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MOST COMMON LIVER TUMOURS

• LIVER CANCERS

– Hepatocellular carcinoma (75-80% of all primary liver 

cancers)

– Intrahepatic cholangiocarcinoma

– Liver metastasis



HEPATOCELLULAR CARCINOMA



HCC INCIDENCE

• The incidence has tripled in USA in last four 
decades, and 2% increase in incidence is seen 
every year

• Its incidence varies across the globe, and has 
increased in USA and Europe and stable in 
Asia

• HCC is the fifth most common cancer world 
wide

• Third most common cause of cancer death

GLOBOCAN 2020



INDIAN SCENARIO

• 2.6% of newly diagnosed cancers in India are 
HCC –GLOBOCAN 2020

• Close to 50000 new HCC are diagnosed every 
year in India

• Incidence - About 0.7-7.5 per lakh in males 
and 0.2-2.2 per lakh in females

• As per ICMR, the HCC cancer in India is 
increasing

ICMR 2014



Hao Wang et al 2019



ETIOLOGY

• Hepatitis B and C

• Heavy alcohol use

• Obsesity

• Diabetes

• Haemochromatosis

• Alpha-1 antitrypsin deficiency

• Mycotoxin exposure

• Aflatoxin exposure



• Close to 18 staging systems made

• Most commonly used is Barcelona Clinic Liver 
Cancer (BCLC) – most widely used

BCLC categories Parameters for categories

• Very early
• Early
• Intermediate
• Advanced
• terminal

• Tumour size
• Tumour burden
• Liver function based on Child Pugh 

score
• Performance status



Liver transplantation
(CLT/LDLT)

PEI/RFA
Systemic

treatment

Curative treatments
60% to 75% at 5 yrs

Randomized controlled trials 
10% to 50% at 3 yrs

Chemoembolization

Single

Increased Associated
diseases

Normal No Yes

Terminal stage (D)

Stage A-C

Okuda 1-2, PST 0-2, Child-Pugh A-B

Portal pressure/bilirubin

3 nodules ≤ 3 cm

Intermediate stage (B)
Multi-nodular, PST 0 

Okuda 3, PST>2
Child-Pugh C

Stage D

Very early stage (0)
Single < 2 cm

Early stage (A)
Single nodule < 5 cm
or 3 nodules < 3 cm

Advanced stage (C)
Portal invasion,
N1, M1, PST 1-2

PST 0, Child-Pugh A

Stage 0

Resection

BCLC Classification

Symptomatic 
treatment



RECENT 
GUIDELIENS AS PER 
ESMO









PARAMETERS IN DECIDING TREATMENT

• Patient Parameters : age, comorbid conditions, performance status, 

liver disease etiology

• Tumor Characteristics : size, number, AFP, biomarkers

• Histologic data : differentiation, vascular invasion

• Liver Function : Child/MELD score, bilirubin, albumin

• Complications : ascites, encephalopathy

• Portal hypertension

• Organ availability for OLT

• Financial constraints and access to care



BRIDGE TO TRANSPLANT

• Patients fit for transplant often have a long list of waiting for 
orthotopic liver transplant

• – Bridge therapy is recommended
• Bridge therapy prevents disease progression while awaiting 

turn for orthotopic liver transplant
• Options are TACE,RFA, SBRT



COMPARISON OF 
MODALITIES

• Criteria for unsuitability for RFA – thrombocytopenia, arterial 
occlusion, biliary tree necrosis, tumour multifocality

• RFA not possible 
• Near vascular structures

• Near organs like heart, bowel, stomach, biliary structures

• Ethanol - Not possible in areas with poor vascular access

• LC rate is lower than SBRT

• SBRT does not have these limitation , better LC rates



SBRT AS BRIDGE THERAPY

• SBRT give 70-100% radiographic LC and 5-8 months OS
• MSKCC based study – SBRT as bridge therapy –

• 3 yr OS, DFS – 77%, 74%. 
• Pathological response 68%. 
• 29% showed worsensed Child Pugh score before transplant

• As per a study, (Sandroussi et al, Transpl Int 2010)
• Half patients need SBRT after TACE or RFA
• Remaining half aneed SBRT due to unsuitability for TACE and RFA
• With SBRT – significant reduction in AFP and radiologic tumour
• Transplant average 157 days later

• University of Indiana study – 35% grade 3 toxicity (with those with poor baseline 
liver functions)

• Princess Margaret hospital – similar rates of success transplant, hospital stay, OS. 
Lower pCR – low dose, slow response to RT, variable time from bridge therapy to 
transplant

• Higher liver toxicity maybe due to poor liver functional status being posted for SBRT
• Ongoing trial at Lahey Clinic (TACE vsSBRT) (NCT02182687) 



EARLY STAGE INOPERABLE
• Criteria for resection

– Size

– Number

– Location

– Normal liver reserve

– Medical fitness

– Limited extrahepatic disease

• <5-10% are fit for resection due to disease status or comorbid conditions

• Chemotherpay alone has OS of 12-14 months

• published trials establishing similar outcomes with SBRT as compared to 
other modalities, higher LC for larger tumours, good response even after 
multiple lines failure

