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Quality assurance (QA)
• Quality assurance
• Quality system
• Quality standards
• Quality controls

Quality assurance in Radiotherapy 
• Guidelines
• Medical Device QA
• Non-Medical Device QA
• Patients QA
• Present and future of RT QC
• Tests: frequency and tolerances
• Tools and other QA programs

Today I will not provide specific QA methods and tests…
You should find (define) the tests and methods adequate and appropriate
for your center, experiences, technologies and available tools
…look at the problems and guidelines!
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QUALITY ASSURANCE (QA)



IDENTIFY OR PREVENT SOURCE OF ERRORS?
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Look for:
Small or big errors?
Rare or frequent errors?
Random or systematic errors?
Unpredictable or newly errors?

To be accurate once a year (Annual QA) or 
to be adequate everyday (Daily QA)?:

Matteo 7:3 : "Why do you look at the speck of dust in your 
brother's eye, but fail to notice the log in your own eye?"



Simplify theory and QA Programme (i.e. Six Sigma)
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QUALITY ASSURANCE (QA)

All the planned and systematic actions necessary to provide 
adequate confidence that a product or service will satisfy the 

given requirements for quality. (Prof. Golam Abu Zakaria)
QUALITY 

ASSURANCE
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QUALITY ASSURANCE (QA) – Sample Guidelines
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QUALITY ASSURANCE (QA) – Sample Guidelines

Please, refer to recognized and registered international agencies and associations, not to occasional websites
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NO NEED TO INVENT ANYTHING: THE GUIDELINES ARE AVAILABLE!



The Quality Management System consists of:
• An organizational structure
• The processes
• Responsibilities
• The procedure
• Resources
• People who know what to do
• People who know how to do it
• People who have the means to do it
• People motivate to do it because they have a common goal

QA SYSTEMS AND  STANDARD
It's not just paper and operating instructions

Organize and Track the documentation
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Possible definition (ISO Source):
A Quality Management System is a set of all connected and interdependent activities that
influence the Quality of a product or service. Documents the processes, procedures and
responsibilities for achieving quality policies and quality objectives.



QA PROGRAMME
National or Local Regulatory, Quality System, Certification and Tools. (Examples)

PDCA Cycle (Deming Cycle)

E.g. Requirements in Italy and Emilia Romagna……..
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National  and Local Regulatory

Certification Office Certification Office



Source ISO 9001:2015
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Example of an Organizational Model
(i.e. Medical & Health Physics Service for radiotherapy)



Workflow

Mission

Care
(Patients)

Radiology

Radiotherapy

M
edical Physics

Nuclear M
edicine

O
ncology

Surgery

Screening

Em
ergency

Pr
es

cr
ip

tio
ns

Im
ag

in
g

Co
nt

ou
rin

g

M
ed

ic
al

 D
ev

ic
e 

Q
A

Pl
an

ni
ng

Pa
tie

nt
s Q

A

Tr
ea

tm
en

ts
 

De
liv

er
y

Fo
llo

w
-u

p

Au
di

t e
 R

ev
ie

w

Radiotherapy Processes

…
 Territory

Input
(Patients)

Internal Factors External Factors
Strategies

Contest

Service

Workflow

Sub-Processes

Procedures, 

QA Programs

and Manuals

11/09/25 G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 12

Workflow, Processes, Sub-processes and Procedures
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Documentation tracking (example)



SETUP QA PROGRAMME AND DO IT!!
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LINAC & IMAGING : EQUIPMENT'S EVOLUTION in RT

NEXT GENERATION
• LINAC MRI
• LINAC PET
• PROTON AND CARBON
• ………..THERAPY
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Future? Hybrid-Machine 
Nanotechnology & Genomic

Artificial Intelligence

TBI (2005)
TBI Paediatric (2007)

Arc-TBI (2016)
Tomotherapy - 4DCT

Adaptive RT
(2008)

Easy

180 cm

10 cm

1 cm

Lesion

ComplexTreatment

LINAC Gold Model 
Quasi Real-Time Planning 

(2020-2023)
HPC (High Performance Computing)

