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General Basic Concepts



What is Stereotactic Body 
Radiotherapy?



ASTRO – ACR CARO AAPM National Radiotherapy 

Implementation group UK all agree that SBRT is:

1.A method of external beam radiotherapy

2.Accurately delivers a 

3.High dose of radiation

4.One or few treatment fractions

5.To an extracranial target using tumor site specific imaging 

modalities



• The major feature that separates SBRT from

conventional radiation treatment is the delivery

of large doses in a few fractions, which results

in a high biological effective dose BED.

• In order to minimize the normal tissue 
toxicity, conformation of high  doses to 
the target and rapid fall-off doses away 
from the target is  critical.

• The practice of SBRT therefore requires a high 

level of confidence in the  accuracy of the 

entire treatment delivery process.



The term “accurate” covers   

•Disease staging

•Multidisciplinary discussion of the indications 
for SBRT

•Tumor site adjusted imaging with appropriate 
spatial and temporal resolution for target and 
organ at risk (OAR) definition

• Highly conformal treatment

• Image-guided patient setup

• Active or passive intrafraction motion 
management and

• Follow-up

TARGET DEFINITION THE WEAKEST LINK

SUPERIMPOSITION OF DIFFERENT IMAGING 
MODALITIES HELP

STEREOTAXY IS A DYNAMIC PROCESS

STEREOTAXY IS NOT 3D CRT   



Why is SBRT so complex in terms of degree of 
freedom of movement/motion?

Understanding Yaw / Pitch / Roll



Orange Peel Effect

Orange and its peel representing a target volume and 
its margin. 

A 6.5 mm thick margin (peel) consists of the same 
volume as a 5 cm diameter target (orange)



SPHERE VOLUME EFFECT



REDUCTION IN PLANNING TARGET VOLUME

• Custom Immobilization

• Respiratory Management

• Image Guidance

PTV PTV



IMAGE GUIDED ABLATIVE  STEREOTACTIC  RADIOSURGERY



• Understanding biology of hypofrationation and extreme

hypofractionationapoptosis /vascular changes / DNA 

damage and repair / immune

• Identification- Physical and biological imaging

• Precise delivery and safety / individualised delivery and

verification

CT / MRI? Pet correlaration

4 D radiotherapy

• Spatial integration Stereotaxy and immunotherapy

• Outcome measures Survival / controls / QOL

THE GAMET OF STEREOTAXY

A two target model

Stem Cell DS 
DNA damage

Cell Death 
Signals

Stem Cell DNA 
damage repair

Molecular 
Dysfunction/ 
Ischema



SBRT IN HEPATOCELLULAR CARCINOMA
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• SIMULATION AND PLANNING

• DOSES

• CONSTRAINTS AND TOXICITIES 

• TAKE HOME MESSAGE



Background

• Hepatocellular carcinoma (HCC) is the most common malignant liver tumour. 

• As per GLOBOCAN 2020, HCC is the 6th most common cancer worldwide and the 
third leading cause of cancer-related mortality.

• Cirrhosis is the primary underlying aetiology and is commonly caused by viral 
hepatitis (hepatitis B and C), alcohol and non-alcoholic fatty liver disease 
secondary to obesity or diabetes mellitus. 

• The global burden of HCC increased by 75% from 1990 to 2015, and it is expected that 
the annual increase by 2030 will be 35% greater than that in 2005



The treatment of HCC is challenging and requires a multidisciplinary approach to decision 
making.

Various treatment modalities are available, such as: 

• Liver transplant 

• Hepatectomy

• Radiofrequency ablation (RFA)

• Microwave ablation

• Percutaneous ethanol injection 

• Transarterial chemoembolisation (TACE) 

• Transarterial radioembolization (TARE)

• Radiation therapy

• Targeted therapy and Immunotherapy

Background



Surgical resection or liver transplant are considered curative options for early-stage HCC, most
patients are not suitable for these therapies either due to:

• Medical contraindications

• Excessive burden of hepatic HCC

• Insufficient liver functional reserve

• Waiting list for transplants

• Advanced stage at presentation

• Unlike liver transplantation, resection does not treat the underlying cirrhosis present in the 
liver. 

