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Peter MacCallum Cancer Centre, Melbourne
• 5 campuses
• 16 linacs, 1 GammaKnife, 4 SXR
• 7 CT, 1 PET/CT
• HDR, LDR and eBrachytherapy
• SRS, SBRT, TBI, TSET, intraoperative
• More than 7000 RT patients per year
• Varian Eclipse in the cloud (+ Brainlab Elements,

Gammaplan, Oncentra brachy)
• MOSAIQ ROIS
• Physical Sciences includes engineering and

imaging
• Organisation in tumour streams

• COI Research collaborations with Varian Medical
Systems, Vison RT and RefleXion

Main campus Melbourne
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Radiotherapy treatment plan

• Personalised
• Optimised
• The ultimate documentation of

radiotherapy intend and
approach

• Requires checks

Treatment technology 
and techniques

Patient information

Treatment plan

Plan check

Treatment delivery
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Radiotherapy treatment plan

• Personalised
• Optimised
• The ultimate documentation of

radiotherapy intend and
approach

• Requires checks
• Multidisciplinary
• May be repeated

Treatment technology 
and techniques

Patient information

Treatment plan

Plan check

Timing, 
availability

Treatment delivery

Considering 
clinical, 

technical and 
practical aspects

Adaptive 
RT
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Objectives of the presentation

• Provide background for physics
plan checks

• Explore where plan checks fit into
a radiotherapy workflow

• Analyse risks and benefits
associated with plan checks

• Not make recommendations for
your environment – it is something
every physicist must do for their
environment
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Nearly 30 years ago:
• Newcastle Mater Hospital, 3 linacs
• Analysed 2328 checks over 19 months

• Minor (<1%)
• Action
• Major (>5%)

• About 10% of plans warranted
intervention

• Six major (> 5%) errors



1995: 37 hospitals in Australia and NZ

20% no checks



1995: 37 hospitals in Australia and NZ

This would characterise 
our present practice 

(stereo, IMRT, new Tx,…)
2017: 35%

2025: >70% 

Multivendor 
departments



Physics workload for 
checking (1995)
• Quite variable
• Up to 14 hours per week

per linac = about 0.5 EFT
per linac for plan checking

• Mean about 0.15 EFT
• Assume 1.5 physicists per

linac → plan check was
10% of workload



What about today?

Plan checks are the largest component 
of our workload

Another QCL?

MOSAIQ jargon for 
alerting physics to a 

new task



PMCC ROMP workforce model (2024)

5 campuses equipment: 
11.5 EFT required

Patient related: 23.3 EFT 
required



Different times: no more spreadsheets

About 100 new VMAT cases per week



Plan check by physicist at Peter Mac
• Physics at Peter Mac does a plan check for all dynamic plans and small field
• Check list (long, some overlap with planner check)
• QA Nucleus database (Keith Offer)



Plan check is non-negotiable



Plan check is non-negotiable
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QA Nucleus
• The plan checks are recorded in a database that becomes useful

for other work
• Research
• Revising our checklist
• Measuring impact
• Improvement within tumour streams or planning groups
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How effective is the plan checking?

• Assessment of gaps against MPPG11a / other policies / ACPSEM
advice on OIS  / brainstorming

• Analysis of 12 months of physics plan checks
• Number of replans
• Number of times plans were discussed (quality improvement activity)

• Risk assessment per item using TG-100

20
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Actions after checks

• Replan request rate ~ 1.3% (about 100
patients per year)

• Per plan advice given rate ~4.3%
• This doesn't include advice for consults before the

check

21

A Roman centurion 
looked after roughly 

100  soldiers
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Example risk assessments as per TG-100
Conventional RPN SABR/SRS RPN

Artefacts Correctly Handled 252 Image Registration Appropriate 378

Optimisation Constraints 

Appropriate 196
Appropriate Imaging

280

Fluences and MLC Motions 

Appropriate 180
Artefacts Correctly Handled

252

Implanted Devices Correctly 

Handled 140
Optimisation Constraints 

Appropriate 252

Appropriate Imaging
112

Implanted Devices Correctly 

Handled 210

Dose Prescription Matches 112 Appropriate MU 210

Appropriate Bolus 100 iGTV Includes Target Motion? 210

PTV Contouring Reasonable
96

Correct CT Calibration Curve 

Used 200

Calculation Grid Size 

Appropriate 96
4DCT Review

196

Appropriate MU 80 PTV Contouring Reasonable 168
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Formal multidisciplinary review

• Workload consolidation
• Reduction of overlap between checks of different professional groups
• New system with two categories

• “For Category 1 plans, RT’s are responsible for checking all aspects of plan
quality, with Physics checks focusing on safety, robustness and deliverability
of the plan.

• For Category 2 plans, both RT and Physics will review the contouring and
dosimetric plan quality, as well as safety, robustness and deliverability.”

