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ÅMusculoskeletal (articulation / 

swallowing)

ÅMotion (breathing, peristalsis, 

heartbeat)

ÅDisease progression / response

Å Primary

Å Secondary (pleural effusion)

ÅOther ïimmobilization / applicator

Anatomical Variability - Sources
Collapsed Lung

Tumor Growth / Response

Organ motion

Multifactorial ïbreathing and response



ÅRigid / non-rigid

ÅTime scale

ÅPattern

ÅMagnitude

ÅAffected tissues

Anatomical Variability - Considerations
Collapsed Lung Organ motion

Multifactorial ïbreathing and response

Tumor Growth / Response



Anatomical Variability during RT

Geometric variability => target 

volume size

Geometric variability => uncertainty 

in normal tissue dose

Higher precision => less toxicity, 

better local control

Better estimates of delivered dose 

=> better outcome models



Adaptive Radiation Therapy

Imaging Planning Treatment
Assessment 

(Imaging)

Assessment 

(Imaging)

Quantify geometric variability

Correct what we can at time of treatment

Adapt the treatment plan to changes during therapy



Enabling Technologies for Adaptive RT

Onboard Imaging Decision Making

Replanning



ÅOffline

ÅOnline

ÅRealtime

Timescales of Adaptive RT



Timescales of Adaptive RT - Offline

Treatments continue while adaptive process performed outside of 

treatment space

Green Sem Rad Onc 2019



Timescales of Adaptive RT - Online

Adaptive process performed while patient is on the treatment 

table, immediately prior to treatment

Green Sem Rad Onc 2019



Timescales of Adaptive RT - Realtime

Adaptive process performed while patient is on the treatment table, 

continually during treatment

Keall Radioth Oncol 2018



Offline

ÅEconomical

ÅManages slow or 

singular changes

ÅCan use diagnostic 

images

ÅCanôt manage daily 

change

ÅTypically more 

manual

Timescales of Adaptive RT

Online

ÅSemi-automated 

toolset

ÅTypically single 

integrated system

ÅMost variabilities

ÅRisk of anatomical 

changes during / after 

replan

ÅAdditional QA burden

ÅRequires intrafraction 

motion management

Realtime

ÅMost responsive to 

high frequency 

changes

ÅMost direct, no need 

to model / manage 

other sources

ÅRequires most 

automation

ÅLess commercial 

availability

ÅHighest QA burden



Clinical Trials ïAdaptive RT

NSCLC ïTvilum Acta Oncol 2015

Bladder Cancer ïHybrid Online/Offline ïMeijer Radiother Oncol 2012

Cervical Cancer / IGABT

EMBRACE-II

Seppenwoolde Radiother Oncol 2019 




