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LEARNING OBJECTIVES

Gain insight into the most 
common error origination and 
detection workflow steps in 
the treatment planning process

Learn about applicable 
concepts from manufacturing 
quality management

Be introduced to the concept 
of Time Driven Activity Based 
Costing (TDABC)

Lean about current 
recommendations related to 
upstream plan checks



OUTLINE

Traditional Plan Check Process

Treatment Planning Error Origination and Detection Locations

Manufacturing Quality Management

Cost of Quality

Potential Financial Affects

Current Recommendations for Upstream Plan Checks

Where do we go from here?



TRADITIONAL PLAN CHECK PROCESS



TRADITIONAL PLAN CHECK PROCESS
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Ford, E.C., Fong de Los Santos, L., Pawlicki, T., Sutlief, S. and Dunscombe, P. (2012), Consensus recommendations for incident learning database structures in 
radiation oncology. Med. Phys., 39: 7272-7290. https://doi.org/10.1118/1.4764914

https://doi.org/10.1118/1.4764914
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TRADITIONAL PLAN CHECK PROCESS
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TREATMENT 
PLANNING 

ERROR 
ORIGINATION 

AND 
DETECTION 
LOCATIONS

https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/ROILS_2021_Q4.pdf



TREATMENT PLANNING ERROR ORIGINATION AND 
DETECTION LOCATIONS

https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/ROILS_2021_Q4.pdf



TREATMENT PLANNING ERROR 
ORIGINATION AND DETECTION 

LOCATIONS

• RO-ILS Data Shows:
• Large separation between error 

origination and detection

• Missed opportunities to detect 
errors before treatment delivery



MANUFACTURING QUALITY 
MANAGEMENT



TREATMENT PLANNING AS 
MANUFACTURING PROCESS
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MANUFACTURING QUALITY 
MANAGEMENT

• Scientific Management (Taylorism)
• Late 1800’s

By Grap - Gaugler, Eduard (Hrsg.): Taylor, Frederick Winslow : The principles of scientific management ; Vademecum
zu dem Klassiker der Wissenschaftlichen Betriebsführung. Düsseldorf: Verlag Wirtschaft und Finanzen, 1996., Public 
Domain,https://commons.wikimedia.org/w/index.php?curid=8682965

Frederick W. Taylor



MANUFACTURING QUALITY MANAGEMENT

SCIENTIFIC MANAGEMENT (TAYLORISM)

Dramatically Increased 
Productivity

Quality Eroded

Excess Scrap

Focus on Efficiency

Quality in Hands of Inspectors

Employed hundreds of 
inspectors



MANUFACTURING QUALITY 
MANAGEMENT

• 1950’s - Post WWII Japan

• Deming’s 14 Points

• Point 3:  Understand Inspection
• Does not add value

• Rework expensive

• Encourages Defects by Passing the Buck

• Quality should be in the hands of 
the workers

http://www.fda.gov/oc/initiatives/criticalpath/stanski/stanski.html

W. Edwards Deming



MANUFACTURING QUALITY 
MANAGEMENT

•1960’s – Japanese Industrial Engineer

• Zero Quality Control (ZQC)

• Stop Errors at or Very Close to Source

• Simple & Inexpensive Processes
• Successive Checking

• Checking prior work before continuing

• Self Checking

• Operators assess own work
http://www.shingoprize.org/about

Shigeo Shingo



ELEMENTS OF ZERO QUALITY CONTROL

1. Source Inspection to catch errors before they become defects

2. 100% inspection to check all products, not just a sample

3. Provides immediate feedback, which shortens time for 
corrective action

4. Because smart people do make mistakes, uses Poka-Yoke 
(mistake-proofing) devices for checking process steps



MANUFACTURING QUALITY MANAGEMENT

https://safety.f
hwa.dot.gov/g
eometric/pub
s/mitigationst
rategies/chapt
er4/4_vcleara
nce.htm