• Tumour recurrence is also more frequent after resection, with development of new lesions 
requiring further salvage treatments in the limited stage

Local treatments for unresectable HCCs without portal vein thrombosis, include radiofrequency
ablation (RFA) or other ablative approaches, which are associated with excellent local control (80-90%)
for tumors away from large vessels and less than 3 cm, with reduced local control for larger tumors.



• Historically, external beam radiation therapy (RT) has not been used to treat HCC, primarily
because beyond whole liver doses of 28 Gy in 2Gy fractions, the risk of radiation induced
liver disease (RILD) increases

• Technological advances in radiation treatment planning, breathing motion management and
image guided radiation therapy (IGRT), have made it possible for ablative doses of radiation to
be delivered safely to focal unresectable HCC, using conformal RT, SBRT or protons.

• With focal radiotherapy the incidence of RILD has significantly reduced

• A high dose per fraction has several effects at the molecular level, including initiation of various
signal transduction pathways, modulating target cell phenotypes and initiating immune
response, where there is a pro-inflammatory environment (activation of tumor-specific T cells,
or increasing immune modulator molecules) that is triggered with radiotherapy allowing
immunotherapies to be more effective.



INDICATION, INCLUSIONS 
AND EXCLUSIONS



BARCELONA CLINIC LIVER CANCER STAGING

Shirley.et.al
JHEP Reports 2022



 In recent years, the use of Stereotactic Body Radiotherapy (SBRT) has
increased as a result of its favourable therapeutic ratio. The use of SBRT
either as stand-alone or adjuvant consolidative treatment after partial
response to TACE (BCLC A-B) is associated with median overall survival
of 13-45 months.

 SBRT is also associated with up to 10 months survival in patients with
vascular invasion (BCLC C)



Indications

1. Patients with BCLC-A who are not eligible for Surgery / TACE / RFA or 

failed TACE / RFA, should be considered for liver SABR.

2. In cases of Portal Vein Tumour Thrombus - An effective option

3. SABR may be considered as a bridge to transplant if discussed within a 

transplant MDT

4. Emerging role in oligometastatic extrahepatic disease

5. Recurrent Tumors as salvage therapy



INCLUSION 
CRITERIA 
FOR SABR 

IN HCC

 CHILD PUGH A5-A 6, Select B7 

 ECOG PS 0-2 

 BCLC stage A - C (only for Portal 
invasion) 

 Maximum single tumour size ≤10 cm, 
including any associated thrombus. 

 No more than three intra-hepatic foci of 
radiologically confirmed active HCC

 Adequate normal functional liver 
reserve (Liver – GTV = 700 cc or 
higher) 

 No extra-hepatic or abdominal nodal 
metastases 

 No history of abdominal radiotherapy

 No concomitant Chemotherapy

 Distance from bowel , sttomach , 
duoden - 1cm



• Patients with CHILD > B7

• Intractable ascites

• Patients with active viral 
hepatitis (transaminases > 2.5 
times ULN) 

• History of hepatic 
decompensation 

• Patients with platelet count < 
50,000 

• < 5mm distance from luminal 
gastrointestinal structures

EXCLUSION 
CRITERIA 
FOR SABR 

IN HCC



EVIDENCE



Evidence: BCLC Stage 0/A.

RFA is the recommended first-line treatment for HCC less than 3 cm, if 
unresectable or not suitable for transplant, with 3-year local control rates of 
over 90%. 

The application of RFA is challenging in situations where:

1. The tumour is near vessels (heat sink effect)  

2. the hilum or dome of the diaphragm (risk of complications), 

3. the tumour is large (resulting in incomplete ablation [2-60%] and poor 
outcomes).



SBRT in the definitive setting Early-stage HCC 
(BCLC 0/A)

Retrospective Matthew et.al

N=297 

High risk (not suitable for RFA/TACE or had residual disease)

3-year OS:39% despite large tumors

Toxicity acceptable

Korean Study

Small HCC 1-3 cms

Treatment naïve

Retrospective

5-year LC and OS: 91% and 45%



SBRT in the definitive setting Early-stage HCC (BCLC 0/A)

Meta-analysis by Pan et al. 

10 studies 

Comparing SBRT with RFA for treatment naïve 

HCC 

Superior 1- and 3-year local control with SBRT.

The 2-year OS was possibly lower with SBRT 

due to variation in baseline liver function and 

tumour size. 

