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Strategies and Guideline
(i.e. Independent Dose/MU Calculation vs. EPID QA)
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Vendors available (MU Calculation)
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Algorithms available
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Dose algorithm, acceptance and commissioning
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Vendors available (EPID Dosimetry)
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EPID Characteristic
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Achievable passing rate vs. Metrics and Tolerance
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Challenges and issues

EPID

Independent Dose/MU Calculation

15/09/2023 G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 9



EPID QA
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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?



Begin of the EPID Pre-Treatment verification
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2D or 3D? Single o End-To-End errors assessment
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CBCT Recalculation: Issues

Today we have notice of possible issues related to  Image Quality, ED Table, Resolutions, Reconstruction, 

Artefacts, Non-Homogeneity, High-Z, Dose algorithm
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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 vs. Plan delivery

What can happen if the instruments are not calibrated



Integrated server-based web application, access from ANY networked PC

PROCESS

PATIENT

MACHINE

Dose CHECK

Per FRACTION

Secondary independent Dose Calculation:

Double Dose Check;

Algorithm Validation

Patient Follow Up during Treatment;

Detailed Analysis of Treatment Plan;

Detection of Errors & Uncertainties;

Action Plan for their reduction;

Pre-Treatment & In-Vivo Dosimetry:

QA Machine

Check Machine QA:

Imaging; MLC & VMAT;

TG 142 templates;

Phantoms for tests.

✓ Independent Dose Check ✓ Patient Monitoring✓ Pre-Treatment QA

Logfile Experiences
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How does it work?

TG #142
✓ Picket Fence

✓ Wiston Lutz

✓ Gantry & leaf Speed

✓ Dose Rate & Gantry Speed

✓ Uniformity

✓ Flatness & Symmetry

✓ …

EPID

Patient 
Treatment

Email Alert

Automated
Processing

2nd 
Check

Pre-T
QA

In 
Vivo

Dose 
(A&R)

CT &
CBCT

Per FRACTION

Analyze

Record

DoseCHECK

Fraction 0TM

Fraction NTM

Point
2D,3D

Data
Capture

Dose CHECK

Logs

PATIENT

Log-Files Platform – How does it works?

Machine QA
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Dose CHECK

Per
FRACTIONTM

Machine

Patient

Machine

Patient QA – Machine QA
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TPS Dose Calculation vs. Independent Dose Calculation using RT files & 
Convolution/Superposition Algorithm.

TPS Dose Dose Calculation

✓ Raystation

✓ Monaco

Isocenter Point ΔD[%] = (0,1 ± 0,5) %

Overall Gamma ΔD[%] = (0,5 ± 0,8)%
(3% / 3mm – Pass:95%) 

RT Plan + RT Images + RT Structures

Information of VersaMO#1 and VersaMO#2 was 
sent to Logfiles Platform (plans in phantom)

They provide the adjusted beam models…

✓ More Accurate DoseCHECKTM

Dose Check –Independent Calculation
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Log-Files Platform

Analysis Type?

EPID vs Log?

EPID vs. Log Files
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Reference Data Measured Data Calculation Analysis

Fraction 0 – 3D TPS Data
EPID / Log-File data

MLC Positions - Dose Rate - Gantry 
Angle - Collimator position

CT-Sim Analysis 2D/3D
NO Absolute

Fraction N – 3D TPS data/SDC
Log File data

Dose Rate - Gantry Angle -
Collimator position

CT-Sim or 
CBCT

Analysis 3D
NO Absolute

What are we 

comparing?

A Modena…

2D-3D Calculation or CT/CBCT Calculation?

Log-Files Platform
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Operative Instructions

Instruction and QA Programme
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Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT TPS Export…

✓ Images
✓ Structure Set

✓ All Structures
✓ Total Plan

✓ All Individual Beam Doses

✓ Calculate dose per FRACTION

Fraction Import…

Treatment Planning System Connectivity
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Total Prescription Dose…

Has to be completed manually, only Number of Fractions came automatically.

Plan Name…

Has to be the same name as the plan that will be treated in the machine (MOSAIQ).

Plan Settings… General Settings…

✓ .

YES → If Fraction0 will be performed
NO→ If Fraction0 won’t be performed

Plan Setting, Target, OARs

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Template Type…

Independent of the Template we choose,
the calculation will be performed in all
fractions

Metrics can be defined

Structure Type…

Clicks      has to be putted in the organs we are interesting on follow and/or that we want them to be 

part of Overall Gamma Calculation.

Body always here!