Category 1 Category 2

Standard VMAT, IMRT and DCAT techniques for 
radical and palliative fractionated cases.

Paediatrics, SABR/SRS, FB gating, specified clinical 
trials, Gamma Knife, reirradiation and new techniques

24
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New system
• Went live late March
• We don’t time plan checks;

anecdotally at least 10
minutes saved for category 1

• 1274 checks done in new list,
919 categorised as category 1

• > 150 hours saved, likely already
paid for itself time wise Cat 1

Cat 2

Original

Eg: Light green 
is SABR/SRS



This has suited PMCC in 2025…

• May not work for other centres
• Continuous monitoring

required
• Depends on

• Staffing numbers
• Staff training and experience
• Patient profile
• Technologies, techniques
• Workload
• Other checks

Plan checks

Staff training

Patient profile

Techniques

Workload Other checks

Equipment

Technologies

Staffing numbers

Staff experience

Regulations Research
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Plan checks are part of patient specific QA

• Radiotherapy is (and has been for many decades) personalised
medicine

• Every treatment plan is different
• QA is required:

• Are there any underlying problems with the plan generation?
• Patient related: Imaging, motion, immobilisation, timing, obesity, …
• Machine related: Choice of modality, beam model, optimisation, …

• Can it be delivered?
• Are there better solutions?
• Should we change/improve practice?
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Patient specific QA

• Plan review
• Contours
• Motion
• Beam arrangement

• Independent dose calculation
• Phantom measurement
• Image guidance
• In vivo dosimetry



Is it any good?
• No good correlation between

‘pass’ of institutional QA and
‘pass’ by external auditor



New tools to 
improve…

• Plan checks are part of
this learning process

• No QA for plan checks
as yet?



Selecting what should be checked

• Prioritization based on ‘scientific’ risk management

• How likely is it to happen and how severe are the
consequences

severity

likelihood Do something 
about this first!



Identified risks



Selecting what should be done

• Prioritization based on ‘scientific’ risk management

• How likely is it to happen and how severe are the
consequences

severity

likelihood

Often add third 
dimension:
How easily is 
the problem to 
go undetected?



Selecting what should be done

• Prioritization based on ‘scientific’ risk management

• How likely is it to happen and how severe are the
consequences

severity

likelihood

Often add third 
dimension:
How easily is 
the problem to 
go undetected?

Risk priority number 
helps prioritisation:

L x S x U
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AAPM Report 283
• Published 2016
• > 10 years in the making
• Long (54 pages + appendices)
• Long awaited
• Failure Mode and Effects Analysis 

(FMEA) approach

Prospective Risk Management



Prospective risk analysis:
Failure Mode and Effect Analysis

Start is a process map

Huang et al 
TRO 22

Riegel et al 
JACMP 22

Rassiah et al 
JACMP 2020



What is done?
What can go 

wrong? 
How likely is 
this and how 

severe are the 
consequences? 

FMEA Fault tree analysis

What has gone 
wrong?

Why did it 
happen?

What were the 
contributing 

factors?

What can go 
wrong?

What are the 
contributing 

factors?
Why may it 

happen?

Root cause analysis

Simplified scheme of two prospective and one retrospective approach to risk management



Literature galore for 
FMEA

TRO 22



Clinical evaluation 

Therapeutic decision

Patient set-up/immobilisation

Imaging for planning

Treatment planning

Simulation

Treatment

Evaluation during treatment

Follow up

Adaptation

Image guidance

Plan selection/QA

Motion management

Typical patient pathway external beam RT

Presented Platform : Global Alliance for Medical Physics Education and Research (GAMPER)



Clinical evaluation 

Therapeutic decision
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Vendor 1

Vendor 1

Vendor 2
PACS

Vendor 4

Vendor 3

Auto contouring
Vendor 5

Vendor 4

Vendor 6

Vendor 6

Vendor 6

Own experience:
• Major issues related to 

multivendor environment
• CT issues mostly related to

lasers and flat couch top
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AI can help 



Automation at Peter Mac

• K Offer attempt to develop a machine learning model to predict
plan QA results – problem not many ‘true fails’ in the training set

• For Plan Checks, we try and automate what we can
• Automate ‘data entry’ recording
• Automate report submission
• Automate checking management

• We don’t try to automate what can’t
• Human reasoning and oversight still important in the chain
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Notifications

• Notifications each morning of new
patient starts based on prescriptions
and fields, not relying on having the task
sent to us

• Saves time following things up, helps
monitor incoming workload

• Aim to turn this into a live dashboard
• Also notifications for SABR scans at CT,

new patients with implanted devices,
patients who change UR while on
treatment etc.

47
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Scripting

• Automation of otherwise
manual processes

• Integral part of our treatment
planning and plan checking
practice



Governance and 
documented 
important Value add?