After eliminating reporting bias, the secondary 

analysis showed equivalent 2-, 3- and 5-year OS 

rates between the 2 modalities.

Kim.et.al

phase III randomised non-inferiority trial

compared Proton Beam Therapy with RFA 

in recurrent HCC 

(n = 144) 

2-year local progression-free survival with 

PBT was non-inferior to RFA (92.8% for 

PBT vs. 83.2% for RFA). 

The 4-year survival was similar between 

the 2 arms

Two ongoing 

randomized trials are 

comparing SBRT 

with RFA in small 

HCC in a definitive 

and recurrent setting 

(NCT03898921, 

NCT04047173).

No phase III randomized trials compared SBRT with RFA, TACE or surgery for early-stage 

primary HCC.



Intermediate and advanced stage HCC (BCLC B/C)

TACE is a preferred treatment modality for patients with BCLC B HCC

Sapir et al. 

Propensity score analysis of 209 patients 

with 1-2 tumours

TACE (n = 84) vs SBRT (n = 125). 

The 2-year local control rate:

• SBRT 91%

• TACE 23% 

(p<0.001)

Few studies have compared TACE with SBRT

Bettinger et al.

TACE Vs SBRT in HCC BCLC B/C

1 year LC:

• TACE: 82.9 %

• SBRT: 84.8 %  

1 year OS 

• TACE: 52.9% 

• SBRT: 53.1% 

Ongoing studies are 

comparing TACE with 

SBRT: 

NCT02470533 

NCT03338647

Suggest SBRT is an alternative approach to TACE in patients with BCLC B HCC



The recent prospective and 

retrospective studies have shown 

the safety and efficacy of SBRT 

with 2-year local control ranging 

from 68-95%



Role of SBRT in HCC with PVT

The data from prospective and retrospective studies of 

2513 patients who received 3D CRT, transarterial

radioembolization (TARE), or SBRT for HCC with PVT to 

analyze overall survival, response rate, local control, and 

toxicity. 

• The 1-year overall survival for the three modalities 

was similar (~ 44–48%). meta-analysis pooled 

• Local control rate associated with SBRT (86.9%) and 

3D CRT (82.8%) was higher than TARE (57.5%), and 

the overall response rate was higher from SBRT 

(70.7%) than 3D CRT (51.3%) or TARE (33.3%). 

• More than two-thirds of the patients treated with 

SBRT experienced improved abdominal distention 

and/or discomfort.

A recent randomized trial compared local therapy with 

TACE and 3D CRT versus sorafenib in treatment-naive 

patients with liver-confined HCC with macroscopic 

vascular invasion. 

Patients treated with TACE-RT had a significantly higher 

radiologic response rate (15% vs. 1%) at 24 weeks and 

progression-free survival (86.7% vs. 34.3%) at 12 weeks 

and a longer median overall survival (55 vs. 43 weeks) 

and time to progress (31 vs. 11.7 weeks).



Bridge to Transplant –When?

• American Association for the Study of Liver Diseases 
recommends bridging therapy when waiting time is >=6 months, 
and patients are often considered for the same when listed.

• The aim of local therapy in this setting is to prevent progression 
and downsize the tumour to maintain the eligibility for transplant



Bridge to Transplant - Evidence

University of Toronto Study

Demonstrated safety of conformal 

RT (8.5 – 33 Gy in 1-6 fractions)

5/10 patients had successful 

transplant without complications

Connor et al.

N= 10

SBRT (median 51 Gy in 3 fractions)

CR: 27 %

PR: 73%

Median time to transplant: 113 days

No increase in post-op complications

5-year OS and DFS: 100%

Mohammed et al. 

Compared the pathological 

complete response rates (pCR) 

among the bridging treatments 

(SBRT, RFA, TACE and TARE)

lower pathological complete 

response rates with SBRT than 

other modalities (28.5% vs. 40-

75%). 



