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Liver Cancer RTLiver Cancer RT

• Hepatobiliary cancer: #2 cause of global cancer death
• Colorectal ca liver metastases: 170 000  cases/ yr/ US

• Surgery associated with 25-60 % 5 year survival
– < 15 % of patients are resectable

• Ablative therapies not successful in tumors > 5 cm & 
tumors proximal to large vessels

• RT should improve outcomes in patients not suitable for 
other local therapies



University of Michigan University of Michigan –– Dose effectDose effect

Ben Josef E. et al, JCO, 2005 
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Liver Radiation Tolerance



Dose (Gy)

0.0

0.2

0.4

0.6

1.0

40 60 80 100

0.8

V
ol

um
e

Dose(Gy)

0

0.2

0.4

0.6

1.0

40 60 80 100

0.8

Li
ve

r 
V

ol
. I

rr
ad

ia
te

d

0 0

0 2

0 4

0 6

10

40 60 80 100

0 8

.

.

.

.

.

.

} 80% C.I.

Dose (Gy) 
1.5 Gy/# bid with HA FUdR

Dose  
1.5 Gy/# bid with HA FUdR

E
ffe

ct
iv

e 
Li

ve
r 

V
ol

um
e 

 
Ir

ra
di

at
ed

} 80% C.I.

5% NTCP Liver Metastases

0 0

0 2

0 4

0 6

10

40 Gy 60 Gy 80 Gy 100 Gy

0 8

Dawson LA et al. Int J Radiat Oncol Biol Phys. 2002

Liver Radiation Tolerance

Dose 
escalation 
with IGRT



IGRT to avoid bowelIGRT to avoid bowel

• PTV close to serially functioning normal 
tissues

PTV 

Prescription dose



Fraction 1 Fraction 2 Fraction 3 Fraction 4

1 cm

Exhale
Inhale

Baseline variability day-to-day seen on kV  
fluoroscopy pre-RT

Variability in Breathing MotionVariability in Breathing Motion

Moseley, ASTRO 2006



Liver Immobilization with ABC Breath HoldLiver Immobilization with ABC Breath Hold

No. Intra-fract. Inter-fract.

Images Reprod. (s) Reprod. (s)

Michigan 262 2.5 mm 4.4 mm
Toronto 257 1.5 mm 3.4 mm

• Daily on-line IGRT required to maximally  
reduce PTV margins

Dawson LA. IJROBP 2001
Eccles C, IJROBP, 2006



Rationale for (soft tissue) IGRTRationale for (soft tissue) IGRT

• Largest clinical gain

– Tumors with a liver Veff of 20% - 50%
– Tumors near stomach and bowel

• Baseline changes in liver day-to-day:
– Free breathing 

– Breath hold
• Liver position not well correlated with bones

• IGRT is QA for high precision RT



Liver Cancer Soft Tissue IGRT Methods

• MV imaging with soft tissue surrogates 
(diaphragm or fiducial markers)

• kV fluoroscopy +/- fiducial markers

• Ultrasound

• CT on rails 

• kV / MV CBCT



Liver Cancer IGRT Liver Cancer IGRT -- PMHPMH

• MV, kV orthogonal imaging
– Diaphragm, exhale – CC positioning
– Vertebral body – ML and AP positioning

• kV CBCT - liver and/or liver tumor for 3D guidance
• Real time MV BEV images

MV imaging kV fluoroscopy                  kV CBCT



MV Orthogonal Image Alignment

DRR-exhale MV Portal Image

Diaphragm  
used for CC 
alignment

Vertebral bodies 
used for AP,ML 
alignment

Sig. reduction in 
systematic and 
random setup 
errors

AP

Lat

+ +

+ +

Dawson, IJROBP, 2005



MV Real Time ImagingMV Real Time Imaging

• 47 MV BEV movies from treatment fields including 
air-diaphragm interface

• CC offset in diaphragm position
– Standard deviation, s 2.7 mm
– Average absolute error 1.9 mm

BEV DRR          BEV PI

Dawson, IJROBP, 2005



kV Orthogonal FluoroscopykV Orthogonal Fluoroscopy

• Confirmation of liver stability and reproducibility 
for breath hold patients, immediately prior to RT



kV Orthogonal ImagingkV Orthogonal Imaging
• Confirmation of amplitude of liver motion and 

alignment to exhale position for free breathing 
patients, immediately prior to RT



kV Cone Beam CT

Volumetric reconstruction        kV projections



kV Cone Beam CTkV Cone Beam CT

Free breathing Breath hold 

3 20 sec ABC breath holds 



Free Breathing     Expiration Sorted       Breath holdFree Breathing     Expiration Sorted       Breath hold

