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• Moving to a standardized nomenclature takes a team 

effort.   

• A physician perspective will be presented including 

foundational information on how targets, organs-at-

risk, and margins are defined.   

• An example will be presented for how to modify 

clinical practice to standardize nomenclature for 

treatment of head and neck.   

• Problems which arose during the transition will be 

shared along with information about the type and 

amount of effort required during the transition 

 

Overview 
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Lack of standardization: An unmet need 



Conceptual underpinnings for technical Head & Neck 
clinical QA efforts: QA is an information process 

• All “error” is spatial (i.e. dose is or isn’t 
where it “should be”). 

• In aggregate error (e.g. failure or toxicity) is 
an estimatable uncertainty with potentially 
knowable distributional probability 

• We can thus estimate, with enough priors, 
global or component uncertainty 

• Spatial uncertainty is propagated through 
the treatment chain 

• Thus, primacy of inputs (i.e. target 
delineation, OAR nomenclature) 

• Reducing systematic uncertainties 
decreases error proportionally greater than 
chasing random uncertainties  

• Thus systematic proactive efforts are more 
effective than serial reactive interventions 

Serial links in treatment information chain 



Position: 

Medical physicists and radiation oncologists  

are obligate biomedical informaticists 





Ira Kalet, PhD 





• Without common 

terminology, 

content is 

obscured…and 

we may not be 

aware of it! 

 

The problem 



Personal story 



ICRU 29-62 

Moving from RT to IMRT to IGRT 

 



ICRU 83 specifies uncertainty margination, but does not guide regarding naming conventions 
nor not specify the rules for naming structures in treatment planning systems 
 



Head and neck: 

 A non-target rich environment 

Larynx 

Pharyngeal mucosa and  

posterior constrictors 

Esophagus 

Oral Mucosa 

BOT 



Conventional Nasopharynx 

1990 2000 



How have we been addressing 

morbidity?  

• Xerostomia 
• Dysphagia 

• Swallowing dysfunction 

• Odynophagia 

• Anosmia 

• Cranial neuropathy 

• Motor/sensory function 

• Memory loss 

• Aphasia 

• Vascular Sequelae 





Benefit of IMRT: Parotid sparing 

2000 2010 



But IMRT does not remove dose to OARs,  

it just moves it around... 



IMRT toxicity profile 











Bigger numbers= 
more powerful stats= 
Better patient care 









Where to spare? 

 











Reality: Everything 

matters!! 



But need way to link dose to ROI and clinical 

outcomes in large datasets 



• 8 Head and neck only Rad oncs 

• Treat ~1,000 cases annually 

• 6 distinct platforms used for portions of 

segmentation/optimization tasks (Monaco, Brain 

lab, Pinnacle, Eclipse, 2 internal custom 

platforms for MC) 

• 4 additional software platforms used for dose 

calculation/DVH analysis (Velocity, MimVista, 

Slicer3D, CERR) 

• But we couldn’t effectively aggregate data from 

DVHs!! 

 

MDACC is big… 



• 2003-2011 

– Internal complexity check showed an average of 3 target volumes per 

MDACC head and neck patient (stable)… 

– *Average* number of OARs constrained for IMRT optimization increased 

from 3 >> 9 per patient; as many as 25+ ROIs for complex sinonasal 

cases 

– Routinely used include: 

• Cord 

• Parotids (L/R) 

• Brainstem 

• Cochleas (L/R) 

• Brain 

• Larynx 

• Mandible 

• Submandibular glands (L/R) 

 

 

For head and neck and enormous amount of 

structures are being optimized/evaluated 



• Electronic data capture of 512 IMRT head and 

neck cases (bulk pull from DVH archives) 

• Showed 78 identifiable TVs/OARs 

(concatenating  intermediary ”ring” or “sub” 

structures 

• Counted “name variants” 

– E.g. “tongue, oral tongue, tng”, all counted as 

variants of “Tongue”. 

• Laterality ignored 

 

2014 internal survey 



2014 
• ”Target volume”> 



Parotid glands> 



• 192 “nominal variants” 

– Most common (“R_Parotid”) was used 68% of the 

time 

– Multiple structures on several patients 

(“R_parotid_sub”) 

– Unclear which was optimized 

– Unclear if manually or autosegmented 

Example: Parotid Glands 



The Post-Hoc Nomenclature Solution: 

Fellows! 
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ICRU 50/62-based TV contouring 

• GTV – Gross disease 

 

• CTV1 - Gross disease + 8mm – 1cm margin 

 

• CTV2 – “High Risk” nodal volumes and mucosal sites 

• A somewhat ambiguous volume that means different things to 

different individuals.  

