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Radiation Therapy

� Definitive - EBRT/Concurrent CRT
� Radical 
� Preoperative (Neoadjuvant)

� T3 or higher
� N+    
� 45 – 50 Gy

� Post operative (Adjuvant)
• Rare; difficult to tolerate
• 45 Gy

� Palliative: Dysphagia 30 – 35Gy
� Brachytherapy



• Computed tomography based planning 
utilizing conformal techniques is the 
standard of care for esophagus cancer

• Essential  to accurately delineate 
– Target volumes
– Critical normal structures

Radiation Therapy



Importance of Target Volume 
Delineation 





• Imaging techniques to track the motion of 
tumors during treatment delivery - IGRT

• IGRT is only as good as the accuracy with 
which the target is defined  

• Widest ranges of inter-observer variations 
reported for the delineation of 
– Head and neck tumors
– Esophageal and lung carcinomas

Tumor Delineation - the weakest link



Tumor Delineation - the weakest link

• Errors in TV localization & delineation occur 
early in the planning process and only once

• This generates systematic errors 
– Can produce the biggest deviation in the entire RT 

process 
– No level of image guidance will eliminate

• Potentially can alter outcome of treatment
• Once defined, this error is constant throughout 

the entire RT planning process 



• Immobilization 

• Vac Loc

• Position arms above head to maximize the 

number of beam arrangements

• Tattoos for daily Set-up

Simulation 



Simulation 

• Four dimensional (4D) scanning 
• If 4D study is not available following to 

estimate internal motion of intrathoracic 
structures
– Slow helical CT scan or 
– Acquisition of CT images at maximal 

inspiration and expiration, with the difference 
being the total extent of motion of the target 
and critical structures



• Tumors involving the distal esophagus
– Nil per oral for at least 3 to 4 h prior to 

simulation and treatment 
– Limits variations in gastric bowel gas that may 

affect dose distribution 

Simulation 







Guidelines for Contouring

• For contouring, esophageal malignancies 
divided anatomically into 2 regions
– Upper esophagus tumors (including malignancies of 

the cervical esophagus) 
– Lower esophagus tumors (including tumors of the 

gastroesophageal [GE] junction)

• Tumors in the lower esophagus & upper 
esophagus - follow  contouring guidelines of 
both subsets



• Significant involvement of gastric cardia or 
the stomach, consider as gastric origin 
rather than of esophageal 

• Based on contouring guidelines of gastric 
cancers
– Diagnostic laparoscopy and J-tube placement
– Renal perfusion scan 
– Preoperative chemoradiation or 
– Postoperative chemoradiation

Guidelines for Contouring



OARs

• For proper DVH analysis need to contour
– Entire esophagus 
– Lung, Heart & Spinal Cord

• Upper esophageal tumors 
– Brachial plexus and Larynx

• Lower esophageal tumors
– Liver & Kidneys 



OARs

Heart 
– Cranial border will include the infundibulum of 

the right ventricle and the apex of both atria &
will exclude the great vessels as much as 
possible

– Caudal border will be defined as the lowest 
part of the left ventricle's inferior wall that is 
distinguishable from the liver



Target Volume Definitions

ICRU Definition

• Gross Tumor Volume (GTV Tumor + LN) 

• Clinical Target Volume (CTV - microscopic dis)

• Internal Target Volume (ITV - eso movement 

upper - 0.5 cm, mid - 0.6 to 0.7 cm, lower - 0.8 to 0.9 

cm)

• Planning Target Volume (PTV - accounts for 

setup error and intra-fraction motion)



Target Volume Delineation

• Upper esophagus – above carina
– GTV � CTV margin longitudinal 3 to 5 cm

radial 1 cm
– CTV (or ITV) � PTV margin 

• No IGRT or Motion assessment (4DCT) 1 - 1.5 cm
• IGRT or Motion assessment 0.5 - 1cm
• Both 0.5 cm

– Elective nodal 
• Peri – esophageal, Supraclavicular 



• Lower esophagus – below carina 
– GTV � CTV margin - Same as upper            
– CTV (or ITV) � PTV margin – Same as upper
– Elective nodal

• Peri – esophageal, celiac
• Based on extension to stomach - nodal regions

– Perigastric, left gastric
– Splenic hilum
– Porta hepatis, SMA

Target Volume Delineation



• Standard GTV to CTV expansions are 
– Superior & inferior - 3 to 5 cm (CROSS Trial 4 

cm, if extension into stomach distal margin 3 cm )
• Submucosal spread, skip lesions

– Radial - 1 cm ( CROSS 2 cm subclinical disease 
& compensate for tumor motion & set-up 
variations)

– Involved lymph nodes - 0.5 to1.0 cm 

Target Volumes



• Margins can be adjusted based on
– Use of motion assessment
– Treating physician’s confidence in knowing 

the extent of disease
– Adjustment made according to anatomic 

barriers

Target Volumes



Upper Esophagus T3 N0 



Upper Esophagus T3 N0 



Distal Esophagus T3 N0



Distal Esophagus T3 N0





• No internationally unified opinion or high grade 
evidence on definition of CTV 

• Gao et al did screening on esophageal 
carcinoma specimens the microscopic infiltration 
ranges were < 3 cm superior and inferior in 94%
– Recommended margin of 3 cm along the vertical axis 

& 0.5 cm radial
– Adjustment made according to anatomic barriers 
– Anatomic barriers should not be exceeded unless 

evidence proving disease has broken through 

Target Volume



• CTV - LN

• No high grade evidence identifying the extent of 
lymphatic drainage in prophylactic radiation 

• Extent of surgical lymphadenectomy is usually 
used when defining prophylactic radiation

• Radiation Therapy Oncology Group (RTOG) 
study – main reason of failure post radiotherapy 
was local failure

Target Volume



• Only tumor and positive lymph nodes were 
radiated, without elective lymph nodal areas

• Analysis on treatment failure 
– Isolated outfield recurrence rate of lymph nodes 

without tumor progression and distant metastasis was 
only 8%

• Concluded - elective prophylactic radiation to 
lymph nodes not necessary

Target Volume





3 D CRT - IFRT

• Nodal regions delineated using Japanese 
Society for Esophageal Diseases (JSED) 
guidelines & EORTC-ROG expert opinion

• The equivalent uniform dose (EUD) & other 
dosimetric parameters calculated for LN regions 
(metastasis rate > 5% were considered a high-risk 

lymph node subgroup)
• LN stations near Tumour - considerable 

incidental doses with IFRT – contribute to the 
elimination of subclinical lesions

















• To delineate GTV
– Physical examination
– CT scan with IV contrast (Thorax/Abdomen)
– Positron emission tomography (PET)
– Upper endoscopy & Endoscopic ultrasound

• Esophageal invasion & Lymph nodes 
• Endoscopic ultrasound - better classify small 

intrathoracic LN difficult to classify with CT or PET 

– MRI

Target Volume











Role of PET CT

• Sensitivity & Specificity 
– LN            30 to 93%    & 79 to 100%
– Primary    95 to 100% & 100%

• PET CT resulted in TV changes
• Evidence on validity of PETCT very limited

– 3 studies significant correlation between PET 
based tumor lengths & Pathological findings

• No improved LR  control or survival 



• Significant inter-observer variability due to
– Impact of imaging
– Influence of observer (training, personal bias)

• Variability of targets can be minimized  by
– Multimodality imaging by co registration of CT 

with 2nd modality like MRI/PET 
– Continuous education & training 
– Collaboration of RO with other specialties
– Concise contouring procedures and protocols

Tumor Delineation 
Weakest link in RT accuracy