(2021-Today)VMAT  (2011)
VMAT FFF (2017)

DIBH  (2017)

SBRT Prostate 
Ultrasound

(2022)

Brachytherapy 
(2004)

Brachytherapy-
MRI

(2021)

IMRT
(2005)

1 mm

3D-CRT
(2000)

Head & Body
Stereotactic

(2005)

Radiosurgery
(2004)

RADIOTHERAPY… ROADMAP
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HIS REPOSITORY
DIGITAL & LEGAL DATA

eChart COM.NET Billing AURIGA
ARCHIVE/BACKUPPACS/PACS-RT

Radiotherapy Network & Facility

Siemens Biograph 64 mCT

Toshiba Aquilion 16

MOSAIQ

AI – HPC
Research

Monaco Oncentra-Brachy

Raystation MyQA & 
PerFraction

Imaging Planning and QA  systems Hub Hospital
Treatment Machine 

(Remote site)
Hospital

Treatment Machine 

Hospital Network (Data Center) 

Interoperable Network

Radiotherapy Network and Facility

MR 1.5T Philips
MR 3.0T GE
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HIS REPOSITORY
DIGITAL & LEGAL DATA

eChart COM.NET Billing AURIGA
ARCHIVE/BACKUPPACS/PACS-RT

Network and Imaging

Siemens Biograph 64 mCT

Toshiba Aquilion 16

MOSAIQ

Imaging 

Hospital Network (Data Center) 

Radiotherapy Network and Facility

MR 1.5T Philips
MR 3.0T GE
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Is a WORLD

All in one day

Might is not possible



Treatment Planning Systems (Example)

AI – HPC
Research

Monaco Oncentra-Brachy

Raystation MyQA & 
PerFraction

Planning and QA  systems

Radiotherapy Network and Facility
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• Multimodality Imaging
• IVDT (Density table vs. HU)

• MRI calculation capability
• Density override

• Quantitative imaging
• PET, SUV, etc..

• Contouring
• Manual
• Automatic
• Model Based

• Co-Registration
• Rigid (MI, CC)
• Deformable registration
• Dose Accumulation

• Physics Modeling
• Algorithm (CCC or Monte Carlo)
• Planning (photon, electron, etc..)
• Reconstruction (DRR, Synthetic, ecc..)
• DVH, Report and QA
• Connectivity (DICOM, DICOMRT, R&V)
• Artificial Intelligence

• Machine Learning
• Deep Learning)

• Auto Planning, Adaptive RT Modules
• Radiobiology
• Cybersecurity and AI

Cybersecurity for AI
• Ransomware Impacting 

Healthcare
• Healthcare Industry Victimization 

by Ransomware
• Data Leak Trends
• Cyber Attack of Health System
• New Ransomware Capabilities
• Mitigations 

AI for Cybersecurity
• Mitigations
• Machine Learning
• Network Scanning
• AI based Anomaly Detection
• …ask to your IT or Cybersecurity 

department…
• Know what we must do or avoid
• Know the problems and risks



LINAC and On-Board Imaging (i.e. example)

Hub Hospital
Treatment Machine 

Radiotherapy Network and Facility
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• LINAC QA
• Geometry and mechanical
• Energy (FF/FFF) and Dosimetric
• Inter/interleafs
• MLC Interdigitation
• Doserate
• Gantry rotation speed
• Safety and collision
• Couch (Robotic and 6° freedom)
• Complete procedure after interruption
• TBI (Non-Standard conditions)

• VMAT, IMRT, dMLC, 3DCRT
• MLC Interdigitation
• Leafs speed
• Penumbra

• CBCT/EPID/MVCT
• Image Quality
• Contrast/Uniformity
• Bad Pixel Map
• Image Density (IVDT)
• Spatial resolutions
• Geometric
• Accuracy
• Reconstructions
• TBI imaging
• Vivo Dosimetry

• Radiosurgery, SBRT
• Positioning (frame vs. frameless)
• Accuracy
• Rotational of gantry and collimator