Dummy Structures / 
Rings / Couch

PTV’s
If more than one and it’s not
SIB, put the in the one
corresponding to the actual
plan.

(Ex: 1TMamm → PTV1)

Plan Settings… General Settings…

Metrics

Yes

DoseCHECKTM

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Calculation Source…

Any of these two ones is possible. The
difference is in the time the system will
be “expecting” the information.

Planned → From TPS.

Calculated → SNC Algorithm.

Plan Settings… Calculation Settings…

Calculation Settings

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT

15/09/2023 G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 26



Event Settings…

Dose Check: Patients QA

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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3D Analysis…

Composite Dose Point:
Beam Dose Point:

Targets & OARs
✓ Gamma Analysis (%);
✓ Metric: Mean, D90, D95, Dmax;
✓ TPS Dose Value;
✓ QA Dose Value;
✓ Δ%.

Overall Gamma
✓ Passing Rate (%);
✓ Total Points;
✓ Failed Points.

Possible to Add Points for evaluation. Current Metric

3D Analysis
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DVH: Min, Max, Mean of each Structure. Reference & Calculated Dose.

Images: Calculated, Planned & Gamma Comparison

DVH estimation and comparison
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Error 

Detection

Verify all Data arrived correctly from TPS:

Verify Plan Settings:

Evaluate Beam Model:

VersaMO#1: Beam model performed with plans sent to Log-Files Platformfrom Monaco TPS
VersaMO#2: Beam model performed with plans sent to Log-Files Platformfrom Raystation TPS

Patients planned in Monaco → VersaMO#1          Versamo#2

Patients planned in Raystation → VersaMO#1              Versamo#2

This issue it’s being solved with an integrated model for both TPS.

X No Template Type;
X CTV in wrong position;
X Body in wrong position;
X Dummys in wrong position.

If Less/5 it’s possible to
export missing data.

Error Detections - Case

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Pre-Treatment QA…

Log File

QA Plan in Matrix

Calculation using Logfiles in 
Patient CT with SNC Algorithm

3D Analysis…

✓ Composite Dose Point
✓ Beam Dose Point

Targets & OARs
✓ Gamma Analysis (%);
✓ Metric: Mean, D90, D95, Dmax;
✓ TPS Dose Value;
✓ QA Dose Value;
✓ Δ%.

Overall Gamma
✓ Passing Rate (%);
✓ Total Points;
✓ Failed Points.

Fraction 0: Pre-Treatment Patient QA

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Pre-Treatment QA…

Log File +

EPID Images
QA Plan in EPID

Calculation using Logfiles & EPID Images in 
Patient CT with SNC Algorithm

Measurements with EPID can ONLY be used to verify MLC movements. 
NO Absolute Dose can be evaluated with EPID measurements since calibration is missed!

✓ Composite Dose Point
✓ Beam Dose Point

Targets & OARs
✓ Gamma Analysis (%);
✓ Metric: Mean, D90, D95, Dmax;
✓ TPS Dose Value;
✓ QA Dose Value;
✓ Δ%.

Overall Gamma
✓ Passing Rate (%);
✓ Total Points;
✓ Failed Points.

2D / 3D Analysis…

Fraction 0: Pre-Treatment QA

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Error 

Detection

Verify all Data arrived correctly from the Machine:

✓ LogFile,

If not, a Retrieve of
the LogFiles can be
performed.

CBCT

Verify Fraction Data arrived correctly:

(1/4 Received)

Error Detection: Fraction 0

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Fractions: 1, 2, 3,…,N Fractions in Calculation

Image Source…

The image source for the calculation can be selected
between Plan CT or CBCT from any day.

Be Careful: If CBCT is pre-imposed, Log-Files platform
will take the last CBCT performed on the patient,
independent of the data!

3D Analysis…

Results compared with 

Plan CT or with CBCT

✓ Composite Dose Point
✓ Beam Dose Point

Targets & OARs
✓ Gamma Analysis (%);
✓ Metric: Mean, D90, D95, Dmax;
✓ TPS Dose Value;
✓ QA Dose Value;
✓ Δ%.

Overall Gamma
✓ Passing Rate (%);
✓ Total Points;
✓ Failed Points.

Error Detection: Fraction 1,2,3…..n

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Error 

Detection

Verify Fraction Data arrived correctly:

Evaluate Beam Model:

VersaMO#1: Beam model performed with plans sent to Log-Files Platform from Monaco TPS
VersaMO#2: Beam model performed with plans sent to Log-Files Platform from Raystation TPS

Patients planned in Monaco → VersaMO#1          Versamo#2

Patients planned in Raystation → VersaMO#1              Versamo#2

This issue it’s being solved by SNC with an integrated model for both TPS.

