT



3D-CRT summary



Forward Planning 

Optimization

Plan Evaluation & 

Approval

Contour Target 

Volume and 

Normal Structure

Select Beam 

Geometry and 

Energy

Patient  Set up

Patient TreatmentPatient Position 

Verification

Patient Dose  

Verification

Planning  Imaging 

CT/MR/PET
Patient 

Immobilization

Machine

QA

3D-CRT process & workflow summary



This presentation is based largely on a Training Course Series

(TCS-55) & Technical Document (1588) designed by the Applied

Radiobiology & Radiotherapy Division (ARBR), International

Atomic Energy Agency (IAEA), Vienna, jointly developed in

association with the Department of Radiation Oncology, Tata

Memorial Centre, Mumbai, with the aim of providing guidance

for smooth ‘Transitioning from 2D Radiation Therapy to 3D

Conformal Radiation Therapy and Intensity Modulated

Radiation Therapy’
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