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Table S1.A.ii. Photon/electron EBRT initial plan/chart review checks. Review check data are drawn from the AAPM all-member survey. For each check the
number of corresponding failure modes (FM) is listed as well as the highest RPN of the corresponding FM. FMs that were not included in the final ten-point
FMEA are listed as “N/A”. Status indications are: ++ priority check (RPN>100 and use>60%), + physics check target for improvement (RPN>100 and use<60%),
and "OP" other professional priority check (i.e. RPN>100 but outside the physics domain). The column “Auto. target” indicates checks that are targets for
automation. “F” full automation, that is, can potentially be fully automated. “P" partial automation, i.e. can potentially automate whether particular information is
present (e.g. a document exists) but not whether the information in it is correct.

#  Highest Use Auto.
Physics check item Corresponding failure modes FM RPN Freq Status target

Patient assessment
PA-Q1-1 Prescription (with respect to standard of care or institutional clinical 6,9,13,15,17,20,26,28,34,67 1

=1

175.3 86% ++

guidelines)
PA-Q1-2 Prescription approval by attending radiation oncologist 6,17,74,87 4 175.3 92% F
PA-Q1-3 Diagnosis definition including imaging and outside records 5.8.13.31.45.48 6 180.3 37% OP
PA-Q1-4 Pathology Report 5 1 180.3 18% OP
PA-Q1-5 Medical Chart to confirm laterality, site, etc. 5,31,48 3 180.3 57% +
PA-Q1-6 Special Considerations for radiotherapy (e.g. pacemakers, ICDs, 2,19,23,46,68,73,83,9L,107,110 10  214.1 89% ++ P
pumps, etc.)
PA-Q1-7 Previous radiotherapy treatments 2.4.10,12,23 58 6 214.1 87% ++ P
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Process step (RPN>100 and use>60%)

Patient assessment
v 15 check items
Simulation
v 22 check items
Treatment planning
v’ 134 check items
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Quantitative Assessment of Workload and Stressors
in Clinical Radiation Oncology

 FMEA StUdy of surface Image QUIded radlosurgery Lukasz M. Mazur, PhD,* "* Prithima R. Mosaly, PhD," Marianne Jackson, MD, MPH,*

Manger et al., Medical Physics, 42 (5), 2449-2461 (2015)
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T Sha X. Chang, PhD,* Katharin Deschesne Burkhardt, MS, DABR,*
ALE T Top Ten T modes ramed oy BT Robert D. Adams, EdD, CMD,* Ellen L. Jones, MD, PhD,* Lesley Hoyle, BS, CMD,*
Potential cause of Potential effects of Jing Xu, MS," John Rockwell, MS, MBA,* and Lawrence B. Marks, MD*
Rank Step Polential failure modes lailure lailure 8] S D RPN
1 31. Contour critical Inaccurate contours Poor im;!gc un11in E.‘f(j'cs:ei\-'u dose 1o 6 8 6 288 ;:::;::::r?f&oi;‘;z;:zogng?::;z%; . tz’;r:;s E‘Z:g;:o;ttttc:,;;;‘;:;sgf;psi::;g;"h.:::hc:;?:;’;zand Industrial Extension
structures Poor registration critical structure
Insufficient training Received Nov 22, 2011, and in revised form Jan 19, 2012. Accepted for publication Jan 20, 2012
1 79, Apply CBCT couch Inaccurate CBCT-CT Poor image quality Geometric miss 6 8 6 288
shifls registration Inattention.
3 EEPIN'iml.\' wCT Inaccurate CT-CT Failed to save Retreat previous target. 5 8 7 280 Stressqrs (0/0)
registered to planning registration registration. [} ]
25 Registalioncror Study Technical MEMUP:  Teamwork  Time Patient Environ-
& 39, Review OAR Critical structure doses Inattention Excessive dose to 5 8 6 240 Group - tion D | mental
statistics not checked critical structure . )
4 29, Previous 1x CT Not done Inatlention Reltreal previous largel 5 8 6 240 Slmmat_lon 20 40 10 10 20
registered o planning Thera pists p— r— - - —
CT L
4 33. Insert Rx and Contours accidentally Contours not locked Underdosing of target 6 8 5 240 Radm“?“ 71 16 13
contour target volumes changed by planner volume Therapists S — -
7 23. Images labeled with Incorrect date label Transcription error May cause conlusion 5 6 7 210
acquisition date and and/or affect MD 30 30 20 20
technigue decision making Dosimetrists — — — —
8 84, Monitor SIG SIG system fails to SIG system failure Geometric miss 3 8 8 192
m(l.w‘filcnl (.:ﬂsul\\ tu . dclclrl patient Physicis‘ts 18 20 16 31 s 7
ensure patient position movement —— — — — — - -
is within tolerance
9 59. Ensure SRS QA has SRS QA not checked Inattention System out of tolerance 6 [ 5 180 Radiation
been completed Dncologists 12 8 4 30
(Winston-Luwiz, ete.) (P) EEE— - - L] E—
9 60. Ensure daily IGRT QA not checked Inattention System out of tolerance 6 6 5 180
::lcgrmcd IGRT QA has All Pooled 136 1.4 1.6 17 9 74
en performed (P) - — - — - -