• Optional volume in many RTOG protocols 

– i.e. uninvolved level II nodes in base of tongue cancer. 

– the right base of tongue in a left cancer of the 

glossopharyngeal sulcus 

 

• CTV3 – Uninvolved nodal regions at risk for microscopic disease 

extension 

 

 

 

 



Example case from 2013 



• K. Hammermeister, MD (http://www.uni-mainz.de/FB/Medizin/Kardiologie/incis/Data/p4_1.htm) 

 

The Core Process begins… 



Enter RTOG/ATC/TG-263 

http://atc.wustl.edu/resources/RTOG-ATIC/ATIC-ATC_Uniform_Tissue_Names.pdf 







So…. 

 





Solution: TG-263 



Roles Professional Societies Clinic Types Specialty Groups 

Physician ASTRO Academic IHE-RO 

Physicist AAPM Community Dicom Working Group 

Vendor ESTRO Large Practice NRG 

Dosimetry Small Practice IROC 

TG 263 - Standardizing Nomenclature for Radiation Therapy 

•  group of 57 stake holders  

•  domestic and international groups  

•  representing a broad range of perspectives 

Let’s start by trying to fix the standardization problems for DVH data 

Slide courtesy of Chuck Mayo 
(U. Mich.) 



Apply to 
Structures 

Review 
with 

Group 

Define 
Guidelines Review 

current 
practices 

Pilot 
Nomenclature 
Live in  
Volunteer Clinics  
and NRG 

Design 
Process 
Changes  

Feedback 
From Use 

Work With 
Stakeholders 

Only minor 
changes 
from Pilot 

Development Process 

Slide courtesy of Chuck Mayo 
(U. Mich.) 



• Guidelines 
• Target Structures  

• Standardized rule based approach (10) 
• Addresses primary issues and expandable 

 
• Non-Target Structures  

• Rule based approach (15) with a few concessions 
• Specific listing of 736 defined structures 

 
• DVH Nomenclature 

Task Group findings are in parent committee review process 

Slide courtesy of Chuck Mayo 
(U. Mich.) 



So, we implemented the new system 

• V1.0 
• A designated “faculty champion” encouraged 

MDs to use the new nomenclature. 
• Result: Benign neglect 
•  

 
 



• V2.0 

– Script populated a standardized ROI list in 

random colors, in alphabetical order 

– Result: ~60% compliance 

– :| 

Insight: MDs hate to type 



2016 V3.0 



• V3.0 

– Script populated a standardized ROI list in 

standard colors, in order of use (GTV, CTV, 

commonly used OARs) 

– Result: >85% compliance 

–  

Insight: MDs like their “system” 



• Ease of use 

– MDs were saved effort by ROI auto-population 

• Familiarity 

– Standardized color/polygon modes made direct 

interaction easier after  

– Intuitive ordering 

What made it work? 



• GTV 

• CTV1 

• CTV2 

• CTV3 

CTVs 



Base of Tongue isodose display 

Slide courtesy Adam Garden 





Integration of imaging information in  
designing treatments 

Jaffray, D. A. (2012) Image-guided radiotherapy: from current concept to future perspectives 
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.194 







“Where standards exist...use them!” 





We’re just now 
agreeing on the 
ontology of 
structure names!!! 











 

Innovative technology requires  

innovative data structures 

	



Digression: We need more radiation oncologists and  

informatics folks working with medical physicists! 

• Growth of information has 

led to creation of a new 

medical subspecialty 

board certification… 

• But few rad oncs. 

• Most informaticists are 

EHR-oriented (AMIA)… 

• And those that know 

DICOM are typically 

PACS-oriented (SIIM). 



Next step: from 

Ontology to 

Mereology 



What if the TPS already incorporated spatial 

classifiers for OARs (or TVs) based on TG-263? 



“Where standards exist...use them!” 



Better prediction models? 



Spatial data? 



Example: FMA 

http://si.washington.edu/ 
projects/fma  

http://si.washington.edu/
http://si.washington.edu/


http://si.washington.edu/projects/fma 





The future: Centralized & automated 

segmentation/prescription 





Predicting the future is not easy… 



• Questions? 

• Please email me: cdfuller@mdanderson.org 

Thank You!! 