Walter F, Fuchs F, Gerum S, Rottler MC, Erdelkamp R, 
Neumann J, et al. HDR Brachytherapy and SBRT as 
Bridging Therapy to Liver Transplantation in HCC 
Patients: A Single-Center Experience. Frontiers in 
Oncology [Internet]. 2021;11. Available from: 
https://www.frontiersin.org/articles/10.3389/fonc.202
1.717792

No prospective studies 
examining the efficacy and 
safety of SBRT in this 
setting, in direct comparison 
to more conventional 
treatments of RFA and 
TACE, based on 
retrospective data, SBRT 
appears to be a safe and 
effective alternative

https://www.frontiersin.org/articles/10.3389/fonc.2021.717792


SBRT - Workflow



SIMULATION AND 

PLANNING



Patient 
Preparation

 Medical gastroenterology evaluation of 
functional liver reserve (FLR)

 Patients with oesophageal varices should be 
considered for prophylactic banding 

 Patients with raised HBV antigen or viral 
titres should be started on anti-viral therapy at 
least 2 weeks before SABR

 SBRT should be planned 4-6 weeks after last 
TACE and 7-10 days after stopping oral 
Sorafenib (Restarted after 4 weeks)



 High-quality tri-phasic CT scan

and/or a dynamic Magnetic

Resonance Imaging (MRI)

 CBC, LFTs, AFP, Hepatitis B, C

antigens and their viral titres

 Anti-emetics and PPIs before, during

and 2 weeks after SABR

 Fasting 4 hours before simulation

37

Patient 
Preparation



CT Simulation

Immobilization: Vac Loc with arms 
above head ( Abdominal compression 
as meritted )

CT protocol:
• Triphasic scan in DIBH or with 

abdominal compression 

• 4 D CT to identify motion. Motion 
management  if  > 1 cm motion. i.v 
contrast 1 mL/ kg at 2 mL/s; A multi-
phase contrast enhanced planning CT 
scan 

• Arterial phase and/or portal phase  
ima imaging recommended for GTV 
delineation, and venous phase for 
portal vein thrombosis delineation is 
ideal.



High Quality Triphasic Scan with IV Contrast

Arterial Portal Venous

Venous Venous

Thrombus Thrombus

20
ss

40 60
ss

Extremely crucial to coordinate contrast injection with deep inspiratory breath hold

Scan delay:

• late arterial phase:25-35 
seconds post contrast 
injection

• portal venous phase: 55-70 
seconds post contrast 
injection

• delayed phase: 2-5 
minutes



IMAGING FOR TREATMENT PLANNING

REVIEW IMAGING 
WITH DIAGNOSTIC 

RADIOLOGIST

TRIPHASIC CECT 
IDEAL/ DYNAMIC MRI 

COMPLIMENTARY

NO NEED FOR PET 
FOR HCC

BACKGROUND OF 
CIRRHOSIS TUMOUR 
VS REGENERATIVE 

NODULES

AREAS OF PREVIOUS 
TREATMENT 

(RFA/LIPIDIOL/ 
SURGICAL CLIPS)

VASCULAR 
THROMBOSIS



• Treat on Internal Target Volume (ITV), which is the tumor volume on 
all respiratory phases plus additional set-up margins (4DCT)

• To achieve a reduction in the volume treated is with breath-hold or 
abdominal compression. Abdominal compression is widely used in 
liver SBRT. 

• Another way to reduce ITV is to identify all respiratory phases like in 
ITV basis treatment, but to choose the phases for treatment, either 
the most reproducible or the ones with the minimal movement.

• Respiratory management may use a variety of methods, 
including respiratory gating, tumor tracking with fiducial implants etc

• If present, surgical clips of previous surgery, bile duct prosthesis, 
chemotherapy catheters, lipiodol injected into the tumour during 
TACE might play the same role as fiducials

41

1. Active Breathing Cordinator

2. Marker based matching or 

tracking

3. RPM based gating

4. Calypso based gating

5. Tracking the tumour -

Fiducials

6. Abdominal compression

MOTION MANAGEMENT STRATEGIES

https://www.sciencedirect.com/topics/nursing-and-health-professions/respiratory-gated-imaging
https://www.sciencedirect.com/topics/medicine-and-dentistry/patient-history-of-surgery
https://www.sciencedirect.com/topics/medicine-and-dentistry/bile-duct
https://www.sciencedirect.com/topics/physics-and-astronomy/prosthetics
https://www.sciencedirect.com/topics/nursing-and-health-professions/catheter


Handling Stomach Filling 

1. Variation in gastric filling may lead to 
significant intra-fraction differences in dose 
to normal stomach

2. To mitigate this most clinicians recommend 
keeping patients fasting for 4 hour before 
simulation and each treatment fraction

3. However, treating patients at a consistent 
interval after meals also appears to result in 
reproducible gastric positioning and may be 
more comfortable for some patients.



