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INTRODUCTION

« System theoretic process analysis (STPA) * We demonstrated the first use of system theoretic process analysis (STPA) to create a  The QM program should be transferable between MLTT systems as tests use tolerances
has not yet been used in radiation therapy to comprehensive QM program for marker-less lung tumor tracking based on the system specification
create a comprehensive quality management  The STPA was undertaken by a limited team and then reviewed for completeness * There were tests recommended by other publications that were deemed not necessary
(QM) program.  STPA resulted in a more comprehensive analysis using a smaller team than FMEA due to the exclusion of scenarios out of the end user's control
 STPA was used to devise a QM program for
a marker-less lung tumor tracking (MLTT) M ETH o DS
system (figure 1). : STPA '+ STPA[2,3] (fig 2) only assessed those items relevant to or influenced by the operation of the marker-less lung tumor tracking
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+ The linac acquires kV projections, ' 1. What events mustn’t é Model the ,, 37 i » Figure 3 provides details the process of taking the scenarios and developing the QM program.
o ' occur (losses) E. & . - L : g : .
. The projections are passed onto | 2. What events might System : I | The study was performed and led by a medical physicist, with support from three additional medical physicists.
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experimental MLTT software [1] via a 1\ lead to a loss (hazard) /° © \ YR Controlte ) The STPA was reviewed by two software developers and two independent medical physicists.
| |  The QM program was reviewed by the same two independent medical physicists.
framegrabber, | N N! _ . . -
H H | . . iy .
+ The software processes the images and | Identitfy C.GUSC" Iden’rlfy.Unscfe Control : |dentify ] Score ] Categorise ] Mitigate 1 Organise ]
| Scenarios Actions (UCAs) |
provides a continue or pause | What § - The contexts in which control ! 4 N 4 N 4 N 4 _ N 4 N
| hat Tactors might © confex’s In Which control {11 1« STPA | « Based on: 1 * Group 1 + Actions that 1 « Select
recommendation to the treatment staff, !\ combine to cause an UCA | |  actions might become unsafe =/, outputs . Source of scenarios identify and suitable
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Figure 2: Steps taken to analyze the target
system and generate the QM program. Figure 3: Steps involved in creating the QM program.
« 8 control actions influence the marker-less lung tumor tracking system in its installed form (fig 4). (01 Oncology
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Figure 1: Clinical workflow of the marker- Interface with Assess the external system interfaces Commissioning/ Functional (C05) | [(CO6)KV | | (FB-02)Updated couchposition
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less lung tumor tracking system. external systems update of interface o .
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tests y treatment fraction Figure 4: Control structure diagram model of the system layout of the marker-less lung
SOPs: Create standard operating prc?cedures for. Prior to first patient EX|§t|ng/ tumor tracking system. The control actions independent of the marker-less lung tumor
 Treatment staff the treatment staff that are written according available . : : . .
Co NT ACT | ‘ | tracking system were deemed not applicable to the analysis (solid bronze lines).
* Planning staff to ‘'work-as-done’#
I N Fo RMATI o N Implement systems to train staff
SyStem behaVior Work Wlth the VendOr tO : CommiSSioning/ AS per SyStem 1. Mueller, M. et al. MArkerless image Guidance using Intrafraction Kilovoltage x-ray imaging (MAGIK): study protocol for a phase | interventional study for
* Demonstrate the system meets the annual specification lung cancer radiotherapy. BMJ Open 12, (2022).
o o _ 2. Leveson, N. G. & Thomas, J. P. STPA Handbook. (MIT Press, Cambridge, United States, 2018).
specified system specifications 3. Thomas, J. STPA Step 4 - Building Scenarios - A Formal Scenario Approach. (2024)
4. Rayner, A. Improving systems: understanding ‘work as imagined’ versus ‘work as done’. In Practice 45, 55-57 (2023).

* Validate behavior of the software in edge
cases and known scenarios
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