• TBI (Total Body Irradiation)
• Instruments and device
• Vivo Dosimetry and device
• Delivery (Non-Standard conditions)

• Non-Homogeneity condition
• Cerrobend - Tray
• Real-time monitor systems

• Non-medical device
• Instruments
• Barometers
• IOS – R&V
• Monitors
• Safety (Camera and Door Interlock)



Remote Site

(Remote site)
Hospital

Treatment Machine 

Radiotherapy Network and Facility
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• Complete overview of the data from the Hub 
• Equal QA Program
• Equal accuracy and frequency

Remote sites are not treating patients B!!

Issues to evaluate to have same performance



QA – QUALITY ASSURANCE INSTRUMENTS
(i.e. Adaptive RT based on CBCT or phantom for gating verification)
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• AAPM Report No. 62: Quality Assurance for Clinical Radiotherapy Treatment
Planning (December 1998)

• Report of the AAPM Task Group No. 105: Issues associated with clinical
implementation of Monte Carlo-based photon and electron external beam treatment
planning (2007)

• IAEA Technical Report Series No. 430 : Commissioning and Quality Assurance of
Computerized Planning Systems for Radiation Treatment of Cancer (October 2004)

• IAEA TEC-DOC No 1540: Specification for Acceptance Testing of Radiotherapy
Treatment Planning Systems

• IAEA TEC-DOC No.1583: Report of the Coordinated Research Project on Development
of Procedures for Quality Assurance of Dosimetry Calculations in Radiotherapy

Treatment Planning Systems (Example Guideline)



Physics Modeling
(Beware of the Gold Models or pre-commissioned factory data ) 

Almost all of the data are imported from IDMs
Dose Normalization is adjusted based on experimental measures to fit the Gold model
The intrinsic physics model might be improved with accurate measures of the build-up.
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Modeling of the measures (Theory vs. Practice)
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MEASURE MISTAKE EFFECTS

11/09/25 26

Effect of shifting depth-ionization data measured with cylindrical chambers upstream by 0.6 
rcav for photon beams and 0.5 rcav for electron beams (with rcav = 1.0 cm).  For the electron 
beams, (b), further corrections are applied to obtain the %dd(x) curve shown.

G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications



SCATTER KERNEL
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Fluence vs. Dose (Water vs. Inhomogeneous)
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Dose profiles (High/Low dose range)

Using a threshold of dose related to the Maximum dose = 5%
• Though of little relevance, the low dose area still might be modeled more accurately in the physics model
• The gradient appears to be calculated and delivered correctly even for high doses and small volumes (SRS/SBRT conditions)
• A Threshold of 5% is certainly very conservative, in the relevant dose ranges, dosimetry results are excellent when previously discussed 

planning strategies are followed
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Planning (0.5 cm dose grid) vs. Final Plan Recalculated (0.3 cm dose grid)

Only minor dose distribution differences for different dose grids

Might you do not appreciate by the DVH where is localized the dose difference?
Faster does not mean necessarily accurate. 
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LINAC QA and Guideline (i.e. AAPM, IEC, IAEA)
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Are they still applicable

to modern technologies?

Any updated guidelines?



i.e. LINAC QA
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Define QA, frequency, tolerance, timing and personnel …
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Beam Matching – No.4 LINAC (6,10,15 MV FF and FFF)
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All in one

Might a compromise be necessary

Vendors commonly impose their own standards,

but these standards may not be compatible with

clinical needs (e.g. SBRT, RS).

There are still no clear indications and guidelines



IMAGING QA  

We are doing daily imaging of the patients for 
setup and Adaptive RT purposes. 
Which is the best QA frequency and tolerance?
What are you planning with the next 
generation of Hybrid-Machine?
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SOMETIME OBJECTS AND PHANTOM CAN HELP THE WORK-LIFE
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IMAGING QA (forgot something?)

