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Anatomical Changes




The Adaptive Replanning Process

Pre-treatment Imaging

Treatment Planning

Di Yan et al. 1997 & 2005

Treatment Delivery

Biological Respons
onitorine



CBCT Image Quality
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Cone Beam CT Image Quality

Traditional CT (Small
Cone Angle) A

Cone-beam CT (Large Cone
Angle)

Primary Photon
= Scattered Photon




Linearity
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Challenges

 How to improve quantitative CBCT

 How to mitigate motion artifacts

 How to iImprove soft tissue contrast
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Impact of Anti-Scatter Grid
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Diagnostic Quality

In Room MRI

Diagnostic Quality CBCT




Better SOft tISSUG Contrast
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Image Registration
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Full deformable registration
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Cubic B-splines, Mutual Information



Challenges

* How to quantify the accuracy

 How accurate Is deformable registration

* How accurate should it be
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Affine

B-splines

Thin-plate splines
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Analysis of variance
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Deformable registration classes
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« Descriptive: it must look good
* e.g. contour propagation

correct, also inside homogeneous organ

* Quantitative: it must be an anatomically =S
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[16=2~
e e.g. dose accumulation



Kristy Brock / PMH

Modeling Volume Reduction
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Modeling Volume Reduction |

Dosimetric Effect
Homogeneous
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Dose Accumulation
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Dose accumulation

planned
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Challenges

 How to Incorporate registration and other
uncertainties

e How to define threshold for intervention

* |s there Iindication that accumulated dose

has clinical relevance
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Dose accumulation during treatment

Accumulated dose for OARs during treatment
>>difference with PO
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threshold on CTV coverage loss (Gy,ADgg% )

Thresholds for intervention

ROC analysis - thresholds for H&N adaptive intervention
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Kristy Brock / UM

Improved Correlation with Outcomes

» O3 patients, 172 liver metastases

 Delivered doses to GTV calculated using
dose accumulation, deformable image
registration of daily CBCTs

* Greater local recurrence risk reduction with
accumulated min GTV dose vs. planned
min PTV dose

—Hazard ratio: 0.45 vs 0.55 for each 10Gy
Increase In dose

Swaminath, Velec, Brock, Dawson,...CARO 2011



Tumor Regression
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Tumor regression over the

course of treatment

Original §cans] Fused scans Linked scans Igrthogonal view] Render viewl

June 28

| ]View according to scan 1 S JWENHOEK



Challenges

« Can we safely adapt to regressing tumors

« Can we accurately register regressing
tumors
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Results: Example marker displacement

GTV on MRI Pre treatment Marker position:
= GTV on MRI Week 3 =y Fraction 1
GTV on MRI Week 6 ey Fraction 35



Results: Average in 6 patients

W1-3 W1-6

Average marker displacement (cm) 0.27 0.24
Average surface displacement (cm) 0.37 0.75
% GTV reduction captured by markers  75% 31%

MRI GTV pre treatment
= MRI GTV week 3
@ O MRI GTV week 6
O Average marker position wl
O Average marker position w3
@ Average marker position w6




Tissue-to-Tissue Correspondence?
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Plan Adaptation
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Time needed for H&N treatment plan

1. Import scan/delineate OARs 80 min
2. Beam setup/objectives (scripts) 20 min
3. Optimize 200 min
4. Export Pinnacle/import Mosaiq 50 min
5. Check plan 30 min

Total ~ 7 hour
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Challenges

* Workload of adaptive planning too high for
large scale implementation

* How to automate planning

« How to reduce workload
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Automatic optimization

15t round, only objectives on: PTV’s, Brainstem, Spinal

cord, Ext-PTV+5

systematically lower other objectives with 1Gy/round
compared to obtained value (if penalty = 0)
Prescribe to Vg5,,=99% in each round

Repeat until all objectives create relevant cost

Get objectives &

cost

Objectives

Determine new
objectives

Python

T Pinnacle
|
|
|

Pinnacle
Optimization

Pinnacle

Objectives Set objectives

: Pinnacle
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Automatic optimization: example

Clinical plan Automatically optimized plan
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Autoplanner Prostate

10 clinical and automatically generated
plans

« Evaluated by clinicians and dosimetrists
» Autoplan optimization: 30 minutes

 All automatic plans were clinically
acceptable

* Clinicians prefered autoplan in 65%,
dosimetrists 50%



Temporal Scales of Intervention

5
NETHERLANDS &
CANCER [~

INSTITUTE L™=
ANMTONI VAN LEELUWENHOEK

Modified from David Jaffray



Adaptive Sequencing

Dose optimization

————

Current dose Segment dose Segmentation

——

Calculate delivered dose

\

Subtract dose
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Response Assessment
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Response Monitoring in NSCLC

Patients
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Challenges

 How to quantify response

* Has It prognostic value

* Has it predictive value
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During-RT NSUV vs Survival

P=0.09 P=0.03
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NSUV During-RT > 3.0 NSUV During-RT 2 3.0

10 20 30 40 50

Local Progression Free Survival Time (Months) Survival Time (Months)

Local Progression Free Survival Overall Survival

NSUV=SUVmax of tumor/SUVmean of aortic arch
Kong et al, ASTRO, 2009



RTOG 1106
During-RT PET to Guide Adaptive RT

45 Gy during-RT

Experimental arm:

21x2.2Gy + re-PET/CT after 18 fr, replan for 9x2.2-
3.8Gy up to a MLD of 20Gy, >=50Gy to original PTV



Applications — dose painting W
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Tumor Regression and Response
Assesment

T2 pretreatment T2 mid-treatment Deformed T2 midtreatment




IGRT versus uIGRT
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Main Challenges

In room image quality

Deformable image registration
accuracy

Dose accumulation and interpretation
Rapid plan adaptation
Response monitoring and adaptation.
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