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Outline (1)

Pre-treatment QA: 

i) Linac QC: Laser, Isocenter, Multileafs 

verification

ii) Imaging system QC: Isocenter verification

iii) Patient specific QA

iv) End to end test

v) Inter(national) Audit



Linac QC



Winston-Lutz test



Test OK

Test NOT OK



On Board Imaging System QC
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Registrazione Immagini Portali  con DRR
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Registrazione CBCT scansione TC

-0,3

-0,2

-0,1

0

0,1

0,2

0,3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

S
ca

rt
o

 C
B

C
T

/T
C

 [
cm

]

Scarto direzione X (L/R)

Scarto direzione Z (A/P)

Scarto direzione Y (S/I)



Patient specific QA

Pre-treatment patient specific QA is mandatory 

The revelator resolution is a critical parameter 

because of the small target dimension

Gamma Agreement Index 2%2mm should be 

used



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



End to end test



End to end test



End to end test



External Audit



Take home messages

• SBRT requires high level of accuracy in all 
phases of the treatment process

• QC for each phase of the SBRT process are 
foundamental

• The high level of accuracy is achieved by 
applyng tight tolerances

• E2E tests detect errors, improve dose delivery 
accuracy and provide confidence

• Partecipation in external Audits is very 
effective to guarantee patient safety



Outline (2)

• In-vivo dosimetry: introduction and definitions

• Devices for in vivo dosimetry:

i) Point dosimeters 

ii) Transmission 2d dosimeters

iii) EPID based dosimetry

iv) Dose reconstruction methods

• Clinical results

• Real time in vivo dosimetry



Definitions

• In-vivo Dosimetry (IVD): any measure performed during
therapy that enable an estimation of actual dose absorbed
by patient.

• Aim of IVD: to establish if the difference between planned
and measured dose is within a tolerance level Δ.

• IVD quasi real time: results are available just after the
fraction, errors detected can be corrected in the next
fractions.

• IVD real time: results are available during the treatment, the
treatment can be stopped before fraction is compromised



Why IVD ?

• Prevent accidents                Δ>> 10%

• Correct clinical relevant errors             (Δ> 5%)

• Measure the overall accuracy and 
reproducibility of treatment                        Δ=?



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



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

Point dosimeters

Journal of Applied Clinical Medical Physics, Vol. 17, No. 6, 2016



Transmission 2d dosimeters

• Transmission QA systems place an array of detectors between the collimated beam 
and patient 

• They allow intra-fraction measurement of machine parameters during treatment

• A tray factor should be considered in TPS

1513 IC

3d dose 

in planning CT 

Single IC 

Segment-by-Segment

Signal comparisons in

real time. 

Comparison of

80 channel signal

respect to QA



Transmission 2d dosimeters-

Clinical results
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

B Mijnheer IOP Conf. Series: Journal of Physics: Conf. Series 847 (2017) 012024

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 



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

EPID transit dosimetry

* Commercial system

§ Real time systems 



In phantom accuracy
System Test Homogeneous Inhomogeneous

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

Piermattei et al 2006 Dose Iso < 5% NV

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

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

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

Fuandrog 2013 § Gamma 3-4%, 3-4mm >86%-89% NV

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

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

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

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

* Independent measure

§ Real time system



Clinical results EPID (1)
Antoni van Leeuwenhoek Hospital, Amsterdam: van Elmpt el al 2007

15076 plans between 2012 e il 2014: 30% out of tolerance

1/407 plans contained clinically significant errors

B. Mijnheer et al. Pract Rad Onc (2015)





Clinical results EPID (2)
Cancer Care Manitoba: Mc Cowan el al 2017 117 SBRT

patients.

Tolerance level =85% PTV (D>20% Prescription Dose)

Gamma (3%G/3mm)<1

After EPID acquisition optimization out of tolerance cases

decreased from 22% to 8%



Clinical results EPID (3)

Working group of AIFM about EPID in vivo dosimetry

Multicentric evaluation:

1) Systems used

2) Test evaluated

3) Tolerance levels set

4) Number of patients evaluated

5) Number of test out of tolerance

6) Identification of errors 

Up to now 7 centers (3 commercial systems) 12000 evaluations

about 2000 patients



IN CONCLUSION DOSIMETRY CHECK IN ITALY WAS APPLIED ON:                         181 PATIENTS WITH 416 TESTS 

AND PER FRACTION WAS APPLIED ON:                                                                         76 PATIENTS WITH 552 TESTS 

 

Dosimetry Check USL Firenze VMAT SBRT & VMAT 
Test ΔCTV  mean dose, Tolerance 5%. All the Tests were carried out using optimized patient setup (CBCT)  

Technique Anatomical site P T T/P 
T out of 

tolerance 
T% out of 
tolerance 

T (and T%) 
Incorrect set up 

T (and T%)  
Device 

Immobilization  

T (and T%) 
incorrect 

computation 

T (and T%) 
Anatomical 
variations  

T (and T%) 
unknown causes 

 
VMAT SBRT Abdomen / pelvis 50 83 1.7 20 24% 5 (6%) 4 (5%)     11 (13%)  
VMAT SBRT lung 31 139 4.5 17 12% 7 (5%)   2 (1%)   8 (6%)  

VMAT Head and Neck 23 100 4.3 14 14%   5 (5%)   9 (9%)    
TOTAL   104 322 3.1 51 17% 4% 3% 1% 3% 6%  

DOSIMETRY CHECK  was also used in the center of  PIACENZA for 77 PATIENTS WITH 94  TESTS. THE RESULTS WERE CONSISTENT WITH THOSE OF FIRENZE. 
 