325 Projections
120 kVp

2.6mAs/projection

327 Projections 
(4 breath-holds)

120 kVp 
2.6mAs/projection

68 Projections  
(Amplitude sorted <10%)

120 kVp 
2.6mAs/projection

CBCT CBCT –– Reconstruction ComparisonReconstruction Comparison



kV CBCT kV CBCT –– Free breathingFree breathing

Free breathing < 5cm

120 kVp

1.3 mAs/projection

2 minutes

360 degrees

Blurring of diaphragm,

BUT if motion << 5cm,

Liver-liver guidance 
possible

Free Breathing kV CBCT ReconstructionsFree Breathing kV CBCT Reconstructions



Breath Hold kV CBCT Reconstruction Breath Hold kV CBCT Reconstruction 

Coronal Sagittal

120 kVp, 80 mA, 25.6 cm FOV
3 20 second breath holds, “step and shoot” kV projection acquisition









Planning CT kV CBCT 

Benefit of Volumetric Imaging ?Benefit of Volumetric Imaging ?

• 13 patients with liver ca 
treated with breath hold

• Daily orthogonal  
imaging; diaphragm as  
surrogate for tumor

• 3 mm threshold
• kV CBCT acquired 

following repositioning



• Residual liver position based on kV CBCT

Liver offsets  ³ 5 mm seen in 33% of cases

12.010.08.0maximum error

1.9
medial

1.3
post

1.1
sup

systematic error (� )

2.33.02.7random error  (s)

ML
mm

AP
mm

CC
mm

Hawkins, Dawson  et al, IJROBP 2006

Liver position following MV guidanceLiver position following MV guidance



• Residual liver position based on kV CBCT

Liver offsets  ³ 5 mm seen in 33% of cases

12.010.08.0maximum error

1.9
medial

1.3
post

1.1
sup

systematic error (� )

2.33.02.7random error  (s)

ML
mm

AP
mm

CC
mm

3D IGRT > 2D IGRT

Liver position following MV guidanceLiver position following MV guidance

Hawkins, Dawson  et al, IJROBP 2006



• Ave. residual deformation: small

• 4  cases : deformation > 5 mm in CC and ML

Liver position following MV guidanceLiver position following MV guidance

Hawkins, Dawson  et al, IJROBP 2006



• Respiratory sorting of free breathing liver cone 
beam CT feasible

4D cone beam CT4D cone beam CT

Software courtesy of Jan Jakob Sonke, NKI



Liver Cancer Image GuidanceLiver Cancer Image Guidance

• Dose / # Ave. Range
MV imaging 15 cGy 6 - 21  cGy
kV CBCT 1.8 cGy 1.4 - 4.1 cGy

• kV fluoroscopy has replaced MV
– Breathing motion and breath hold reproducibility
– Guidance to diaphragm in exhale 

• Volumetric guidance
– Breath hold:  breath hold CBCT + AP fluoroscopy
– Breathing motion <5mm:  free breathing CBCT
– Breathing motion >5mm: CBCT + AP fluoroscopy 

4D CBCT – research 



Planning CT:  Metastases with calcifications

kV Cone beam CT

Natural Natural fiducialfiducial markersmarkers



Iatrogenic Iatrogenic fiducialfiducial markersmarkers
• TACE:  Trans hepatic arterial chemo-embolization 
Lipiodol contrast stable in tumor for >  1 year



kidney architecture

IV Contrast Cone beam CT IV Contrast Cone beam CT 



kidney architecture      liver vasculature 

IV Contrast Cone beam CT IV Contrast Cone beam CT 



kidney architecture      liver vasculature tumor

IV Contrast Cone beam CT IV Contrast Cone beam CT 



CautionsCautions

• Liver-liver 
alignment led to 
higher spinal 
cord dose, 
requiring replan

Planning CT, with liver, cord and GTV contours

Cone beam CT, with contours from planning CT



ConclusionsConclusions
• Strong rationale for soft tissue IGRT for free 

breathing and breath hold liver cancer patients
• IGRT facilitates safer hypofractionation and the 

application of RT to new sites (e.g. SBRT for 
liver ca)

• Volumetric IGRT makes anatomic change more 
obvious; when is adaptation required?


