
D o s i m e t r i c i m p a c t o f a n a t o m i c c h a n g e s d u e t o p a t i e n t w e i g h t l o s s o n
T o m o T h e r a p y p l a n

M e g a v o l t a g e c o m p u t e d t o m o g r a p h y ( M V C T ) u s i n g a h e l i c a l t o m o t h e r a p y m a c h i n e ,
H i - A R T I I ( T o m o T h e r a p y , M a d i s o n , W I ) , h a s b e e n a c q u i r i n g f o r r o u t i n e p a t i e n t
p o s i t i o n i n g b e f o r e r a d i a t i o n t r e a t m e n t a t o u r i n s t i t u t i o n . U s i n g t h e M V C T i m a g e s
a s w e l l a s T o m o t h e r a p y a d a p t i v e p l a n n i n g s y s t e m , w e i n v e s t i g a t e d t h e d o s i m e t r i c
i m p a c t o f a n a t o m i c c h a n g e s i n t o c r i t i c a l o r g a n s c a u s e d b y l o s i n g p a t i e n t b o d y
w e i g h t o n T o m o t h e r a p y p l a n n i n g s y s t e m u s e d i n i n t e n s i t y - m o d u l a t e d r a d i a t i o n
t h e r a p y ( I M R T ) o f h e a d - n e c k c a n c e r s .

F i g . 1 . T o p r o w : M V C T i m a g e s o f C h e e s e p h a n t o m w i t h ( a ) 1 . 5 c m b o l u s , ( b ) 0 . 5 c m
b o l u s , a n d ( c ) n o b o l u s ; b o t t o m r o w : D V H s f r o m i n i t i a l p l a n a s w e l l a s a d a p t i v e
p l a n ( P l a n _ 0 2 i n T a b l e 1 ) . C h e e s e p h a n t o m w r a p p e d w i t h 1 . 5 c m b o l u s w a s s c a n n e d
f o r p l a n n i n g w i t h M V C T t o m i n i m i z e t h e d o s i m e t r i c u n c e r t a i n t i e s c a u s e d b y u s i n g
d i f f e r e n t i m a g e s ( k V C T v s . M V C T ) . F o u r d i f f e r e n t p l a n s w i t h f r a c t i o n s i z e o f 2 G y
w e r e c r e a t e d w i t h t a r g e t s l o c a t i n g a r o u n d t h e a n t e r i o r / l a t e r a l a r e a s o f t h e p h a n t o m
w i t h d i f f e r e n t s i z e s . C r i t i c a l o r g a n s w e r e c o n t o u r e d f o r s i m u l a t i n g s p i n a l
c o r d / b r a i n s t e m l o c a t e d i n t h e m i d d l e o f t h e p a t i e n t a n a t o m y . P h a n t o m p l a n s w e r e
d e l i v e r e d w i t h H i - A r t T o m o t h e r a p y m a c h i n e w i t h 1 . 5 c m b o l u s t o s i m u l a t e n o w e i g h t
l o s s c o n d i t i o n . S e c o n d l y , 1 c m - b o l u s w a s t a k e n o u t a n d t h e n b e a m w a s d e l i v e r e d t o
s i m u l a t e w e i g h t l o s s . F i n a l l y , a d d i t i o n a l 0 . 5 c m b o l u s w a s t a k e n o u t a n d t h e n b e a m
w a s d e l i v e r e d . D o s e d i s t r i b u t i o n s w e r e m e a s u r e d w i t h A 1 S L i o n c h a m b e r s l o c a t e d i n
t h e m i d d l e o f t a r g e t s / c r i t i c a l o r g a n s a n d E D R 2 f i l m s f o r i n d i v i d u a l c a s e . I m a g e
f u s i o n s o f p l a n n i n g i m a g e s w i t h 1 . 5 c m b o l u s , 1 c m b o l u s , a n d n o b o l u s M V C T i m a g e s
w e r e p e r f o r m e d a n d t h e n d o s e t o t a r g e t s a n d c r i t i c a l o r g a n s w e r e r e c o m p u t e d w i t h
t h e T o m o t h e r a p y a d a p t i v e p l a n n i n g s o f t w a r e . I n a d d i t i o n , t h e Q A p l a n s o f t h r e e
h e a d - n e c k c l i n i c a l Q A p l a n s w e r e d e l i v e r e d w i t h 1 . 5 c m b o l u s , 1 c m b o l u s , a n d n o
b o l u s , r e s p e c t i v e l y a n d d o s e d i s t r i b u t i o n s a r o u n d t h e s p i n a l c o r d r e g i o n w e r e
m e a s u r e d w i t h E D R 2 f i l m s .
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T a b l e 1 . D o s e s t o t a r g e t a n d t o c r i t i c a l o r g a n m e a s u r e d / c a l c u l a t e d w i t h 1 . 5 c m
b o l u s , 1 c m b o l u s , a n d n o b o l u s M V C T c a s e s . A l t h o u g h t h e r e w a s g o o d a g r e e m e n t
b e t w e e n c h a m b e r m e a s u r e m e n t s a n d a d a p t i v e p l a n n i n g r e s u l t s , t h e r e w a s
u n c e r t a i n t y i n d o s e t o c r i t i c a l o r g a n d u e t o l o w d o s e r e g i o n s . M e a n r a t i o s o f
d o s e b e t w e e n 1 . 5 c m b o l u s a n d 1 c m b o l u s w a s 1 . 0 6 ± 0 . 0 1 ( t a r g e t ) a n d
1 . 0 4 ± 0 . 0 2 ( c r i t i c a l o r g a n ) f o r m e a s u r e m e n t s a n d 1 . 0 5 ± 0 . 0 2 ( t a r g e t ) a n d
1 . 0 2 ± 0 . 0 1 ( c r i t i c a l o r g a n ) f o r a d a p t i v e p l a n n i n g . M e a n r a t i o s o f d o s e b e t w e e n
1 . 5 c m b o l u s a n d n o - b o l u s w a s 1 . 0 9 ± 0 . 0 2 ( t a r g e t ) a n d 1 . 0 4 ± 0 . 0 1 ( c r i t i c a l o r g a n )
f o r m e a s u r e m e n t s a n d 1 . 0 7 ± 0 . 0 2 ( t a r g e t ) a n d 1 . 0 5 ± 0 . 0 2 ( c r i t i c a l o r g a n ) f o r
a d a p t i v e p l a n n i n g , d e m o n s t r a t i n g t h a t d o s e t o c r i t i c a l o r g a n w a s i n c r e a s e d b u t i n
s l i g h t l y l o w e r t h a n t a r g e t r e g i o n s .