Dicom or Non-Dicom monitor for Adaptive RT?
Frequently are provided TV  Conversions, 
instead medical device monitor …. Might the  
non-medical devices could hide some 
unexpected issues

Surface tracking, robotic couch and LINAC 
and Imaging device isocenter should be 
aligned.

US (Ultrasound device) 
Spatial alignment, repositioning and image quality
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Calibration of the Output after the Upgrade

Accurate recalibration, always within Service
Engineering requirements, improves dosimetrical
results

Relative variations were compliant with the machine
specification requirements, but asymmetrical along the
profile. Absolute dose was therefore more
asymmetrical than expected (2Gy)
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Software, 3rd Part device, Brachytherapy, Other systems (i.e. example)

Hub Hospital
Treatment Machine 

Radiotherapy Network and Facility
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• 4D Radiation-Therapy
• Breath synch
• Beam on/off and delivery (DIBH)
• Ramp-up of the beam-on
• Surface tracking systems

• Complete procedure after interruption
• 3DCRT
• IMRT, dMLC or Sliding Windows
• VMAT
• Radiosurgery, SBRT

• Isocenter junction
• Junction of the beam and divergence

• Log files connectivity and Software analysis
• Unpredictable cases (near missing or errors)
• Connectivity with IOS
• ……….radiation therapy

• Brachytherapy
• Delivery Systems
• Positioning and accuracy
• Source calibration
• Applicator reconstruction
• Instruments
• CT/MR compatibility
• CT/MR Calculations
• Registration, Contouring
• Dose Accumulation
• Safety and Interlocks
• Monitor 
• Vivo Dosimetry



DEFINE THE BASELINE AND REPEAT FREQUENTLY (AS LOW AS REASONABLE) THE QA TEST 
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i.e. Isocenter and MLC position (Picket, Fence) Tests
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QA on practice – Setting a baseline and comparing trends
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TBI-Arc (Total Body Irradiation)
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TBI QA Programme
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TBI QA Programme (Vivo Dosimetry) 

TBI specific pre-irradiation controls in addition to those prescribed for 
conventional radiotherapy



…i.e. QA FOR TREATMENT MACHINE USING EPID
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How do you support a No-Coplanar beam using EPID/CBCT?
Why do we not support the transit dosimetry for those patients?



i.e. POTENTIAL QA AND ERROR DETECTED
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…DURING THE COMMISSIONING YOU NEED TO VERIFY THE TOLERANCE….
….. AND DEFINE THE FUTURE BASELINE
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FFF MACHINE

VMAT MACHINE

AGREEMENT TPS-PLAN-DELIVERY

What can happen if the instruments are not calibrated



Courtesy of Andrew Jongho Jung Princess Margaret Cancer Centre (Toronto)

ALTERNATIVE - INDEPENDENT REAL-TIME BEAM MONITOR SYSTEM
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• Possible QA of the LINAC 
• Pre-Treatment QA activities
• Error prevention instead of error 

management
• Intra-fractional verification system
• Real-Time user interaction
• Automated monitoring of every 

single treatment fraction
• Patient delivery and safety 

improved in real-time
• In-Vivo evaluation
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Brachytherapy QA
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Brachytherapy QA

Quality Control of Brachytherapy Equipment, 
2004 (ESTRO)
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CONCEPT – Take Home Messages

Expert Brainstorming- Multiple-criteria decision
Decision Maker

Wrong Workflow or Healthcare Model – Error investigation Results: Simplify and prevent accident



Organization of the Quality System in Radiotherapy

• Vision of the process and service provided

• Codified structure and responsibility

• Documentary collection, training and performance monitoring

• Detail of the operating instructions

• Sustainable and viable organizational models

• Improvement actions, Audits and Reviews

• Awareness of the quality of work and information support available

Take Home Messages

Risks of miss-interpretation of QA Programme

• Implementation and description of impractical or unsustainable processes

• Detailed but unreliable walkthrough description (Review)

• Inconsistency between «Best-Practice» and «Clinical-Practice»

• Useless production of documents with staff repulsion to correct use

• Lack of awareness of the quality of work
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“That’s too much!!!”
(Praha 2009)


