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Radiation Therapy 

 1.6M new cancer cases this year in US 

 Approximately 60% of cancer patients receive 
radiation therapy during the course of their disease 

 Half of them are for curative intent 



Goals 
 Deliver radiation prescription dose to within 

absolute 5% & 5mm 

CT Simulation Treatment Plan 

Position Patient Treat Patient 



Why is the Present More 

Challenging than the Past? 
• 2D RT:1950-1985 

– 2D x-rays for planning 
RT 

 

 

• 3D CRT: 1985-2000 
– Image-based planning 

on 3D anatomical 
model 

 

• IMRT:  2000-present 
– Intensity modulation 

– Inverse planning 



5 

HD 120 MLC 

ARIA 

Eclipse 

Exactrac 

iPlan 

Cone System 

iPlan Net 

Robatic 6D 
Couch 

 EPID 

Trilogy 

OBI 

4DiTC 

Stereoscopic X-Ray 

Adaptive Gating 

Fluoro development 

6MV Photon 

6MV SRS Photon 

10MV Photon 

Electrons  

Conformal 

Rapid Arc 

Portal Dosimetry 

Cone-Beam CT 

kV Imaging 

Fluoro Imaging 

MV Portal Imaging 

MV Dosimetry 

Fluoro Imaging 

Pencil Beam 

Clarkson 

Monte Carlo 

Varian 

BrainLAB 

IMRT 

Infrared Technology 

 
   

TRILOGY 

Novalis TX Processes 





Recent Articles Revealed 
Inadequacies in System 



Device versus Process 
Errors 

 Large catastrophic errors 
 Majority are human or process related errors although poor 

device design often contributes 

 97 of 116 implants 
were medical 
events, many 
were wrong site 

 Failures of 
process rather 
than devices 

 QA is a team effort: 
focus on key 
physician as well 
as technical steps 



Current QA Paradigm Focus 

 Approach developed in the 2D RT era 

 Most extant guidance is limited to 2D RT 

 Tends to focus on devices  

 planning systems, LINACs, imaging systems 

 Acceptance testing, commissioning, periodic QA 

 Process QA:  limited to quantitative verification of device 
outputs, e.g., plan review and chart checks 



QA Formulation 
 Current QA Protocol formulation methodology 

 Consensus opinion of small group of experts 

 Periodically check all device functions/outputs that could 
compromise overall delivery accuracy 

 Fixed test frequencies not driven by actual device reliability 
or risk estimates  

 “One size fits all”  menu of tests 

 Tolerance levels:   

 Limit dose delivery uncertainty to 5% & 5 mm 

 Errors in anatomic modeling, dose computation, dose 
delivery, and calibration add quadratically 

 Assume variations about target values are well behaved 
random variables with no catastrophic outliers 

 



Process-Based QA 

 AAPM TG-100 proposal (S. Huq, Chair) 

 Failure modes and effects analysis (FMEA) 

 Fault-tree Analysis (FTA) 

“Method for Evaluating QA Needs in Radiation Therapy” 
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Breast Brachytherapy 
Process Map 

 

Successful treatment

Consultation

 and decision to treat

Imaging and

 diagnosis

MD plan approval

Subsequent

treatments

Chart filing

Decision of treatment

technique

Treatment review

Decision of protocol

Intraoperative documentation

Insert deflated balloon in

center of cavity

Check normal tissue are

within tolerances

Check that previous treatments

were accounted for

Patient positioned in room

Fluoroscope or 

Ultrasound positioned

Compare treatment 

record with plan

Communication equipment 

(intercom, display monitor) on

Run treatment

Documentation

Dosimetry

Physics

MD

Schedule appropriate procedure room, 

intraoperative imaging equip/personnel,

post-procedure imaging

Scheduling

Scheduling for

planning process

Post-procedure 

CT imaging

Patient database 

information entered

Physical plan

review

Data into electronic 

Database

Data into written

 chart 

Review of patient 

medical history

Assemble, sterilize applicator 

kit and accessories

Patient positioned

Patient prepped

Images transferred

to planning computer

MD reviews images

Obtain images

Specify dose limits and goals

Suggest initial guidelines for 

treatment parameters

Enter prescription

Optimization/Dose calculation

Evaluate plan

Initial treatment

planning directive

Treatment planning

Pre-Implant

Preparation

Applicator placement

Initial treatment

Identify/localize treatment site

Special Instructions 

(pacemakers, allergies, 

preps, etc.)

Account for previous treatments

or chemotherapy

Check version

of the plan

Check plan

satisfied 

objectives

Connect transfer tubes

to applicator

Information on previous

or concomitant treatment
Insert x-ray markers

Vary contrast concentration

if needed

Check balloon for 

leakage

Optimization settings

Check balloon leakage

and visibility

Run treatment

Check plan

identity

Write final

prescription

Program treatment unit

Program treatment unit

Fill balloon with contrast/saline

Mixture

Identify patient

Position patient on procedure table

Secure applicator

Determine implantation technique

Identify and communicate planning process

bteween dosimetrists, physicist, physician

Import images into planning system

Segmentation

Catheter localization/labeling

Dwell position construction

Import patient file

Connect transfer

tubes to applicator

Communication equip on

Create access incision

Volume of fluid

Diameter of balloon

Set applicator rotation

Modify rotation if needed

RTP anatomy

contouring

MD: delineate

GTV

CTV construction

Delineate ROIs and 

planning structures

Protocol for delineation

of targets

Protocol for CTV

margin

Specify CTV Margin

Boolean operations

Manual reoptimization

Varify program

Identify patient

Measure catheter lengths

Check that dose distribution

satisfies prescription

Check plan for quantitative

consistency

Identify patient

Documentation

Check balloon

rotation 

Import images into

planning computer

Check balloon rotation

Identify patient



What to Do? 

 FMEA/FTA is doable (UCSD and Brachytherapy) 

 What about multiple small clinics without full time 
physics, what do they do? 

 FMEA/FTA does not consider process interactions 

 STAMP? 

 How do we translate work from academic/large 
centers to everyone and make the processes safer? 

 Answer: Standardize! 



Standardize? 

 “Thus, first-time users of this technology should 
ascertain which of these aims are desirable for their 
own clinics and tailor their commissioning and QA 
programs accordingly.” 

 “Clinics should have the option to customize these 
standards to their own specifications, or to select 
from various national/international guidelines.” 



Standardize 

 Imagine: AA, UAL, Delta, SWAL, etc. decided they 
needed to “approach HOU in their own way” 

 



Standardization 

 Instead of chaos: Everyone is expected to conform! 



Standardize and 
Rationalize 

 Standardized procedures 

 Allows the development of FMEA, FTA, STAMP to be 
developed by national organizations 

 Standardized QC/QA 

 Risk-based QA 

 Treatment Directives 

 



 

M. Workman, 2009 


