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Radiation therapy

e To give high tumor doses one needs to:
» accurately define the tumor
» accurately target the tumor

e Delineation of liver tumors for treatment planning
IS complicated by two issues:

— respiration effects
— lack of visual contrast between the tumor & normal tissue.

* \We have been using 4D-QJ Tteebhmagesscoammedd
with intravenous contrast to improve the accuracy

of tumor contouring during the treatment planning
process.




Defining the tumor:
Contrast dynamics
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Defining the tumor:
Contrast dynamics

Liver will have a higher CT number than tumor
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Normal liver: 75% of blood flow from portal vein
HCC, Mets: Increased arterial blood flow




Contrast Enhancement
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Contrast Enhancement

4D-CT
Without contrast With contrast




Contrast Delay Times

 Depends on the tumor site or organ

o LIver 2D — 50 sec
e Gallbladder 50 sec
 Biliary FHDS\eEC
e HCC 15 — 20 sec

150 ml - 5 mll/lsec




4D-CT
for Liver Tumors




4D-CT — Why do it?

e Respiration causes changes in tumor
position with time

. Average Breathing
Inspiration

Expiration
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Varian Real- time Patient Monitoring
(RPM) System to Track Respiration

CT scanner in cine mode
2 cm couch positions
~ 6 sec/position
0.25 sec interval
maximum of 3000 images




RPM System

10 phases covering one complete breathing cycle




4D-CT Data Acquisition

Acquire image data continuously during
respiration (GE PET/CT Scanner)

Simultaneously acquire respiratory data
(Varian RPM system)

Reconstruct the image data at specific phases
In the respiratory cycle at each couch position
(GE Advantage Workstation)

Combine image data at same phase for all
couch positions




4D-CT with & without Contrast




4D-CT — Tumor Motion




4D-CT Practical Application

* 4D-CT Images used for tumor contouring

— Contrast enhanced

— For non-gest tresss et ttumooT | ss aanrTiturest
over complete breathing cycle

— For respiratory gating, tumor is contoured only
at the end of expiration

* Normal free-dvezdnnuy (B )secamussstiitor
treatment planning

— 4D tumor contours fused with FB images




Expansion of the Tumor Volume




Tumor Motion

 Liver motion is predominantly in the Sl
direction

 Typical observed tumor motion: 1 -2 cm

e Maximum observed tumor motion: 4.5 cm




Intensity Projection

Phase 30




Use of Intensity Projection

* For Lung: use maximum intensity projection
(MIP) to delineate tumors

—Iimage contrast. air —to — tisssiee
—one set of images combined from 4D set

 Abdomen: Gl physicians contour over 10
sets of Images

— cannot use MIP for the liver
—Iimage contrast. tissue —to — tigssee

 Use of other projection schemes currently
under investigation




minlP vs. MIP

MIP: highest density selected
minlIP: lowest density selected
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Conclusions

e 4D-CT accounts for tumor motion due to
respiration

—typically 1-22comnnS$ dtheetborfdorthiediireer

e |V contrast can be used to enhance the
tumor on 4D images

— 4D data used for tumor delineation

—conventional FB scan used for treatment
planning

o Use of intensity-pmgettednmaggs srimmiiP,
AvelP) for contouring and treatment
planning need further study