Contouring



Dose



Dose Response 

Relationship: SBRT

1-5 cm Lesions 5-7 cm Lesions

52-62 Gy44-51Gy



< 4cm

4-10 cm

> 10 cm

Local Control Intrahepatic Recurrence free Survival

No Difference



How Much Liver Will 

you Spare?

Pan,Kavanagh, Dawson IJROBP 2010

Partial Small Volumes could Tolerate Doses> 90 Gy

Child A

Mean Liver Dose important



Risk Adapted Liver SBRT
Akin to FLR assessment for Major Hepatic

Resection

V eff SBRT Dose Feasible Biological  

Equivalence  

(Gy10)

0.20 54Gy/6Fractions 102

0.30 48 Gy/6 fractions 86.4

0.40 42 Gy/6 fractions 71.4

0.50 36 Gy/6 fractions 57.6

0.60 30 Gy/6 fractions 45

Dawson, Seminars in Radiation Oncology

This is for patients with Intact Liver Function (Child A)



Dose Constraints



SBRT for Central Lesions

Central Billiary Structures:

1. Gall Bladder
2. Common Bile Duct
3. Right Hepatic Duct
4. Left Hepatic Duct
5. Cystic Duct

For Liver tumors adjacent to the 
central biliary structures without 
other effective treatment options, 
SBRT to a dose of 40 Gy in 5# is a 
safe treatment with regard to 
biliary toxicity



SBRT and Targeted Therapy in HCC

NRG Oncology clinical trial NRG-RTOG 1112

From April 2013 to March 2021, the Phase III NRG/RTOG 1112 trial accrued 193 patients from 23 sites, and 177 eligible 

patients were randomized to Sorafenib (n=92) vs. SBRT followed by Sorafenib (n=85).

At a median follow-up for all and alive patients of 13.2 and 33.7 months, respectively, with a total of 153 

OS events, the median OS was improved from 12.3 months with Sorafenib to 15.8 months with 

SBRT followed by Sorafenib (p=0.0554).

Median PFS was improved from 5.5 months with Sorafenib to 9.2 months  with SBRT followed by Sorafenib (p=0.0001)

Time to Progression was also improved with SBRT followed by Sorafenib p=0.034). 

Treatment-related grade 3+ AEs were not significantly different (Sorafenib – 42%, SBRT followed by Sorafenib – 47%; p=0.52).



Liver toxicity RILD

Is the most dreaded toxicity of SBRT. 2 types:

• Classic RILD 

• Non-classic RILD. 

Classic RILD is a triad: 

• Anicteric hepatomegaly, 

• Ascites

• Elevated liver enzymes and alkaline phosphatase (2 times 

the normal) occurring 2 weeks to 3 months after radiation. 

Pathological hallmark is veno-occlusive disease. 

The non-classic RILD occurs in existing liver disease and 

manifests as jaundice and raised transaminases (5x the 

upper limit of normal). 

In the modern HCC series, the incidence of classic RILD is 

less than 5%

Luminal gastrointestinal structure toxicity 

The luminal gastrointestinal structures are vulnerable to injury 

because of their proximity to liver tumours and changes 

linked to portal hypertension-related gastroduodenopathy. 

This common toxicity manifests as:

• Ulcers 

• Fistulas 

• Bleeding, 

Rate of grade 3 toxicity was reported to be 5-10%.

Selection of tumours >1 cm away from the 

gastrointestinal structures is recommended. 

Often the dose to the tumour may have to be compromised to 

meet the organs-at-risk constraints

Toxicity

Shirley.et.al
JHEP Reports 2022



Biliary tract toxicity 

The common forms of central hepatobiliary toxicity (HBT) are 

biliary stricture, biliary obstruction, hepatobiliary infection, 

or sepsis. 

The structures in the central hilum of the liver, such as the 

hepatobiliary tract and portal vein, behave as serial structures. 

Toesca et al. reported grade 3 HBT in 17.5% of patients with 

HCC, while none had strictures.

HBT was highly correlated with the dose to the central 

structures. 

