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Objectives

• Radiation therapy in Liver tumors

• Challenges of Radiation and SBRT for liver tumors

• Significance of Image guidance in treatment of liver tumors

• Importance of motion management

• Role of Adaptation to improve outcomes

• Future Directions



Fundamental Principles

• Surgery is the primary curative treatment for 

Cancer

• Systemic therapy is essential component in the 

multimodality management of cancer

• Radiation therapy is more about protecting normal 

tissue than treating cancer
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A. Surgical resection

B. Ablation

Cryotherapy

Radiofrequency ablation

Laser interstitial thermal therapy (LITT)

Microwave coagulation therapy

C. Chemotherapy

Intra-arterial

Systemic

Chemoembolisation

D. Radiotherapy

Stereotactic body radiation 

Selective interstitial radiation therapy  

E. Liver transplantation

Treatment Options – Hepatocellular 
carcinoma









SBRT for Hepatocellular Carcinoma

• Tumor control is good for small tumors with 

adequate dose

• RFA control rates are poor for intermediate (3-7cm) 

and large( >7cm) lesions

– Can combination Therapy (RFA+SBRT) work

• TACE is poor for Large and multiple lesions

– Can addition of SBRT help 



Cholangiocarcinoma



Intrahepatic Cholangiocarcinoma 
Morphological Types









Median PFS  13m



16



17

General Radiation Therapy Workflow

Patient Set UP
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Treatment Set Up
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Treatment Set Up
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Surface Guided Radiation Therapy
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Respiratory Motion 
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Structures Change During Treatment
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Liver Deformation
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Image Guided Radiation Therapy
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IGRT Techniques
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IGRT
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Cross Sectional Image Guidance



28

Imaging Modalities
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IGRT Techniques



IGRT Liver Issues

• Liver tumors are difficult to visualize

• Tumors significantly move in 3 planes in addition to Hysteresis

• Tumors and OARs change during course of treatment

• Tumor and  motion is independent of bone and bowel motion

• Changes in stomach and bowel filling shifts target volumes and organs at risk
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Respiratory Movement
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Interfraction Shift in GTV
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Intrafraction Movement



37

Respiratory Motion Management -Conventional
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Whole Liver Tolerance





Moving Targets

• Unpredictable Fixed movements

– Patient Movement

– Internal Organ Movement

– Bowel/Bladder filling/emptying

• Respiratory Movement



Unpredictable Movements

• Conventional Radiation



Respiratory Movements 
Conventional Radiation - ITV



Respiratory Movements 
Conventional Radiation- 4D Imaging



Respiratory Movements - SBRT

• Dampening

– Active Breathing Control, Breath Hold

– Abdominal Compression

• Gating

• Tracking



Dampening



Active Breathing Control



Gating

Beam Off

Beam OffBeam On

Beam On

Treatment Field

2.

4.

Gating

Treatment beam is turned on and off 

as tumor enters and exits a static 

treatment field

= Over-treated healthy tissue
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Respiratory Movement Management

Gating

Breath  Hold



External position sensor

Internal fiducial

Tracking



Fiducial Based Image Guidance



Defining Accuracy

Tumor motion

Patient setup

Patient 

movement

Imaging (CT, MRI, etc.)

Treatment planning

Beam delivery

Total 

Clinical 

Accuracy



Modern SBRT Accuracy

• Mechanical Accuracy = 0.12 mm

• Total Clinical Accuracy 

– Stationary lesions: 0.95 mm

– Moving lesions: 1 mm 

Total 

Clinical 

Accuracy

Total Clinical 

Accuracy
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Real time on line motion synchronization
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Motion Synchronization
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Importance of Motion Management





63

Clinical Implications of Motion Management
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Clinical Implications of Motion Management – Increase TCP
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IGRT Improves outcomes

Pract Radiat Oncol. 2016 ; 6(3): e73–e80. doi:10.1016/j.prro.2015.10.004



25 Years of CyberKnife, Jimm Grimm, PhD
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Front Oncol, Feb 2021, PMID: 33634020
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Significance of IGRT  and  Motion Management
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Adaptive Radiation
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Adaptive RT
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Adaptive Radiation Workflow
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Adaptive Radiation Therapy
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Adaptive RT Parameters
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On Table Adaptive – OAR 
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Automated  Adaptation
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Biological Adaptation
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Adapt to Hypoxia
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Adapt to Proliferation
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Conclusion

• Tumors can change in size, location, shape and activity from diagnosis through 

treatment

• Ignoring these changes can lead to  incorrect treatment and poor outcomes

• Accurate image guidance and motion management is crucial in the treatment of liver 

cancers

• Image guided radiation therapy permits assessment and management of positional 

and structural changes in target volumes.

• Adaptation to changes in size, location, shape and activity improves outcomes 

through better local control and less toxicity
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