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What a quality assurance procedure look like?

Linac acceptance and beam characterization (profiles PDDs etc)

TPS commissioning

Special technique commissioning

Periodic QA

PS QA: Pre Treatment 

PS QA : In vivo 



What a radiotherapy worflow look like?





Errors in modern radiotherapy

Set-up 30%

Planning 26%

Clinical 5%

Delivery 2%

Physics calculation 0.3%

Bojechko et al Med. Phys. 42 (9), September 2015



Pre-treatment QA In vivo Dosimetry

IVD vs pre-treatment QA



Pre-treatment Patient Specific QA

• It is really necessary to validate TPS and linac delivery 
for all patients?

•Accuracy of TPS computation and linac delivery 
depends on plan complexity and can decrease 
dramatically in special cases.

•Even if rare, the impact of these errors could be severe 
in SBRT



Pre-treatment Patient Specific QA

• AAPM-RSS Medical Physics Practice Guideline 9.a. for SRS/SBRT:

Measurement-based Patient QA is strongly recommended

• AAPM TG 218:  Appropriate choice of PSQA device is necessary to 
ensure the accurate dose delivery to the patients

• The major requirement of a PSQA systems is to have a dosimetry 
system with highest resolution, lowest dose rate and angular 
dependence, rapid response, real time data analysis and fast 
setup



Pre-treatment Patient Specific QA

G-T profile at the isocenter (top), 
the 2D γ distribution on the 
coronal plane passing 
through the isocenter at 2% 2mm 
(middle) and 2% 1mm (bottom)  
are shown: 
A PTW Octavius 4D 729, B PTW 
Octavius 4D 1000 SRS (SRS), and C 
Dosimetry Check.



Measuring area of PTW OCTAVIUS 4D 729 (a), 1500 (b) and 1000 SRS (c).

A. Bruschi et al. Physica Medica 49 (2018) 129–134



Pre-treatment Patient Specific QA

Devices resolution should be the highest for 
steepdose gradient end small field
1) Ion chambers matrix
2)Solid state matrix
3)Radiochromic film
4)EPID based software
5)Three dimensional Gel



Pre-treatment Patient Specific QA

Gamma passing rate criteria: looking for magic number

AAPM TG 135 - Robotic radiosurgery : >90% for 2%/2 mm 3D Global analysis
with 20% threshold dose

• In some study a more strict criteria of 90% using 2%/1 mm  for 2D Local or 
Global analysis is reccomanded



Measurements during the dose delivery

• Point dosimeters 

• Log file analysis software

• Transmission 2D dosimeters

• EPID based dosimetry

• Dose accumulation methods 



Measurements during the dose delivery

In-vivo dosimetry: An IVD system must be able to capture 
errors due to equipment failure, errors in dose calculation, 
patient positioning errors, and patient anatomy changes. 

On-line measurements methods: any measurement 
performed during therapy able to capture at least one class of 
errors.
Olaciregui-Ruiz I,et al  Phys Imaging Radiat Oncol. 2020 Aug 29;15:108-116.  
Esposito M. et al Radiot and Oncol 149 (2020) 158–167



Log file analysis

Vivian U. Y. Chow et al J Appl Clin Med Phys2020;21:11:179–187



Log file analysis



Point dosimeters

System In vivo evaluation Test Verified plans
Type of 

treatment

Diode Therados DPD6 Noel et al. 1995 Entrance dose 7519 3D CRT

Diode Scanditronix EDP 
11 Fiorino et al. 2000 Entrance dose 1433 3D CRT

Diode EquiDose™II Higgins et al. 2003 Entrance dose 51 IMRT

TLD-100, Harshaw Engstro et al. 2005 Entrance dose 177 IMRT H&N

TLD-700, Harshaw Lonski P. et al. 2017 Out of field dose 110 SABR

TLD GR200A  
Dipasquale G. et al. 