COST OF QUALITY



QUALITY COST CLASSIFICATION

Prevention 
Costs

Appraisal 
Costs

Internal 
Failure Costs

External 
Failure Costs

Doing it Right the First 
Time

• Quality Planning
• Process Control
• Information Systems
• Training

Checking that it was Done 
Right

• Inspection
• Process Measurement

Errors that are Caught 
During Appraisal

• Scrap and Rework
• Corrective Action

Errors that Reach the 
Customer

• Customer Dissatisfaction
• Administrative
• Liability



PREVENTIVE COSTS

• Not really a cost, but an investment 
in the future

• Sometimes referred to as “cost-
avoidance investment”

• Preventive activities:
• Have a positive effect on ability to do 

the job right every time

• Improve first-time yield

• Prevention costs early in product 
cycle
• Biggest payback

• Least expensive to correct problems



POTENTIAL FINANCIAL AFFECTS

Time Driven Activity Based Costing (TDABC)



TIME DRIVEN ACTIVITY BASED COSTING 
(TDABC)

A “methodology that calculates the 
costs of healthcare resources 
consumed as a patient moves along 
a care process .”

Martin JA, Mayhew CR, Morris AJ, Bader AM, Tsai MH, Urman RD. Using Time-Driven Activity-Based 
Costing as a Key Component of the Value Platform: A Pilot Analysis of Colonoscopy, Aortic Valve 
Replacement and Carpal Tunnel Release Procedures. J Clin Med Res. 2018 Apr;10(4):314-320. doi: 
10.14740/jocmr3350w. Epub 2018 Feb 18. PMID: 29511420; PMCID: PMC5827916.



TIME DRIVEN 
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COSTING (TDABC)
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TIME DRIVEN 
ACTIVITY BASED 

COSTING (TDABC)

 $-

 $100.00

 $200.00

 $300.00

 $400.00

 $500.00

 $600.00

 $700.00

 $800.00

 $900.00

 $1,000.00

Im
po

rt 
CT

Im
po

rt 
Se

co
nd

ar
y D

at
as

et
s

Con
fir

m
 co

rre
ct

 C
T's 

im
po

rt
ed

Com
ple

te
 Im

ag
e F

us
io

ns

Rev
iew

 Im
ag

es
 &

 Fu
sio

n

Con
to

ur
 T

ar
ge

t V
olum

es

Tar
ge

t C
on

to
ur

 P
ee

r R
ev

iew

M
od

ify
 T

ar
ge

t V
olum

es

Con
to

ur
 O

AR's

Se
t P

lan
 P

ar
am

et
er

s

O
pt

im
ize

 P
lan

Fi
na

liz
e P

lan

Phy
sic

s P
lan

 R
ev

iew

Plan
 R

ev
iew

Se
co

nd
ar

y C
alc

s

Plan
 P

re
pa

ra
tio

n a
nd

 D
oc

um
en

ta
tio

n

Phy
sic

s P
lan

 C
he

ck

TDABC Analysis of Treatment Planning Process

Cost/Step

Cumulative Cost If No Errors

Cost per Error Origination Step with
Safety Barriers Placed after Each Step



CURRENT RECOMMENDATIONS 
FOR UPSTREAM PLAN CHECKS



RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS

Quality Contol (QC)

vs.

Quality Assurance (QA)

2016



QUALITY CONTROL (QC) 
EFFORTS

• Goal:  Assures inputs are correct

• Detected errors result in less wasted effort

• Goal:  Assures outputs are correct

• Detected errors:

• Determine cause

• Correction of error

• Repeat process with corrected input

QUALITY ASSURANCE (QA) 
EFFORTS

RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS
TG100

QCInputs Process QAOutputs



RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS

2020

Ford, E., Conroy, L., Dong, L., de Los Santos, L.F., Greener, A., Gwe-Ya Kim, G., Johnson, J., Johnson, P., Mechalakos, J.G., Napolitano, B., Parker, S., Schofield, D., Smith, K., Yorke, E. and Wells, M. (2020), Strategies for 
effective physics plan and chart review in radiation therapy: Report of AAPM Task Group 275. Med. Phys., 47: e236-e272. https://doi.org/10.1002/mp.14030

