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Decision support for adaptive radiotherapy: 
in Vivo Dosimetry 



Patient may change during the treatment course

2D analysis trending



At what point should we adapt

• What is understood as ”adaptation”?

• When should the treatment be ”replaned”?



At what point should we adapt

• What is understood as ”adaptation”?

• Any change made during the delivery so that the patient conforms to our patient model used for 
treatment planning. 

• Can it be adapting the position, can be adapting to motion (breath hold/gatting)

• When should the treatment be ”replaned”?

• When the differences cannot be compenasted by repositionning/table shifts and rotations, 
motion control strategies

• When the immobilisation devices do not fit to the patient and lose their purpose

• When the there can be ”relevant” differences in the resulting dose distribution



Some points to consider

• Imaging can be used for real time treatment monitoring: 

• Patient position and tumor/organ motion. 

• Adaptive radiotherapy: Adapting to tumor size and position.



Advances in dose delivery need more accurate patient 
positioning and monitoring

Beaton, L., Bandula, S., Gaze, M.N. et al. How rapid advances in imaging are defining the 
future of precision radiation oncology. Br J Cancer 120, 779–790 (2019). 



We are already adapting to changes with 
IGRT

Dose distribution 
invariant when we 
adapt to position 
and rotations

Static dose cloud 
approximation



We are already adapting to changes with 
IGRT

But we know that 
the dose 
distribution 
changesv…

Static dose cloud 
approximation
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How can we know that the difference is significant?
Available data
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How can we know that the difference is significant?
Syntetic CT from CBCT
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How can we know that the difference is significant?
Deformable registration + structure set in the CBCT 
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How can we know that the difference is significant?
Dose recalculation (original RT plan)



How can we know that the difference is significant?
Comparison of actual delivered dose with the planned dose

Discussion with RO



There exist some commercial solutions 



In vivo dosimetry as a suport tool 
for adaptive RT



4 linacs

219

1 x Clinac 2100 3 x Truebeam

iVD for every patient: 1800 
patients/year

Sant Pau Hospital

TPS: 
Eclipse

Secondary calculation and transit In-Vivo 
dosimetry: 
PerFraction (Sun Nuclear)

IOS: 
ARIA



Transit in-Vivo Dosimetry: 
Clinical Use



LinacTreatment Planing 
System

Patient

Plan TPS
Plan checked

Constrains

Data 
transfering

Secondary 
calculation

Dose 
distribution

Pre-treatment 
verification

Linac performance

IGRT

In-Vivo 
Dosimetry (iVD)

Patient-specific quality assurance

Conclusion
Real-time monitoring of patient surface and beam control during the whole treatment session accounts 
for higher in-vivo dosimetry gamma rates obtained using SGRT. This highlights an increase in treatment 
accuracy.



In-Vivo 
Dosimetry 
with diodes

1997

SunCHECK 
installation 

2017

Clinical use of
 Transit iVD

2019

Analysis of results 
and tolerances 
adjustment

2020

Use of 
database

2021

3DCRT (homogeneous 
fluence at beam entrance)

IMRT

3DCRT, IMRT, VMAT
Electrons

IVD experience at Sant Pau Hospital

       These readings confirm point doses

Secondary dose 
distribution calculation 
clinical use



Patient platform
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Script developed in Eclipse

Direct comparison with the dose constraints in the prescription
Checks main treatment paràmetres
Access during optimisation/evaluation by all personnel



❶  First level: 

→ EPID based image

❷  Second level: 
la unidad es capaz de administrar lo 
planificado durante el tratamiento   

→ log-files based calculation 

❸  Third level: 
la dosis administrada coincide con la 
planificada

→ EPID transit image

F0: pre-treatment verification Fn: in-Vivo verification  (iVD)Fn: online verification

Patient-specific quality assurance

FORWARD 
APPROACH



PerFRACTION™ platform

CBCT 

Fraction n



Treatment plan 
exporting from 

TPS

Action levels 
template 
assigning

Predicted image 
calculation at 
the EPID level

Automatic 
retrieve of the 

EPID integrated 
image

Automatic 
calculation of 

Gamma analysis

Workflow



EPID-based transit IVD

checking the field size to avoid irradiating EPID electronics!!

