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Background 

Ideal world: 100% of radiation dose to PTV and 0% to OARS!



Background 

2D-RT 3D-CRT VMAT SBRT

Significant improvement in RT techniques! 

Is that enough? 



Background

Main reasons: 
• Mispositionning
• Organ motion 
• Change of shape  

Is correction always possible with image-guidance???



Background 

• Anatomical changes during the course of cancer treatment

PTV

GTV

• cT4N2M0 NSCLC
• RT: 24 x 2.75Gy
• Initial atelectasis of 

left lung
• CBCT of week 3 

High risk of tumor undercoverage! 



Background

• Tumor shrinkage during the course of cancer treatment

PTV

GTV

• cT4N2M0 NSCLC
• RT: 17 x 3Gy
• CBCT of week 3 

High risk of lung toxicity! 



Adaptive Radiotherapy (definition) 

Changing the RT plan (re-
planning) in reaction to 

geometrical/anatomical changes 
in the patient!



Adaptive Radiotherapy  

Planning-CT RT Plan Dose Delivery

Online Adaptive 
Workflow

Offline Adaptive Workflow



Adaptive Radiotherapy (offline) 

Daily CBCT evaluation of anatomical changes and re-planning when 
necessary!



Adaptive Radiotherapy (offline) 



Adaptive Radiotherapy (online) 

Acquisition of 
planning-CT 

scan

Fusion of 
planning-CT and 

diagnostic images

Target and OAR 
delineation 

Creation of 
reference 

treatment plan 

Acquisition of 
daily CBCT

Check/adjust the 
contours for 
influencers 

Check/adjust the 
contours for target 

volumes 

Compare 
scheduled with 
adaptive plan 

Plan selection 
(mostly the 
adaptive)

Online QA for 
adaptive plan 

(Mobius)

CBCT and shift 
before dose 

delivery

Dose delivery

Repeat every day
(20-25min)



19.07.2021 Go-live
1st patient with esophageal 

cancer (IGRT)

IGRT: Esophageal cancer, rectal 
cancer, anal cancer, prostate cancer, 

palliative RT
10.01.2022 Go-live

1st patient with esophageal 
cancer (ART)

Adaptive Radiotherapy (Inselspital)



Ethos vs. Truebeam



ETHOS: Limitations

• Electron plans: e.g. superficial tumors, Mamma boost

• IGRT plans: Where 6DOF couch is required (H&N, stereotactic 
radiotherapy)

• 3D (non-modulated) plans

• Gating

• Large volumes in longitudinal direction

• Situations where non-coplanar beam directions are beneficial (e.g. 
intracranial, radiosurgery)

• Situations where higher photon energies are beneficial (large patients)

• Presence of implants: Truebeam workflow maybe more efficient



Adaptive Radiotherapy 

ART: Resources, Time, Expertise!



Adaptive Radiotherapy 

Reference CT image Daily CBCT image (RTT)

Deformation
matrix

Synthetic CT image

Contouring of «influencers» (RTT 
& MD)

Target propagation (automatic) & 
manual adaptation (MD)

Dose calculation

Scheduled vs. Adapted plan

Daily QA (Physics)

2nd CBCT & delivery



Adaptive Radiotherapy 



Adaptive Radiotherapy 

What could be the 
clinical benefit to 
personalize the 
treatment with 

ART?

Hypothesis: Potential Benefits 



Experiences at Inselspital: 
Esophageal Cancer



Esophageal cancer: Large volumes   

UPPER ESOPHAGUS LOWER ESOPHAGUS



Esophageal cancer: OARs 

Could we improve something as 
radiation oncologists?  



Esophageal cancer: RT techniques 

Radiotherapy technique matters! 



Esophageal cancer: Motion management 
1/3 Brachytherapy 3/3 Brachytherapy

The motion could not be 
corrected in IGRT mode!



Esophageal cancer: Adaptive RT 



Esophageal cancer (Inselspital) 

• First 10 patients receiving oART 

• Prescription dose 50.4 Gy in 28 fractions 

• Same margin concept as in non-adaptive situation

• 280 fractions

• 560 manual plan reviews (adaptive vs. scheduled)

• mean heart dose, lung V20Gy , minimal (=D99%) and coverage 

(=D95%) CTV & PTV dose

• Duration time of each oART workflow step



Esophageal cancer: Adaptive RT (Inselspital) 

• 28 min = median time for whole session
(range 14.8 – 43.3min)

• 59% CTV adaptation by MD necessary
after automatic propagation

• 99% adapted treatment plan selected
2nd CBCT & Delivery (5.2 

min)

1st CBCT, influencer 
contouring (10 min)

CTV adaptation, plan 
review and QA …

Whole oART session (28 min)



Esophageal cancer: Adaptive RT (Inselspital) 

16.8

13.6

18.5

15.9

Heart mean dose [Gy] Lung V20Gy [%]

Adapted plan Scheduled plan

- 9%

- 15%



Esophageal cancer: Adaptive RT (Inselspital) 

98.2
98.9

94.1

97.3

93.4

97.8

79.7

92.4

75.0

80.0

85.0

90.0

95.0

100.0

CTVmin (D99%) CTVcov (D95%) PTVmin (D99%) PTVcov (D95%)

Adapted plan Scheduled plan

+ 5%
+ 1%

+ 18%

+ 5%

[%]



Esophageal cancer: Adaptive RT (Inselspital) 



Esophageal cancer (Adaptive RT) 

30

Scheduled plan

Adapted plan



Esophageal cancer (Adaptive RT) 

• 47yr old female patient with GEJ-cancer (T3, N0)  

Scheduled Adaptive  



Esophageal cancer: Margin reduction



Experiences at Inselspital: 
SBRT for adrenal metastases



SBRT/ART for adrenal metastasis 

• PTV size > 3cm 

• 4D PL-CT

• ITV

• 5-7 fractions

• >10 patients 



SBRT/ART for pancreatic cancer 

• PTV size > 3cm 

• 4D PL-CT

• ITV

• 5-7 fractions

• 2 patients 



ART: Challenges and future perspective

• Time, resources and expertise 

• CBCT quality 

• Organ motion management (DIBH, identifier?)

• Data mining from Ethos 

• ART for all tumor sites? 

• Oncological outcomes?



Thank you for your attention!
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