Fig. 1. Graphic representation of different sources of stressors. Bar width is
approximately proportional to the percentage of the different type of
stressors experienced by each radiation oncology professional subgroup.
The last row in the table represents the pooled average. Stressor types are

defined in Methods and Materials.



= Move the safety barrier close to the origin of the errors

= Save the cost of quality by mitigating the rework and delay
* Relief the stress of the time constraints

= Avoid a moral compromise or burnout

* Engage the clinical decision early stage

* Physicist move to the planner role whenever needed
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Care Path (Traditional)

Image - Image - MD - Dra CNS Plan -
Import Fusion Volume SRS/Spine
Contour Create - MD - Plan Flnallze
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Physics — Thera py —
Second Check Second Check

Sub-optimal Fusion
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Care Path (Traditional)
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Care Path (upstream)
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Upstream Physics Plan Review
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FIGURE 1 Treatment planning workflow at our institution. Shaded boxes 5 3

conventional treatment planning process

highlight additional quality assurance steps compared with the - -
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FIGURE 2 Failure modes discoverable by various steps of the treatment planning process as per an in-house

- committee consisting of 10 physicists. Each failure mode could be covered by multiple quality assurance steps
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Plan Review — Cost of Quality
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Quality Improvement Projects

= Standards and Guidelines, Encounters (Checklists)

Rapld Plan: kevin L. Moore, Automated Radiotherapy Treatment Planning, Seminars in Radiation Oncology, Vol

29 (3), 2019, https://doi.org/10.1016/j.semradonc.2019.02.003

= EzFluence: iena Dragojevic¢, Jeremy D. P. Hoisak,Gina J. Mansy,Douglas A. Rahn,Ryan P. Manger, Assessing the

performance of an automated breast treatment planning software, Vol 22 (4), 2021, https://doi.org/10.1002/acm2.13228

= Auto Contouring
= Script based Secondary Calculation
= Script based Plan check: Automatic plan quality check, collision etc.

= One-click Plan document printing
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Plan Review - Scripting, Automation
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Improved safety features: Hard stops

= Setup note: ISO shift Delta Couch
= Couch parameters

» Bolus sign-off

= High-Dose sign-off

= Collision Detection

= Rx mis-match with planning dose
* |GRT scheduling

= TX time calculation
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Expanded Clinical Roles for Physicists

d Automation has lowered barriers for
physicist to re-engage with routine
planning

d Goals
O Minimize continuous MD re-
engagement with the workload
O More efficient planning
d Less errors / High quality
d More clinical decision making by
physicists
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Conclusion

o Physics plan/chart review should be based on risk
analysis

o0 Practices should work to incorporate physics reviews as
early in the workflow

o Consider automated tools (67% check items are possible
full automation + maybe automation)
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