Resources?

Assign responsibilities

Idea!

script

Testing



Peter Mac usage of Eclipse scripts
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Peter Mac usage of Eclipse scripts
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• As of 2025-03-31:
• 493 unique users
• 26636 unique patients
• 358451 script executions



Peter Mac usage of Eclipse scripts
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Plan check script
• Typically done prior to physics checks as part of planning
• Contains numerous elements from physics policies, e.g. hard rules:

• Jaw tracking
• Avoiding collimator 0
• Dose and optimisation settings
• High resolution structures
• Slice thickness
• Slice number (for third party systems)
• Plan / treatment normalisation

• Various other issues that have caused issues in the past
• Bolus not included in calculation
• Common optimisation pitfalls
• Couch correct for treatment unit
• Incorrect dose rates
• CT missing slices
• Field ID’s already in use on other plans
• User origin moved

• Warn if not matching standarised naming
• And more



Does the plan check script work?
• Last time we ran the numbers, physics intervention rate reduced

by approximately 1/3 for plans where the script was run



Traditional workflow

Diagnosis Prescription Planning QA Treatment Follow-up

Oncologist Oncologist RT Physicist RT Oncologist

Do we 
still 

need 
this?

?



RT Physicist

Advanced workflow (adaptive as an example)

Diagnosis Prescription Planning QA Treatment Follow-up

Oncologist Oncologist RT Physicist RT Oncologist

Immobilisation, 
DIR, Motion 

Verification
Motion

OncologistPhysicist

MDT
Contouring

Contouring

Radiologist

Features:
• More professions
• More complex tasks
• Need for automation
• Overlap of tasks
• Non-linear workflows

Radiobiologist
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RT Physicist
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RT Physicist

Advanced workflow (adaptive as an example)

Diagnosis Prescription Planning QA Treatment Follow-up

Oncologist Oncologist RT Physicist RT Oncologist

Immobilisation, 
DIR, Motion 

Verification
Motion

OncologistPhysicist

MDT
Contouring

Contouring

Radiologist

Who checks what and when?
• Oncologist
• Radiation Therapist
• Physicist

Radiobiologist

Some duplication is desirable:
Defence in Depth



What does the physicist bring to the table?

• Dose calculation algorithms
• Knowledge of imaging modalities

• For planning
• For IGRT

• 3D geometry
• Appreciation of motion
• Awareness of multivendor environment
• Good grasp of uncertainties
• Computer literacy



Role of plan checks

• Education of physicists
• Education of other professionals
• Ensuring a safe and deliverable plan for a patient
• Ensuring a close to optimal plan for a patient
• Providing feedback to the multidisciplinary team
• Learning for the next patient
• Improving planning process
• Informing future developments and purchases

Communication

Data base
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RT Physicist

Advanced workflow (adaptive as an example)

Diagnosis Prescription Planning QA Treatment Follow-up

Oncologist Oncologist RT Physicist RT Oncologist

Immobilisation, 
DIR, Motion 

Verification
Motion

OncologistPhysicist

MDT
Contouring

Contouring

Radiologist

Who checks what and when?
• Oncologist
• Radiation Therapist
• Physicist

Radiobiologist

The last check?
• Least number of changes

to be expected
• Least desire of anyone to

implement a change



Clinical evaluation 

Therapeutic decision

Patient set-up/immobilisation

Imaging for planning

Treatment planning

Simulation

Treatment

Evaluation during treatment

Follow up

Adaptation

Image guidance

Plan selection/QA

Motion management

Typical patient pathway external beam RT

physics

physics

physics

Plan check

physics

Summary
• Treatment plans are key

documentation of radiotherapy
• Checking them is essential
• Deciding on the optimum checks

and their schedule can be based
on risk analysis

• Physicists bring a number of
important qualities to the role

• Understanding of the clinical
objectives is essential

• Automation will allow focus on
new issues

• Once developed a process must
evolve and can be adapted to 
other problems
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Clinical evaluation 

Therapeutic decision

Volume study (eg prostate)

Imaging for planning

Treatment planning

Treatment

Evaluation during treatment

Follow up

Adaptation

Plan selection/QA

Implant under image guidance

Typical patient pathway in brachytherapy

physics

physics

physics

Plan check

physics

physics

physics

physics

Plan check

physics



Clinical evaluation 
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Patient set-up/immobilisation
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Clinical evaluation 

Therapeutic decision

Review previous treatments

Evaluation of scan and assess uptake

Determination of intended activity

Treatment verification scan(s)

Evaluation of delivered dose

Follow up

Documentation

Treatment (131I, 177Lu, 161Tb, 90Y, …)

Diagnostic test scan (68Ga, 99mTc)

Typical patient pathway in theranostics

physics

physics

Plan check

physics



Thank you and many colleagues 

Physicists checking plans
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