Key Recommendation:
“Practices should work to incorporate physics reviews 
as early in the workflow as possible and not rely solely 

on review at the end-of-treatment planning”

https://doi.org/10.1002/mp.14030


RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS

2020

Ford, E., Conroy, L., Dong, L., de Los Santos, L.F., Greener, A., Gwe-Ya Kim, G., Johnson, J., Johnson, P., Mechalakos, J.G., Napolitano, B., Parker, S., Schofield, D., Smith, K., Yorke, E. and Wells, M. (2020), Strategies for effective physics plan and chart review in 
radiation therapy: Report of AAPM Task Group 275. Med. Phys., 47: e236-e272. https://doi.org/10.1002/mp.14030

Advantages:
• “issues may be more easily identified

• changes may be more easily executed if the work is not yet complete

• wasted effort and rework may be avoided (which translates into time and 
cost savings)

• early review may allow for several shorter, more focused checklists rather 
than one very long checklist late in the workflow”

https://doi.org/10.1002/mp.14030


RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS

2021

“recommend that the planner conduct a self-check 
during planning or after the plan is completed”

Xia, P, Sintay, BJ, Colussi, VC, et al. Medical Physics Practice Guideline (MPPG) 11.a: Plan and chart review in external beam radiotherapy and brachytherapy. J Appl Clin Med Phys. 2021; 22: 4–
19. https://doi.org/10.1002/acm2.13366

https://doi.org/10.1002/acm2.13366


RECOMMENDATIONS FOR UPSTREAM PLAN CHECKS

2021

“each institution should perform independent 
assessments of the best methods to catch errors 

upstream and to avoid treatment delays. Medical physicists 
should participate in designing an optimal workflow that 

can catch errors as early as possible in the treatment 
planning process.”

Xia, P, Sintay, BJ, Colussi, VC, et al. Medical Physics Practice Guideline (MPPG) 11.a: Plan and chart review in external beam radiotherapy and brachytherapy. J Appl Clin Med Phys. 2021; 22: 4–
19. https://doi.org/10.1002/acm2.13366

https://doi.org/10.1002/acm2.13366


WHERE DO WE GO 
FROM HERE?



QUALITY MANAGEMENT IN RADIATION 
ONCOLOGY

•Standardization
•Automation
•Safety Barriers Placement Optimization



STANDARDIZATION

•Reduces Variation and Random Error
•Pre-requisite to Automation



STANDARDIZATION



AUTOMATION

Driven by a need to 
increase efficiency

Time is valuable Some items simply more 
effective to check using 

automated methods



SAFETY BARRIERS PLACEMENT 
OPTIMIZATION

• Need to pay attention to location of automated safety barriers

• Design safety into the process

• Put barrier within or immediately following error prone process step

• Put safety into the hands of the planner

• Reduce “scrap” or re-work

• Evaluate barrier types for efficiency and effectiveness



HOW DO I IMPLEMENT THESE 
CONCEPTS IN MY CLINIC?



THREE EXAMPLES OF 
EXPERIENCE WITH 

UPSTREAM QA STEPS

• Scripting and Automation for Efficient and 
Effective Chart Checks in a Pinnacle/Mosaiq
Environment
• Dr. Badal Juneja

• MD Anderson Cancer Center at Cooper

• Lessons Learned From Upstream Physics Peer 
Review of Plan Quality With the Eclipse 
Treatment Planning System
• Dr. Grace Kim

• University of California at San Diego

• Experience With Upstream Plan Quality Checks 
Using the Raystation Treatment Planning System
• Dr. Leigh Rankine

• University of North Carolina at Chapel Hill



WHAT IF  I  DON’T HAVE 
THE RESOURCES TO 

ESTABLISH THESE 
METHODS?

• Not a current option for all treatment 
planning systems

• Encourage vendors to include your TPS

Some vendor solutions are 
available

• Use methods discussed in this talk
• Justify need to support training for 

clinical physicists
• Justify need for vendor solutions if 

available

Justify need to administration



THE END
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