Per Fraction Candiolo Torino VMAT 
Test ΔPTV mean dose, Tolerance 3%. All the Tests were carried out using optimized patient setup (CBCT)               

Technique Anatomical site P T T/P 
T out of 

tolerance 
T% out of 
tolerance 

T (and T%) 
Incorrect set up 

T (and T%) 
Device 

Immobilization  

T (and T%) 
Machine 

depending 

T (and T%) 
Anatomical 
variations  

T (and T%) 
unknown causes 

 
VMAT Prostate 16 159 9.9 22 14% 6 (4%)     16 (10%)    
VMAT Abdomen /pelvis 8 74 9.3 9 12% 3 (4%)       6 (8%)  
VMAT  Lung+ mediast. 10 54 5.4 25 46% 6 (11%)     19 (35%)    
VMAT Breast 9 46 5.1 5 11% 5 (11%)          
VMAT Head and Neck 5 49 9.8 8 16% 8 (16%)          
VMAT Brain 3 35 11.7 0 0%            
VMAT Palliative 25 135 5.4 8 6%       1 (1%) 7 (5%)  

TOTAL   76 552 7.3 77 14% 5%     7% 2%  

             



 

SOFTDISO USED AT ROME FOR 823 PATIENTS WITH 11357 TESTS, OBTAINED BY 3 LINACS. 9 PATIENTS/DAY/LINAC THE WORKLOAD WAS 35MIN/DAY/LINAC 
SOFTDISO was also used in the center of  CHIETI,  CHENGDU (CINA), CAMPOBASSO, FOR 523 PATIENTS WITH 11.146 TESTS, OBTAINING RESULTS SIMILAR TO ROME 

IN TOTAL IN THE LAST YEARS SOFTDISO WAS USED FOR : 1612 PATIENT   WITH 23471 TESTS 

SOFTDISO Gemelli Roma VMAT 
Warning message if at least one off tolerance of:  R (Diso), γ%, γmean indexes. All the Tests were carried out using optimized patient setup (CBCT or VPI / DRR) 

Anatomical site and 
tolerance 

P 
T (per 
beam) 

~T/P 
T out of 

tolerance 
T% out of 
tolerance 

T (and T%) 
Incorrect 

set up 

T (and T%)  
Device 

Immobilization 

T (and T%) 
incorrect 

computation 

T (and T%) 
Anatomical 
variations  

T (and T%) 
unknown causes 

Breast (5%, 5mm) 7 118 17 14 12% 10 (8%) 4 (3%)       

Torax (5%, 5mm) 37 474 13 43 9% 23 (5%) 20 (4%)       

Abdomen (5%, 5mm) 65 875 13 70 8% 41 (5%) 20 (2%)   9 (1%)   

Pelvis (5%, 5mm) 263 3855 15 231 6% 190 (5%) 41 (1%)       

H&N (3%, 3mm) 80 1462 18 44 3% 32 (2%) 12 (1%)       

Brain (3%, 3mm) 31 451 15 9 2% 7 (2%) 2 (0%)       

TOTAL 483 7235 15 411 5.7% 4.2% 1.4%   0.1%   
After the corrections, triggered by at list one index out tolerance (R > 5%, γ% <90% and γmean >0.4),   
the mean indexes for single patient were within the tolerance level: R within 5%, γ% ≥ 90%, γmean< 0.4 

SOFTDISO Gemelli Roma 3DCRT 
Warning message if at least one off tolerance of:  R (Diso), γ%, γmean  indexes. All the Tests were carried out using optimized patient setup (VPI / DRR) 

Anatomical site and 
tolerance 

P 
T (per 
beam) 

~T/P 
T out of 

tolerance 
T% out of 
tolerance 

T (and T%) 
Incorrect 

set up 

T (and T%)  
Device 

Immobilization 

T (and T%) 
incorrect 

computation 

T (and T%) 
Anatomical 
variations  

T (and T%) 
unknown causes 

Breast (5%, 5mm) 198 1718 9 378 22% 210 (12%) 168 (10%)       

Torax (5%, 5mm) 27 505 19 96 19% 56 (11%) 20 (4%)   20 (4%)   

Abdomen (5%, 5mm) 33 579 18 139 24% 84 (15%) 40 (7%)   15 (3%)   

Pelvis (5%, 5mm) 21 511 24 128 25% 101 (20%) 13 (3%)   14 (3%)   

H&N (3%, 3mm) 16 212 13 40 19% 15 (7%) 25 (12%)       

Brain (3%, 3mm) 45 597 13 101 17% 80 (13%) 21 (4%)       

TOTAL 340 4122 12.1 882 21% 13% 7%   1%   
After the corrections triggered by at list one index out tolerance (R > 5%, γ% <90% and γmean >0.4)   
the mean indexes for single patient were within the tolerance level: R within 5%, γ% ≥ 90%, γmean< 0.4  



Dose reconstruction methods

A family of computation methods that allows

reconstruction of dose inside planning CT

Using information from: 

Linac logfiles, CBCT, online imaging, external 

tracking systems, EPID.

• Evaluate effect of intra-fraction movements 

• Suitable for measuring the tracking accuracy 

in real time  



Dose reconstruction methods

Dose was reconstructed by modeling the motion of a rigid

target as multiple isocenter shifts with TPS

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



Dose reconstruction methods

Liver VMAT SBRT, 6 patients, 18 fractions 



Dose reconstruction methods 

(online)

Ravkilde et al. Med. Phys. 45 (8), August 2018 



• Fast dose computation algorithm (accurate 

in homogeneous media)

• Takes in to account in real time the linac 

and target movements 



Dose reconstruction 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



Take home messages (2)

• EPID in vivo dosimetry was proven able to 
intercept and correct clinically relevant 
errors 

• Real time systems are under development 
and are ready for clinical use

• Dose reconstruction methods can guide 
online tracking systems 


