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Background

� High precision 
radiation delivery 
techniques available...

Accurate definition of � Accurate definition of 
the tumor volume is 
required:

�l Multi-modal Biological 
Image-guided RT.

�l Adaptive Biological 
Image-Guided RT.

(Daisne et al) 

Pre-R/ CT Per-R/ CT

1. Impact of the imaging modality on 
the GTV delineation?

2. Impact of Adaptive multi-modality 
based RT on the dose distribution?
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Study Design

� 10 patients with stage III-IV pharyngo-laryngeal SCC treated 
by concomitant CT-RT.

Week 1 Week 2 Week 3 Week 4 Week 5 Week 7Week 6Before R/

R/ start

Image acquisitions 

FDG-PETAnatomic imaging

CT MR T2 FS MR T2 FDG-PET

Rigid registration using Mutual Information
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Impact on the GTV : method

� Delineation of GTV:
� Manual delineation of GTVCT and GTVMRI.
� Automatic segmentation of static and dynamic GTVPET

based on a gradient -based method .based on a gradient -based method .

1. Denoising and deblurring of PET 
images using specific tools.

2. Gradient-based segmentation of PET 
images (Watershed transform and 
hierarchical clustering). 

Raw image

Denoised and
deblurred image

“improved” image
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Impact on the GTV : results
Average GTV (cc)

GTV0 Gy GTV14 Gy GTV25 Gy GTV35 Gy GTV45 Gy

CT 40.4 30.7 24.4 18.3 14.5

MRI 38.3 30 19.9 15.2 11.3

FS-MRI 44.4 32.9 23.4 18.6 17

Stat PET 27.1 19.3 15.2 13.1 12.1

Dyn PET 25.4 18.7 14.9 12.9 11.8

GTVCT - GTVMRI
GTVMRI – GTVFS-MRIP=0.009, ANOVA

P=0.18, Student’s t test.

R2=0.96R2=0.90
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Impact on the dose : method (1)
Delineation of Target Volumes (TVs)

Prophylactic TVs Therapeutic TVs

1. Pre-R/ CT or PET-based GTVT

2. Prophylactic CTVT and CTVN

3. PTVT/N = CTVT/N + 4 mm

1. Pre- and Per-R/ GTVCT/PET

2. CTVT = GTVT + 5 mm

3. PTVT = CTVT + 4 mm
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Impact on the dose : method (2)

� Treatment planning:
� Performed on Helical Tomotherapy.
� Use of SIB-IMRT protocol:

� 55.5 Gy (30#, 1.85 Gy/#) to prophylactic PTVs.� 55.5 Gy (30#, 1.85 Gy/#) to prophylactic PTVs.
� 69 Gy (30#, 2.3 Gy/#) to therapeutic PTVs.

� Data analysis:
� Calculation of average metrics:

� mean TVs
� doses to the OARs
� Vx (volume encompassed by the x isodose)

� Comparison of such metrics using ANOVA or t-test.
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Impact on the dose : results

P<0.001
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Impact on the dose : results
Classic CT-based planning Adaptive PET-based plannin g

65.5

62

59

Planning V 10 V50 V80 V90 V95 V100

Classic CT-based 100% 100% 100% 100% 100% 100%

Adaptive CT-based 99% 100% 100% 85% 80% 66%

Classic PET-based 99% 99% 98% 83% 82% 81%

Adaptive PET-based 99% 100% 98% 73% 67% 58%

P<0.001

52.4

40
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Impact on the dose : results

Average Doses (Gy)

Classic 
CT-based

Adaptive 
CT-based

Classic 
PET-based

Adaptive 
PET-based

P value

Spinal corda 40.1 39.8 40.5 39.9 0.43Spinal corda 40.1 39.8 40.5 39.9 0.43

PRV-SCa 46.4 46.1 46.5 46.3 0.53

L parotidb 22.8 22.2 22.2 22 0.12

R parotidb 22.9 22.4 22.3 21.2 0.19

Oral cavityb 23.5 23.5 23.6 23.5 0.92

a Maximum doses

b Mean doses
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General conclusions

Adaptive Multi-modality Image-guided RT, a 
promising approach in HN tumor:

�l Both FDG-PET and per-treatment images allowed a Both FDG-PET and per-treatment images allowed a 
significant decrease of all TVs in comparison with the 
planning CT-Scan.

�l ...that translated into a parallel reduction of the high 
isodose volumes...

�l ...that might possibly lead to dose escalation within the 
tumor, and thus to improve the tumor local control rate. 

�l ...without significant impact on the dose delivered to the 
OARs using high-tech helical Tomotherapy. 
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Practical considerations:

Which imaging-modality ?
� Anatomic imaging modality: CT-Scan = MRI
� Functional imaging modality: Static FDG-PET

When ?
� As early as possible…(noisy images on late acquisitions)
� As frequently as possible…

How ?
� Need of non-rigid registration tools!!!

This is still research...
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