The volumes receiving 40 Gy (>37 cm3 ) and 30 Gy (>45 cm3 ) 

were predictors of grade 3 HBT.

Eriguchi et al. suggest that 40 Gy in 5 fractions is safe for the 

biliary tract, with only 2 of the 50 treated patients having 

asymptomatic biliary stenosis (both treated at a dose >40 Gy)

Chest wall toxicity 

Chest wall toxicity manifests as rib pain and rib 

fractures associated with peripherally located HCC. 

Chest wall pain has been reported in up to 21% and 

rib fracture in about 7-8% of patients.

Chest wall toxicity is commonly self-limiting with 

analgesics. 

The high dose (Dmax < 50 Gy and 40 Gy< 5 cm3)  

should be limited when treating close to the chest 

wall

Toxicity

Shirley.et.al
JHEP Reports 2022



SBRT for Liver Metastases









Patient Selection

Several factors need to be considered to ensure safety such as:
• Presence of enough reserve of non-irradiated liver (more than 1000cc)
• Good liver function
• Tumor location being far from luminal gastrointestinal (GI) tissues (>10 mm ideally) 

so that ablative doses of SBRT can be delivered while avoiding potential toxicity. 

Better outcomes are noted in patients with: 

• Limited extrahepatic disease, 
• Smaller size lesions (<3 cm vs. >3 cm) 
• Limited number of hepatic lesions (< 3 vs. >3 lesions) 
• High doses are delivered. 

Patients should be appropriately selected taking patient comorbidities, tumor type and planning factors into 
consideration. 





Evidence

A systematic review published in 2018 reported that 1- and 2-year overall survival (OS) rates were 

67.18% and 56.5%,respectively. 

Median progression-free survival (PFS) was 11.5 months and median OS was 31.5 months. 

Higher SBRT dose was associated with better LC and OS. 

Mild moderate and severe liver toxicities were 30.7% and 8.7%, respectively.



RETROSPECTIVE STUDIES



PROSPECTIVE STUDIES



RFA Vs SBRT (liver 
mets)

Analysis of 222 patients with 330 liver lesions of metastatic colorectal cancer who were treated with SBRT or RFA. 

The median follow-up was 30.5 months. 

The median tumor size was significantly larger in the SBRT group than in the RFA group (2.3 cm vs. 1.5 cm; P < 0.001). 

By adjusting with inverse probability of treatment weighing adjusted analysis, the two groups showed no significant 

difference in 1-year and 3-year recurrence-free survival, OS, and freedom from local progression.

SBRT showed higher freedom from local progression compared with the RFA group (P < 0.001) in treated tumor sizes of more 

than 2 cm



In 2017, a study from Jackson et al. evaluated 161 patients with liver metastases. 

Most of those patients had limited disease (< 5 cm) or stable extra hepatic disease. 

There were 69 patients with 112 lesions treated with RFA and 92 patients with 170 lesions were treated with SBRT. The two 

approaches were similar with regards to local control in treated lesions of less than 2 cm in diameter. 

SBRT improved LC in lesions that were larger than 2 cm compared to those treated with RFA. 

In particular, 1- and 2- year LC rates were 96% and 88.2% in patients treated with SBRT and 74.7% and 60.6% for those 

treated with RFA, respectively, though such differences were not statistically significant

RFA Vs SBRT (liver 
mets)



In a recent meta-analysis that included three studies comparing the efficacy of SBRT and RFA for 

treatment of liver metastases, the reported 2-year LC rate was higher in the SBRT group compared to 

that of the RFA group (83.6% vs. 60.0%, P < 0.001), and OS was not significantly different between 

the two approaches

RFA Vs SBRT (liver mets)



Molecular Biomarkers for SBRT Planning

Treatment of liver metastasis should consider the biology nature of the primary tumors. 

Molecular biomarkers should be considered when planning SBRT for oligo-metastatic 

diseases. 

This includes but not limited to the lung and colorectal cancers. 

Patients with an immune genotype of NRAS, CDK12, and EBF1 mutations have lower local 

recurrence rates compared to those with wild type who have lower survival rates.



Krishan et al. reported results of 85 patients with 

109 metastatic lesions treated with SBRT. 

Patients with KRAS mutation had lower OS 

compared to those patients with KRAS wild 

type. 

