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OVERVIEW
▪ Is there a need for adaptation?
– Clinical rationale

– Head and neck

– Lung

▪ The workflow

▪ The uncertainties
– Deformable registration (DIR)

▪ Cost / benefit

▪ How do we do it?



GENERAL INFORMATION
▪ Important role in cancer management

▪ Improvement is impeded by variability 

–Dosimetric variation by daily set up error 

–Radiation beam placement error

–Changes of patient anatomical position, shape, and 
volume (weight loss, tumor response)

–Biological variation throughout the treatment (the 
information from the PET images)



ADAPTIVE RADIOTHERAPY
▪ Feedback control strategy to include patient-specific 

treatment variation in the control of treatment planning 
and delivering during the treatment course

▪ To cope with treatment variation 

▪ Increase of radiation dose delivery accuracy

▪ Potential improvement in radiotherapy efficacy after 
patient-specific biological changes
–To date limited to target position or OAR correction alone

Yan et al, 2010



EVOLUTION OF ADAPTATION
▪ Basic

– Simple replan to respond to the change within the patient

▪ New treatment plan using the same clinical criteria

▪ Ad hoc

▪ No information about the delivered dose, the toxicity rates, and the 
benefit of adaptation

▪ Using the clinical resources for non documented (and probably well
understood) benefits

▪ Subjective

Brook et al, 2019



EVOLUTION OF ADAPTATION
▪ Increase of technology

▪ Volumetric imaging and auto segmentation (deformable 
registration)

▪ Enables the daily dose calculated

▪ The decision of adaptation based on dosimetry not 
geometry

▪ Outcomes according to the TCP and NTCP
Brook et al, 2019



EVOLUTION OF ADAPTATION
▪ Additional evaluation of functional changes of the 

patient

▪ Online replanning

▪ Computational advances; artificial intelligence (AI)

▪ Advanced in-room imaging; MR-guided delivery

▪ The increasing amount of data acquired on clinical 
trials Brook et al, 2019



ARTIFICIAL INTELLIGENCE (AI)
▪ To decrease the workload
– Contouring

– Registration

– Planning

–Quality assurance (QA)

– Decision-making

▪ Objective

▪ Time consuming

▪ To change impossible into probable



CLINICAL PRACTICE - RATIONALE
▪ Clinical implementation is complex

▪ Requires fundamental shift of the infrastructure

▪ No level I evidence to prove the benefit

▪ No international guidelines

▪ Clinical data
– Head-and-neck cancer

– Lung cancer

– Cervical cancer

– Liver cancer

– Bladder cancer

– Prostate cancer



ART IN HEAD AND NECK CANCER
▪ Standard of care in organ sparing treatment

▪ 7-week period

▪ Major anatomical changes (weight loss, parotid / tumor 
shrinkage)

▪ Under / over dosage of target and OAR

▪ With the advent of 3D serial imaging 

▪ Customized planning throughout the treatment

▪ Daily set-up accuracy
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ART IN HEAD AND NECK CANCER
▪ Majority willing to increase the use of ART in head and neck

– To improve clinical outcome

– Improve productivity

– Improve therapeutic ratio

▪ Barriers:

– The lack of equipment

– Lack of training

– Lack of tools / support

– Resource heavy

– Time consuming

Krishnatry R et al, 2018



ART IN LUNG CANCER

▪ Chemoradiation to 60-70 Gy in locally advanced disease

▪ 6-7 week period

▪ The addition of immunotherapy increases survival

▪ No room for dose escalation

▪ 30-35% local recurrence

▪ Lung and heart toxicity effects survival



ART IN LUNG CANCER

▪ Midtreatment anatomical changes (tumor regression, 
tumor displacement, pleural effusion, and/or atelectasis)

▪ Limited consensus

▪ 3 philosophy:

–Maintain prescribed dose to the initially defined target volume

– Dose reduction to healthy organs while maintaining initial 
prescribed dose to a regressing tumor volume

– Dose escalation to a regressing tumor volume with isotoxicity to 
healthy organs. 



ART IN LUNG CANCER

▪ 125 patient – 20% ART

▪ 3-4th week

▪ Daily CBCT

▪ Dose to PTV and OAR



ART IN LUNG CANCER

OAR Constraints IMRTIn IMRTProj IMRTADAPT

IMRTIn vs. 

IMRTProj

IMRTProj

vs. 

IMRTADAPT

Lung

V5 (cc) 50 54 40 0.01 0.003

V20 (cc) 24 28 20 <0.001 <0.001

DMLD (cGy) 1429.45 1680.66 1167.59 <0.001 <0.001

Heart
V20 (%) 22.37 19.6 13.42 0.166 0.024

V60 (%) 4.03 3.68 1.48 0.751 0.012

Spinal Cord DMAX (cGy) 4056.06 4527.32 3778.32 0.025 0.007

Esophagus

DMLD (cGy) 2763.77 2994.32 2290.99 0.076 <0.001

V40 (%) 35.12 38.07 27.24 0.146 0.006

DMAX (cGy) 6681052 6836.35 6815.68 0.009 0.927

Body DMAX (%) 110.57 114.5 109.76 <0.001 0.001



CLINICAL CHALLENGES FOR LUNG ART

▪ When to adapt?

–AI

–At least weekly 3D imaging

–Mid treatment

–3-4th week (80%)

▪ How to adapt?

–Which philosophy?



KEY TECHNOLOGIES FOR PRACTICAL WORKFLOW

▪ 3D imaging

▪ Assessment (manual evaluation to highly 
automated review of cumulative dose)

▪ Replanning (standard planning for offline –
time!!!)

▪ QA



THE UNCERTAINTIES

▪ Deformable registration (DIR)

–Commissioning

▪ Auto-segmentation

▪ Dose accumulation



HOW DO WE DO IT?

▪ Full neck radiotherapy, head and neck cancer

▪ Radixact® System

▪ 10/2018

▪ Ongoing adaptive workflow for linac
treatments

▪ PreciseART® since mid 2019



HOW DO WE DO IT?
▪ All patients are potential for adaptation

▪ Enroll to PreciseART® during plan approval

▪ Template (OAR and PTV)

▪ Dedicated IGRT dosimetrist from the second week 

–2 days a week

▪ PreciseART® software check
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HOW DO WE DO IT?

▪DIR

▪Auto segmentation

▪Set up



SUMMARY…

▪ Adaptive is in the frame

▪ More technological evolution

▪ Workload – time 

▪ Selected patients

▪ Data!!!


