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Background
• Complex Target Volumes

• Safety and quality of radiation therapy

• IMRT (Intensity Modulated Radiation Therapy)

• VMAT (Volumetric Modulated Arc Therapy)

• Machine specific QA

• Patient specific QA

• References
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Complex Target Volumes

3

• Tumor in red (Prostate)  

surrounded by many organ 

at risks (Hips, bladder, 
rectum, bulbuls, ...) and 

Tolerance dose must be 

maintained => Problem for 
3D conventional



Safety and quality of 
radiation therapy
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Conventional 

treatment=>Prescribe

d Dose is 

limited=>more Risk for 

the neighbour organs 

Organ at Risks are 

more spared => 

escalation of the dose 

prescribed is 
possible=> Reduction 

of Recurrence



Inverse Planning
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Advantage of the inverse 
planning

Main Advantage are:

• Conformal treatment

• Better protection for the organ at Risks

• Possible reduction of the margin

However precaution are to be taken into account

• Scattering radiation are higher then in conventional 

treatment

• Possible recurrence on margin border if motion is 

not well considered
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IMRT technique

• Fixed gantry angle

• Constant dose rate

• Multileaf collimator (MLC) leaves move 

during the treatment (Sliding window )

• Multileaf collimator (MLC) leaves move 

before each sub field (Step and Shoot )

• Non-uniform beam intensity
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IMRT technique
Step and shoot technique:

• The MLC are not moving 

during Irradiation 

• All sub fields within a beam 

angle are consecutively 

delivered to the target volume

• During gantry rotation the 

beam is off
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IMRT technique

Sliding Window Technique

• During irradiation the MLC are moving and forming 

different opening in the field which lead to an  

achieving fluence 

• Dose rate variable

• During gantry rotation the beam is off
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VMAT technique
• During irradiation the MLC are moving and forming 

different opening in the field which lead to an  

achieving fluence 

• Dose rate variable

• During gantry rotation the beam is On
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IMRT/VMAT -QA

• The IMRT/VMAT treatment plans are not 

plausible and they can not be simply 

checked  with a simple calculator

• Therefore extensive checks need to be 

done in order to avoid accidents and 

severe damage to the patient
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Machine specific QA
• Regular checks according to e.g. DIN, IAEA,AAPM

• Frequency: daily, half-monthly, quarterly, half-

yearly, annually

• Include mechanical and dosimetric tests

• Include tests for 3D techniques and IMRT/VMAT
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Tools for the Machine 
specific QA

Gafchromic-Film Allows quick and precise verification of MLC 

leaf positions (Possible also with portal imaging system)
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Tools for the Machine 
specific QA

Mostly used:

• Ionization chambers

• Ionization detectors and pin point chamber, diode, 

diamond, ... for small fields use
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Tools for the Machine 
specific QA
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Water Phantom per example IBA Blue Phantom



Tools for the Machine 
specific QA
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Depth dose distribution

• Dose distribution along the     

axis of the radiation beam 

(PDD = Percentage Depth Dose)

• Depending on density,  

atomic number of the medium,                                      

beam quality and energy

Depth dose distributions measured in the Water Phantom



Tools for the Machine 
specific QA
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Without and with wedge

Beam profiles measured in the Water Phantom



Tools for the Machine specific 
and Patient specific QA

Mostly used:

• 2D-Array in RW3 phantom: Matrixx, PTWseven29, ...
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Tools for the Machine specific 
and Patient specific QA

Mostly used:

• Octavius4D, Delta4, ...
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Tools for the Machine specific 
and Patient specific QA

Mostly used:

• Portal Imaging Detektor 
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IMRT/VMAT-QA

• (a) each level of QA is based on the stability of the underlying levels in the pyramid diagram.

• Class-solution QA decreases in frequency when the class solution matures in the clinic. The point of 

equilibrium, representing the optimal balance, depends on the treatment technique and may further 

evolve with the experience gained by the IMRT/VMAT team. (b) Methodology and tools appropriate for 

each of the levels
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IMRT/VMAT-QA
Machine dependency tests:

• Gantry position/ angle verification

• Static vs. arc dosimetry

• Linearity/ proportionality of the dose monitor at small Monitor 
Units

• Dose profile/ depth dose curve at small MU

• Dependency of the Dose with respect to the field size

• Geometric field size/ dosimetric field size

• Transmission constancy (middle between opposite leafs-DLG)

• DMLC dosimetry

• Leaf speed vs. Dose rate and gantry angle

• Change of the leaf speed 

• Detection if intentional errors during rapid Arc
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IMRT/VMAT-QA
Machine dependency tests:
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IMRT/VMAT-QA
Machine dependency tests:
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IMRT/VMAT-QA
Machine dependency tests:

• Linearity/ proportionality of the dose monitor at 

small Monitor Units

25



IMRT/VMAT-QA
Machine dependency tests:

• Dose profile/ depth dose curve at small MU

• The reason is to identify the minimum possible MU 

that can be set in the optimisation: the machine 

need time to deliver a constant pulse 
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IMRT/VMAT-QA
Machine dependency tests:

• Dependency of the Dose with respect to the field 

size (at small field size the choice of detector 

become critical !!!)
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IMRT/VMAT-QA
Machine dependency tests:

• Geometric field size/ dosimetric field size 
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IMRT/VMAT-QA
Machine dependency tests:

• Transmission constancy

(DLG = Dosimetric Leaf Gap)
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IMRT/VMAT-QA
Machine dependency tests:

• dMLC position dosimetry
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IMRT/VMAT-QA
Machine dependency tests:

• Leaf accuracy position 
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IMRT/VMAT-QA
Machine dependency tests:

• Change of the leaf speed (VMAT)
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IMRT/VMAT-QA
Machine dependency tests:
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IMRT/VMAT-QA
Machine dependency tests:
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IMRT/VMAT-QA
Machine dependency tests:
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Advantage/ Disadvantage
Machine dependency tests:

• Detection of any deviation or instability of the 

machine

• The test can be separately done at different time 

• Risk management process (acceptable tolerance 

table)

• Not every plan of the patients is checked 

• Spontaneous defect can not be checked
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IMRT/VMAT-QA
Patient dependency QA:

• Due to the complexity of the IMRT/VMAT plans the 
treatment plan should be checked.

