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. Since the role of the FMEA team member in the radiation oncology department will
influence in the perception of severity of a given failure mode, the following weighting
factor has been defined to account for this bias:

B Incorrect patient set up prior to CT (FM1)

[Equation 3] Cone-Beam CT artifact (FM2)

Image detector failure (FM3)

- P;is aself evaluated score of the FMEA team member’s level of clinical responsibility Cone-beam CT calibration error (FM4)
Incorrect CBCT Acquisition Mode (FM5)

relevant for the failure mode (see Table 1 for evaluation guidelines). Incorrect CBCT Reconstruction Mode (FM6)
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The adaptive radiation therapy workflow for Varian Ethos platform was outlined Final Adaptive Plan Generation
Failure modes were identified at each step of the workflow Generated plan not deliverable (FM14)

Each FMEA team member provided the following data for every FM identified: Adaptive plan generated using incorrect CT (FM15)
Optimizer used incorrect constraints/goals (FM16)

. Score of Occurrence (O
PU R POS E S £ ity (S ©) Al algorithm used inappropriate training data (FM17)
. core of Severity (S) Decision between Adaptive Plan and Original Plan

Score of Detectability (D) Incorrect clinical decision criteria used (FM18)

. Self-assessment of Experience Level (E) Incorrect decision is made (FM19)
5. Self-assessment of Risk Bias Level (P) Change in patient anatomy during adaptive planning process not detected in final CBCT (FM20)
The failure modes (FM) in the workflow of Varian’s Ethos Adaptive Radiation Therapy Risk priority number was calculated using two methods: : : MOBIUS — Log File based QA
platform have been analyzed by accounting for each FMEA team member’s »  Conventional RPN : Using only O, S, D QA passes/fails due to incotrect tolerance# (FM21)

. . . ) ) P . Log files did not record actual delivery error (FM22)
experience and risk bias. s. Weighted RPN : Using O, S, D, E and P (Equations 1 — 3)
Failure modes were ranked using both the conventional RPN and the weighted RPN to
determine relative risk priorities
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Figure 2: Overview of Failure Modes and Effects Analysis

This diagram illustrates the key steps of FMEA: (1) Assemble an FMEA team, (2) Develop detailed Process Map, (3]
Identify failure modes for every step within each sub-branch of the process map, (4) FMEA team members score
occurrence, detectability and severity of each failure mode, (5) Fault tree analysis used to trace the causes behind high
risk priority failure modes, (6) Mitigation plans and quality management procedures are introduced to minimize
likelihood of failure modes in the process

Identification of Failure Modes

CONCLUSIONS

* The clinical process diagram outlining the Ethos workflow will be valuable for
clinicians preparing for introducing adaptive radiation therapy into clinical practice.

N i=1°1

* The potential failure modes identified in this work will be valuable when
commissioning adaptive radiation therapy technologies and implementing quality
management procedures.

* The experience and risk bias weighted approach to FMEA has the potential to
provide a more meaningful evaluation of failure modes compared to conventional
FMEA.

Deformable Registration with Planning CT

= Conventional FMEA obtains scores for the occurrence, severity and
detectability for each failure mode and uses them to calculate a risk priority
number (RPN) to evaluate the relative risks.
Each FMEA team member will inherently have their own level of relevant
experience and risk bias when providing evaluation scores. Conventional FMEA
approach does not take into consideration the inherent risk and experience
bias during the scoring process.
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Adaptive Radiation Therapy techniques present new challenges when developing
effective safety and quality management procedures in the workflow.
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Table 2: Failure modes identified at each Step of the Ethos adaptive radiation therapy process
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