F i g . 2 . L a t e r a l d o s e
d i s t r i b u t i o n s o f a c l i n i c a l
Q A p l a n d e l i v e r e d w i t h
1 . 5 c m b o l u s , 1 c m b o l u s ,
a n d n o b o l u s , r e s p e c t i v e l y .
C o n t o u r s o f s p i n a l c o r d
r a t h e r t h a n t a r g e t s w e r e
l o c a t e d i n t h e m i d d l e o f
p h a n t o m a n d E D R 2 f i l m w a s
p l a c e d o n t h e c o r o n a l p l a n e
a r o u n d t h e s p i n a l c o r d
r e g i o n . A s t h e t h i c k n e s s o f
b o l u s d e c r e a s e d , d o s e r a t i o
w i t h r e s p e c t t o 1 . 5 c m b o l u s
c a s e i n c r e a s e d i n t a r g e t a s
w e l l a s c r i t i c a l o r g a n
r e g i o n s . T h r e e c l i n i c a l Q A
p l a n s s h o w e d s i m i l a r t r e n d s
i n d o s e t o c r i t i c a l o r g a n s
w i t h d e c r e a s i n g b o l u s
t h i c k n e s s .

Plan_01 Target ROI 1
ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord)

1.5 cm bolus 2.00 0.38 0.39 1.00 1.00 1.00 2.02 0.37 0.39 1.00 1.00 1.00
1 cm bolus 2.13 0.40 0.41 1.07 1.05 1.06 2.15 0.38 0.4 1.06 1.03 1.03
no bolus 2.19 0.39 0.40 1.09 1.03 1.03 2.18 0.39 0.41 1.08 1.05 1.05

Plan_02 Target ROI 1
ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord)

1.5 cm bolus 2.02 0.27 0.32 1.00 1.00 1.00 2.03 0.26 0.31 1.00 1.00 1.00
1 cm bolus 2.13 0.28 0.33 1.05 1.01 1.02 2.13 0.26 0.32 1.05 1.00 1.03
no bolus 2.18 0.28 0.33 1.08 1.02 1.03 2.18 0.26 0.33 1.07 1.00 1.06

Plan_03 Target ROI 1
ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord) Target ROI 1

ROI 2
(cord)

1.5 cm bolus 1.59 0.34 0.65 1.00 1.00 1.00 1.59 0.36 0.64 1.00 1.00 1.00
1 cm bolus 1.68 0.34 0.67 1.05 1.01 1.04 1.63 0.36 0.65 1.03 1.00 1.02
no bolus 1.77 0.37 0.68 1.11 1.08 1.05 1.67 0.36 0.66 1.05 1.00 1.03

Plan_04 ROI 1 ROI 2
ROI 3
(cord) ROI 1 ROI 2

ROI 3
(cord) ROI 1 ROI 2

ROI 3
(cord) ROI 1 ROI 2

ROI 3
(cord)

1.5 cm bolus 0.36 2.14 0.61 1.00 1.00 1.00 0.33 2.03 0.59 1.00 1.00 1.00
1 cm bolus 0.36 2.24 0.64 1.00 1.05 1.05 0.33 2.12 0.59 1.00 1.04 1.00
no bolus 0.35 2.28 0.66 0.99 1.07 1.07 0.33 2.17 0.63 1.00 1.07 1.07
Nore: *1 = ratio of dose with respect to 1.5 cm bolus case
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Ion chamber measurement Adaptive planning system

Dose Ratio*1 Dose Ratio*1
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Dose : 1.5 cm Bolus

Ratio : 0.5 cm Bolus

Ratio : No Bolus