The median OS in patients with combined 

KRAS and TP53 mutation was 14 months, 

and for patients with either KRAS or TP53 

mutation, the median survival was 38 

months. 

Moreover, patients with TP53 mutation had a 

higher rate of local recurrence compared to 

patients with TP53 wild type

The importance of mutations in the 

treatment of liver metastases with 

SBRT has also been shown by a 

group from Harvard:

KRAS and TP53 mutations 

correlated with LC more than 

primary tumor type. 

The results demonstrated 

superior LC for lesions without 

KRAS mutation (1-year LC of 73% 

vs. 42% with KRAS mutation)

Better LC for those without KRAS 

and TP53 mutations (1-year LC of 

69% vs. 20% with mutant KRAS 

and TP53).

UK group that showed 

patients with wild type KRAS 

had a superior PFS compared 

to those with KRAS mutation. 

Moreover, OS was reported 

to be better in patients who 

have KRAS-wild type 

compared to the KRAS-

mutant type.



Molecular Biomarkers for SBRT Planning

Conclusion and future directions:

In the future, radiotherapy sensitivity signatures (KRAS wild, oligophenotype, immune 

molecular subtype) may help in treating patients who are likely to benefit more from SBRT 

treatment.



Limitations of SBRT for Liver Mets

Treatment with SBRT does come with some limitations. 

• SBRT has less chance of sustained ablation for larger tumors (> 6 cm). 

• In tumors that are less sensitive to radiotherapy (i.e. colorectal cancer with KRAS and/or 

TP53 mutations), higher doses are needed for better LC. 

• One should pay attention to dose limiting factors including surrounding luminal structures so that 

SBRT may be delivered safely. 

• Systemic therapies may need to be held prior to, during and after SBRT.



Take Home Message



SBRT for HCC

Current Evidence:

• Feasibility: Non Invasive and acceptable toxicity

• Efficacy: Encouraging local control rate

Future directions:

• Randomized Controlled Trials with other local procedures

• Integration Therapy



SBRT in Liver Metastasis 

• In conclusion, there is an expanding role of SBRT for treatment of liver metastases.

• Indications include non-surgical candidates with large lesions (3 to 6 cm), and patients who are not 

suitable for or refractory to RFA (i.e. in central dome, or adjacent to large vessels). 

• It is also an excellent treatment for metastases near portal structures, but one needs to be 

considerate of the organs at risk, and avoid hot spots on the biliary track. 

• Single fraction SBRT should not be recommended for lesions around the porta-hepatis. 

• As there is a degree of clinical equipoise about some topics of SBRT related to liver metastases 

(i.e. maximum number of treated metastases, dose fractionation), more prospective, and ideally 

randomized clinical trials are encouraged.



Thank You



Extra Slides



More recent studies have been looking at single fraction liver SBRT. 

A  report from UT Southwestern Texas included 33 patients with 39 
metastases located at peripheral liver who received a dose of 35-40 
Gy in  one fraction. 

LC was reported to be 96.6% at 4 years. Two and four-year OS rates 
were 82% and 50%, respectively. No grade 3-5 toxicities
were reported.

• This high dose SBRT must be delivered with highly 
conformal

• techniques. 

• Risk of unpredictable toxicities, including biliary 
toxicity, should be taken into consideration. 

• Using highly accurate and precise radiotherapy delivery 
techniques, single fraction SBRT can be used for the 
treatment of small liver metastases (less than 5 cm).



The critical steps for initiating and implemeting a clinical SBRT program involve:

1. Establish the scope of the SBRT program including a selection of treatment sites and the clinical goals for each
site.( Well thought out program ,not an afterthought –ASTRO white paper )

2. Determine a treatment modality, dose-fractionation scheme, and treatment planning goals target definition, target
coverage, conformity index, etc. that support the clinical goals for each treatment site.

3. For each treatment modality and treatment scheme, determine the equipment requirements for  patient positioning, 
treatment delivery, and verification.

4. Determine personnel needs for SBRT implementation and maintenance.

5. Establish and perform acceptance and commissioning test procedures for the SBRT equipment.

6. Establishing SBRT simulation, treatment planning, delivery and verification guidelines, reporting  methodology and 
routine QA procedures, and action levels

7. Conducting personnel training.