2014 Intracavitary PTV dose 61 VMAT

LiF TLD D.C. Weber et al. 2001 Intracavitary PTV dose 31 3D CRT

MOSkin Legge K. et al. 2017 Intracavitary OAR dose 12 VMAT - SBRT

Plastic Scintillator Cantley et al. 2016 Intracavitary OAR dose 1 VMAT - SBRT





Transmission 2D dosimeters 
Ionization chamber and solid state devices have been 
considered 

They allow measurement of machine parameters during 
treatment 

2D devices can increase the skin dose
X rays spectrum can be modified
A tray factor should be considered in TPS



37 patients 
80 channel system  
Δ=3% for warning
Δ=5% for alarm

2 case exceeded 3%

Case1: decalibrated upper collimator block. 
Case2: plan was re-imported into the R&V system a
few segments was lost

Poppe et al. Radiotherapy and Oncology 95 (2010) 158–165



EPID transit dosimetry
Exit fluence 
projected on EPID

Comparison predicted signal
vs actual signal

EPID signal
Backprojected on  patient
CT 

Comparison TPS e measured dose 

Projection
algorithm

Backprojection
algorithm 



EPID transit dosimetry
System Algorithm Dose Test

Renner et al. 2003* Backprojection Dose 3d DVH, Gamma

Piermattei et al. 2006* Backprojection Iso Dose Iso Dose diff 

van Elmpt el al. 2007* Backprojection Dose  2d/3d Gamma 3%/3mm, DVH

Francois et al. 2011* Backprojection Iso Dose Dose diff

Berry et al. 2012 Projection Dose EPID Gamma 3%/3mm

Fuandrog et al. 2013 § Projection Dose EPID Gamma 3%, 3mm

Bedford et al. 2014 Projection Dose EPID Gamma 3%/3mm

Mc Cowan et al. 2015 Backprojection Dose 3d Gamma 3%/3mm

Yoon et al. 2016 Projection 4d Dose EPID Gamma 3%3mm

Spreeuw et al. 2016 § Backprojection Dose 3d DVH PTV



In phantom accuracy

System Algorithm Test
Homogeneous

phantom

Inhomogenehous

phantom

Renner et al. 2003 Backprojection Dose Iso < 3.5% * <10% * (<3.5%)

Piermattei et al 2006 Backprojection Dose Iso < 5% NV

van Elmpt el al 2007 Backprojection Dose Iso <1% <5% (<1%)

Francois et al 2011 Backprojection Dose Iso <5% * <10% * (<5%)

Berry et al 2012 Projection Gamma 3%/3mm >95% >95%

Fuandrog 2013 § Projection

Gamma 3-4%, 3-

4mm >86%-89% NV

Bedford 2014 Projection Gamma 3%/3mm >90% >90%

Mc Cowan et al. 2015 Backprojection Gamma 3%/3mm >94% >94%

Yoon et al. 2016 Projection Gamma 3%3mm >92% >92%

Spreeuw et al.2016 § Backprojection Dose Iso <1% <5% (<1%)





SBRT applications: Abdomen Pelvis

152 fraction from 80 
patients in three years 
16 Liver
11 Adrenal gland
12 spine
41 Pelvic nodes

M. Esposito et al 
Radiotherapy and Oncology 154 (2021) 14–20 







SBRT applications: lungs

Esposito et al  Strahlentherapie und Onkologie 2023 https://doi.org/10.1007/s00066-023-02081-x 





Dose accumulation methods
A family of computation methods that allows dose
reconstruction taking tumor intrafraction movements into
account 

DAM elements: 

(i) a tracking system to monitor patient and target positions, 

(ii) a linac machine status monitoring system,

(iii) a dose computation tool that reconstructs and accumulates 
the dose during the fraction.



Dose was reconstructed by modeling the motion of a rigid
target as multiple isocenter shifts into the TPS

Poulsen et al Radiotherapy and Oncology 111 (2014) 424–430



Poulsen et al Radiotherapy and Oncology 140 (2020) 93-100





Dose accumulation methods
4d-MRI imaging. The treatment was simulated

Each segment computed with Monte Carlo

algorithm taking in to account linac

parameters and volume position sampling

40 ms.

Dose was accumulated in a specific

temporal phase using DVF

Glitzner et al. Phys. Med. Biol. 60 (2015) 8869–8883



Each segment needs 15 second for computation at 5% variance





Conclusions

•Patient specific QA (pre treatment and in vivo) are needed in 
SBRT

•PS QA are useful only if all others QA are performed

• In vivo dosimetry systems and on line measurement methods
were proven able to intercept and correct clinically relevant 
errors

• The clinical utility of on line methods has not yet been proved



Three dosimetric physical quantities:

Dp: planned dose                      Computed by TPS 

Dm: measured dose                  Measured by a 
device

Dd: delivered dose                    Actual dose

Dp≠Dm≠Dd

Dm is the best estimation for Dd