Verify all Data arrived correctly from the Machine:

✓ LogFile,
✓ CBCT + shift
✓ DIBH Interruptions

If some data do not arrive, a
Retrieve Data can be performed.

Combination of information. 
Issues for multiple Treatment Planning Systems

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT
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Error 

Detection

In CBCT:

Daily, CBCT’s are being performed to patients with different acquisition protocols.
CBCT should be calibrated in Hounsfield Units for each one of the clinical protocols.
But… Platfomr allows only one Calibration Curve for the CBCT: the calibration curve implemented nowadays is
one measured with the Gammex phantom with protocol: Fast Prostate Seed S10: S10 (120KV; 16mA; 16ms).

LIMITATION: due to the multiple protocols of acquisition the image quality and ED Table 

could be different, but the systems could record only one ED Table? 

A mean ED table could not be a solutions, might you have to find the appropriate tolerance 

or thresholds

CBTC Calculation and Issues

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT

15/09/2023 G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 36



In order to overcome this limitation…

A universal curve that contemplate all protocols is under study

Filter KV mA ms

Pelvis M20 F1 120 40 40

Slow Prostate M20 F1 120 64 40

Half CBCT Dx S20 F1 120 20 20

Fast Head & Neck 
S20

F0 100 10 10

Head & Neck S10 F0 100 10 10

CT of Catphan Phantom was acquired (Water bags were positioned
around the phantom to evaluate not only the change of the CBCT
calibration curve according to the protocol, but also if there is scatter
influence on CBCT calibration curves).

No.5 CBCT with different Protocols were measured in order to obtain
No.5 calibration curves:

Investigate the issues and find a workaround acceptable for the center

Yes

Dose CHECK

Fraction 0TM

Fraction NTM

Record

3D 

Analysis

Error 

Detection

Pass?

No

Yes

2D/ 3D 

Analysis

Error 

Detection

Pass?

No

Yes

3D 

Analysis

Error 

Detection

Pass?

No

Log-Files Platform

RT Plan + Dose + CT

To continue… a PTV will be contoured in the catphan phantom and a treatment plan will be performed in order to
obtain the correspond DVH. The same treatment plan will be calculated in each one of the CBCT’s and DVH will be
analysed.
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In-Vivo Monitoring: Fraction NTM

✓ 2D/3D analysis Quality Assurance with EPID &/or LogFile;

✓ Transmission measured during treatment delivery

✓ Dose reconstruction based on patient positioning/anatomy; 

✓ MLC movements & delivered MU during patient treatment.

Pre-Treatment QA: Fraction 0TM

✓ Used for 3DCRT, IMRT, VMAT, SRS/SBRT;

✓ 2D/3D analysis QA with EPID &/or LogFile

Log-Files Platform

Pre-Treatment QA

Fraction 0TM

2D Analysis

Absolute Dose

3D Analysis

Absolute Dose EPID + Log

Log Only

Pre-Treatment QA

Fraction NTM

2D Analysis

Relative Fluence 

/ Absolute Dose

3D Analysis

Absolute Dose EPID + Log

Log Only

Types of Analysis

Ideally a Workflow
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Dose Matrixx vs. Log-Files accuracy
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Patients QA: Daily monitoring

15/09/2023 G. Guidi – 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 40



Patients QA: might something needs a verification
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Patients QA: something goes wrong
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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



Gold Model and Beam Matching – No.4 LINAC
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On-Axis vs. Off-Axis
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Rectangular Fields (i.e. 10x2 and 2x10) Model Fi
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Machine QA – Dosimetrical Details
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Machine QA – Geometrical Details
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Machine QA – MLC Details
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Machine QA – Imaging
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• Software is a useful tool for Machine QA & Patient QA follow trends during treatment;

• All connections & links for implementation works properly for multiple LINACs; 

• Beam Model of each Linac was performed, some extra adjustments were requested; 

• Some patient’s results are being manually extracted from the SW and analysed;

• A Query Retrieve is under development for automatic extraction of results and DB construction.

• Implementation of Results in Clinical decision is still under complete

• The final goal is the beam-matching of No.4 LINACs and Automatic Calculations..…

• … but the most important is a complete Daily Vision of the Patients Treatment in Real-Time 

Conclusions & Future Challenges
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“That’s too much!!!”
(Praha 2009)


