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Outlining variation

• The weakest link in the RT process

• Inherently observer biased procedure

• First inter-observer variation study in RT 
reported by Kramer et al as early as 1977

• Typical reported magnitude of interclinician 
variation commonly exceeds that of geometric 
systematic error

• Big issue for clinical trials
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Why does it matter?
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Why does it matter?

Because it can impact on outcome
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• TROG 02.02 (Trans-Tasman Radiation Oncology Group) trial HeadSTART

– Tirapazamine, Cisplatin, and Radiation versus Cisplatin and Radiation
for advanced SCC of the Head and Neck

– RT data submitted by end of 1st week to Quality Assurance Review
Centre (QARC)

– After completion of treatment TMG review of all data (n=853)
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Embedded QA programme with retrospective review of GTV outlining

11 (13.4%) unacceptable deviations in outlining (defined by GTV >5cm than 

size of tumour, no GTV delineated)

Significant correlation between major deviation and incidence of ≥grade 3 GI 

toxicity in both the chemoradiotherapy (45 vs 18%, p=0.05) and maintenance 

chemotherapy (45% vs 13% p=0.01) components of treatment
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10 cases of stage 4 oropharynx

Parotids outlined by 4 rad oncs and 3 

radiologists

Target to C/L parotid was 10% of 24Gy
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During actual treatment dose 

delivered to parotid was within 10% of 

24Gy in all cases

In this study this target achieved by 

53% of volumes delineated by 

radiation oncologists

Parotid DVHs of 46% of the study 

contours would have resulted in a 

different IMRT plan

10 cases of stage  4 oropharynx

Parotids outlined by 4 rad oncs and 3 

radiologists

Target to C/L parotid was 10% of 24Gy
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What to do about it

14



Causes of variation

• Several identified 

• Two main categories

– Imaging

– Observers
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Reducing interobserver variation

• Variety of interventions (trial and non-trial)

• Imaging

– Better imaging

• Observers

– Training 

– Clear protocol and access to an outlining atlas

– Outlining of pre-trial benchmark cases/review of 
clinical cases from each centre (“dummy runs”)

– Workshop attendance

– Real time review of outlining 16



What works? 
(v little randomised evidence to confirm)

• Access to a protocol and an outlining atlas 
improves consistency in outlining in prostate 
and rectal cancers, respectively

• Educational sessions or workshops reduce 
TVD variation in a range of settings such as 
prostate and lung

• In RTOG GI trials pre-treatment review has 
increased compliance 17
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Begin at the beginning..

• Use best imaging for 
TVD

• Contrast where 
appropriate

• Co-register modalities 
where appropriate

• Correct windowing

• Use multiple orthogonal 
views for TVD

• Involve radiology
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– Biggest differences seen at the top and bottom

– Using additional orthogonal views gives better 
concordance

– Better imaging improves consistency
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Clear protocol for outlining

• Heterogeneity in H&N 
target delineation. Nine 
distinct CTV designs 
which illustrate broad 
practitioner-dependent 
variation in target 
delineation strategies 
for the identical tonsil 
cancer case.

Hong et al Radioth Onc 2012 
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Atlases

Anal IMRT contouring atlas, 
AGITG

IJROBP 2012

Neck lymph node CTVs,

Gregoire

Rad Onc 2003
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Evidence based approach to improving concordance (along with 
training sessions)



NCRI RTQA OISG guidelines
(based on RTQA experience in GI trials)
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example of trial outlining QA

• Clear protocol (tested and revised after 
feedback from users)

• Atlas developed to help with delineation

• Workshop to discuss protocol and cases

• Pre-trial outlining assessment 

• On-trial ‘real time’ review of 1st case from 
each centre 23



More time to outline

More training

More quality assurance

Royal College of Radiologist Position Paper 2012

https://www.rcr.ac.uk/content.aspx?PageID=2069
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Training 

(Fellowship in Anatomic delineation and 

CONtouring)
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COAST 

• Parotid (ART DECO)

• Glioma with MRI

• Mid 1/3 oesophagus 
(SCOPE 1)

• Lower 1/3 oesophagus 
(NeoSCOPE)

• Non small cell lung 
cancer

• Prostate and seminal 
vesicles
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Conclusion

• Outlining variation exists and it matters

• GTV and OARs both important in 3D era

• Need to reduce variation as much as possible

• Training for all situations, additional trial 
specific training 

• Clear protocols and atlases for trials

• Need for good quality QA – retrospective and 
increasing need for prospective

• Planning also critical!
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