Limitations of EPID-based transit iVD:

• Large fields
(size of EPID)

• Lateral fields
(collision risk)

• Fields with couch rotation
(collision risk)



     Analysis 1D

        Analysis 2D

         Analysis 3D

RT TX record , 
logfiles  in all 
sessions

EPID 
integrated 
images

RT TX 
record  
Logfiles
CBCT 
calculation

Editable 
templates

Gamma
analysis

Analysis



2D analysis: transit IVD

 2D image analysis: integrated image

Expected image:
- Relative: 1st fraction EPID 

image
- Absolute: predicted dose 

by the platform using RT 
plan and CT simulation

Delivered image:
Integrated image 
per beam

Comparison:
Gamma analysis (user-predefined and automatic calculation)



 2D image analysis: integrated image

Gamma analysis

Abdomen and Thorax

H&N and brain

Breast, extremities, palliatives

editable templates

2D analysis: transit IVD



 3D image analysis: log-files + CBCT

3D analysis



In-Vivo and log-files based analysis

in-Vivo verifications
EPID images for detecting transit dose

Analysis 2D

 

Offline verifications
Logfiles + CBCT  

Analysis 3D

✔ Treatment delivery as expected?

✔ Verification of patient position during 
treatment

✔ Evaluating the causes of the deviation

✔ Dosimetric impact assessing→  
supporting replanning decision by RO



Alert assessment          Out of tolerance

Flag alerts assesing

Actions to be taken

External Data Base



Results



Results: failed fractions

By technique

By treatment unit

By location

H&N

Lung
Breast

Abdomen

Pelvis

Prostate

Extremities

10% of daily sessions flag alerts

Linacs with half of the 
workload

EPID-based iVD analysis



Results: failed fractions

By location

H&N

Lung
Breast

Abdomen

Pelvis

Prostate

Extremities

10% of daily sessions flag alerts Cause of alerts

EPID-based iVD analysis



Results: failed fractions

By location

H&N

Lung
Breast

Abdomen

Pelvis

Prostate

Extremities

10% of daily sessions flag alerts EPID-based IVD analysis

Actions



Clinical examples
 



Ex 1: Patient position

Delivered ExpectedGamma analysis
H&N

Shoulders position



Ex 1: Patient position

Delivered ExpectedGamma analysis

Shoulders position

H&N



Ex 1: Patient position: change of practice

Patient long mask Planning CT Take out the mask Place IV Reposition patient
Mask

Contrast CT



Ex 2: Patient anatomy

H&N
Weight loss 2D analysis trending

Off line adaptive
Replanning



Ex 3: Patient position

Breast

Arm position



Ex 3: Patient position change of practice

IMPLEMENTATION OF IGRT

Figure 1. Positioning and monitoring for the patients in the study

Conclusion
Real-time monitoring of patient surface and beam control during the whole treatment session accounts 
for higher in-vivo dosimetry gamma rates obtained using SGRT. This highlights an increase in treatment 
accuracy.

Conclusion
Real-time monitoring of patient surface and beam control during the whole treatment session 
accounts for higher in-vivo dosimetry gamma rates obtained using SGRT. This highlights an 
increase in treatment accuracy.

On line adaptive ??



Ex 4: Intrafraction motion

IGRT image shows good agreement with 
CT simulation

Breast iVD shows poorer and poorer agreement 
within the session 

GPR = 84%

GPR = 52%

GPR = 46%



Ex 5: Respiratory movement

Action : transit iVD next 
session



Ex 5: Respiratory movement

Action : plan with breath 
control



Ex 5: Respiratory movement

Following fractions...

Plan with breath control



Ex 6: Patient anatomy

CBC
T

Plan 
CT

Thorax
Atelectasis 



Conclusions



Take-home messages

We have the data to assess whether a patient would benefit from replanning/adapting

BUT, the information has to be processed to be appropiate for those assessments (deformable registration / structure 
deformation/ syntetic CT generator/ Dose calculation/ Dose accumulation)

Automation is needed to be able to detect patients that would benefit from replanning/adapting.



Take-home messages

In vivo dosimetry allows to flag treatments that could benefit from an adaptive strategy without adding any 
extra-dose due to CBCT

Our in vivo procedures are a safety network as we detect patient variations before the RO goes through off line 
review.

Experience with EPID-based in vivo verification of advanced treatments shows that medical physicists are much more 
involved in assuring the quality of the actual patient treatment than when only performing a pre-treatment dose 
verification measurement 

In Memoria to Ben Mijnheer

He had a pivotal role in medical physics in Europe and a true pioneer in in vivo dosimetry and EPID-based IVD in particular