• An independent IMRT calculation for each field is 
necessary

• An independent VMAT calculation for each plan is 
necessary

• »end to end « Phantom-Verification of the fluence 
with a detector array

• Portal dosimetry

• Comparison of calculation with measurements at 
the same condition and same MU values.
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IMRT/VMAT-QA
Method of Analysis: Gamma Evaluation

• Gamma analysis is the most commonly used method for the 

quantitative analysis of the comparison between planned 

and measured isodose distributions for IMRT and VMAT 

treatments 

• It quantifies the quality of the comparison using a single 
composite measure based on user defined acceptance 

criteria in terms of percent dose difference and distance-to-

agreement (DTA).

where, ΔD is the dose difference and Δd is the change in distance to 

point under evaluation. ΔDt and Δdt represent the user defined 

acceptance criteria, with the most commonly employed acceptance 

criteria of 95% or higher pass rate at 3%/ 3mm. 
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The Gamma Evaluation 
Concept
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Patient specific QA
Pre-treatment verification:

• Dynamic log files (“treatment verification”)

• MonteCarlo simulation (“in silico” QA) [e.g. K. Bush 

et al, PMB 2008] 

• Measurements based on the phantom substitution 

method

The QA process consists on the following steps:
• Make an inverse plan for the patient

• Substitute the patient with the phantom, use the same field settings 

(plan) as for the patient and make a forward dose calculation on the 

phantom.

• Run a fraction treatment with the phantom: measurement

• Comparison between calculated and measured dose distributions 
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Patient specific QA
• Radiation of patient plans

• in a phantom (e.g. Octavius with a 2D-Array)

• => Measurement of the dose distribution in the phantom

• works with both 3D techniques and IMRT/VMAT

• in air on an accelerator-specific portal imaging system without phantom

• => Measurement of the fluence distribution

• works with only IMRT / VMAT

• Comparison of the measured distribution with the 

calculated matrices (Phantom and portal-imaging-

system)
• The agreement is a measure of the reproducibility of the plans
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Patient specific QA
• Validation of patients QA with the portal imaging 

system by comparison with Phantom measurements

• Review a sufficient number of patient plans using both the 

phantomsystem and the portal imaging system

• If both systems meet the target (Gamma-Index-Method: 3%, 3mm)for the 

reviewed plans, patient QA can only be performed using the more 

convenient and faster portal imaging system

• Furthermore, a regular check, e.g. every 10th patient plan with phantom 

measurement)
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Flow for Pre Treatment 
QA: Phantom based
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IMRT/VMAT-QA
Patient dependency QA:

• »end to end« Phantom-Verification of the fluence 

with a detector array
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An independent 

calculation is 

necessary.

Gamma criteria: 

for example: 3% 

/ 3 mm



Phantom based
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Patient specific QA
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OCTAVIUS® II

- Octaeder phantom (Octavius von PTW)

- 2D ionchamber-array (2D- ARRAY seven29,

Matrix von 27x27=729 ionchamber,

volume: 5x5x5 mm, 0,125cm³)

- evaluation with VeriSoft 4.0 (PTW)

Gamma-index



Patient specific QA
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OCTAVIUS® II



Patient specific QA
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Patient specific QA

49



Patient QA Procedure 
with Portal Imager

EPID can be widely used for patient 

specific QA for different cases but 

need to cross check with other 

external measuring tool whether EPID 

providing correct results or not.
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Flow for Pre Treatment 
QA: Non-Phantom based
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IMRT/VMAT-QA
Patient dependency QA with the Portal Dosimetry

Procedure:

VMAT Plan example 
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IMRT/VMAT-QA
Measurement (Portal Dosimetry)

Comparision (left = Linac, right = TPS)
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IMRT/VMAT-QA
Patient dependency QA:

• Portal dosimetry
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Gamma criteria: for example: 3% / 3 mm



Portal Imaging Evaluation
Portal Imaging tool:

• For each predicted Dose (left) a portal dose is measured 
(right)

• The dose difference (middle ) is shown according to the 

gamma criteria
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Advantage/ Disadvantage
Patient dependency tests:

• real treatment of the plan is checked on phantom prior  

each delivery on the patient

• the quality of the plan can be directly identified

• Errors can be  opposed and eliminated what makes 

them hard to detect 

• Machine QA must be in addition done

• Errors are difficult to track whether they come from the 

TPS, the machine itself of the QA Tools and method

• Time consuming 

• The tests can not be separated to different time
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Protocols
• DIN 6847-5: Medical electron accelerators - Part 5: Constancy tests of functional 

performance characteristics, 2013

• DIN 6875-3: Special radiotherapy equipments - Part 3: Intensity-modulated radiation 
therapy - Characteristics, test methods and rules for clinical application, 2008

• DGMP-Report 19: Leitlinie zur Strahlentherapie mit fluenzmodulierten Feldern (IMRT) 
(gemeinsam mit DEGRO), 2004

• AAPM Task Group 142 report: Quality assurance of medical accelerators, 2009

• AAPM Task Group  218 report: Tolerance limits and methodologies for IMRT 
measurement‐based verification QA, 2018

• IAEA Technical Reports Series No.430: Commissioning and Quality Assurance of 
Computerized Planning Systems for Radiation Treatment of Cancer, 2004
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