• Romero et al

• University of Indiana – 82% LC

• University of Michigan-2 yr LC -80%. 1 yr LC 97% for SBRT, 83% for RFA





INTERMEDIATE STAGE

• > 3 cm tumours OR multinodular (>3). Child Pugh A or B
• STAGE B not suitable for surgery
• Newer 2022 update suggests assessment for transplant
• Options are – RFA, TACE, SBRT, combination of both
• Grade 3 toxicity (MC – fatigue, loss of appetite, nausea)

– TACE/TARE – 10-80%
– SBRT – 5-30%

• Korean study – (Li D et al 2014, Expert Rev Anticancer Ther) (Kang J et al, cancer 
2012)

– SBRT after 5 times TACE
– 2 yr LC 94%, PFS 33.8%

• Need more data for combination therapy



ADVANCED STAGE AND 
VASCULAR INVASION(STAGE C)

• Stage C is defined by 

– Macroscopic vascular extension

– Mild to moderate impairment of liver functionor performace status

– Extrahepatic extension

• Worse prognosis for

– Decompensated liver cirrhosis

– Portal hypertension due to portal vein thrombus

• Preferably treated with systemic therapy – sorafenib

• 1 yr OS 30-45%

• Hypofractionated EBRT permits recanalization of vessel in 15-33% and LC at 1 yr > 90%

• Phase III trial shows superiority of Atezolizumab with Bevacizumab in unresectable HCC. 
Finn RS, NEJM 2020



• SBRT is good option for poor functional reserve or for vascular 
invasion

• Princess Margaret in 2008 treated 41 patients with a dose of 
36Gy/6#. Median OS 11.7 months with PVT and 17.4 months 
without PVT

• Rusthoven 2009 – definitive RT for limited disease (1-3 hepatic 

lesions, </=6 cm). Dose escalation to 60Gy/3# 
– 1 year LC 95%

– 2 yr LC 92%

– 2 yr LC for < 3 cm- 100%

– Median survival 20.5Gy

– OS 30%



• MSKCC/Stanford treated primary liver 
tumours and metastasis

– Dose escalation to 25Gy

– Upto 5 cm

– Single fraction SBRT

– LF at 12 months – 23%

– Median survival 28.6 months

– 2 year OS 50.4%
– Goodman K et al, IJROBP 2010



• Dawson 2012 – Phase I study suggests sorafenib increases RT 

toxicity

• Bujold 2014 – definitive for locally advanced disease, multiple 

lesions, largest upto 7.7 cm. 102 patients, 36Gy/6#. OS 17 
months, LC 87%, grade 3+ toxicity 30%

• Yamashita et al evaluated 79 studies and concluded two 
important parameters affecting outcome of SBRT
– BED more than or less than 100Gy 

– size more than or less than 3 cm (64% vs 85%)



Selection Factor Ideal Parameters for Liver SBRT Exclusion Criteria Parameters

Patient immobilization Able to tolerate immobilization Unable to tolerate immobilization

Imaging Tumor clearly defined on triphasic enhanced CT or MRI 

(HCC) or contrast-enhanced CT or MRI or PET (metastases 

or CC)

Eligibility for other therapies Ineligible for resection or other local therapies because of 

technical considerations or concerns of efficacy and/or 

toxicity

Liver function Child–Pugh class A Child–Pugh class C

Healthy liver volume Ability to meet dose constraints <700 cm3 remaining healthy liver volume

Tumor location >1 cm from critical OARs, such as bowel, diaphragm, chest 

wall, or central liver

<5 mm from critical OARs

Great vessel involvement May be involved

Number of lesions 1–3 lesions Five or more intrahepatic lesions

Burden of extrahepatic disease None Uncontrolled or significant extrahepatic burden

Size Very large tumours

Age and histology are not criteria for exclusion

INCLUSION AND EXCLUSION CRITERIA FOR SBRT



POST TACE SBRT
• Retrospective study at University of AL (Jocob et al 2015)

• 161 patients, >/= 3 cm HCC

• 124 patients TACE 

• Su et al , superior OS in TACE+SBRT versus SBRT alone

• TACE-SBRT combination had higher , START trial– Yoon et al

– Radiologic response (15% vs 1% at 24 weeks)

– PFS(84.7% vs 34.3% at 12 weeks)

– Median OS(55 vs 43 weeks)

– Time to progression (31 vs 11.7 weeks)

TACE TACE+SBRT

N 124 37

LR (P=0.04) 25.8% 10.8%

Median OS(P=0.02) 20 months 33 months



CURRENT PROTOCOL (RTOG1112)

• Randomized phase III study of sorafenib vs 
SBRT+sorafenib in HCC to assess effect on OS

• Patient population 

– Unsuitable for resection/transplant/RFA

– Unsuitable or refractory to TACE

– BCLC intermediat (B) or advanced (C)



PROTON BEAM THERAPY FOR 
LIVER SBRT

• Will help escalate dose

• Needs strict immobilisation and breath control

• Most proton centres do not have motion 
management

• Very few proton centres do liver SBRT due to it



• In a Danish study -protons halved the mean liver dose and spared 50% more 
normal liver volume at dose levels <15 Gy.

• Kim et al showed similar dose reduction to the liver with a considerable 
reduction in liver volume receiving 5 to 45 Gy.

• A University of Pennsylvania study by Gandhi et al - showed that both tumor
location and size were correlated with the dosimetric superiority of PBT-SBRT 
over photon-based SBRT.

• An interim analysis of a randomized trial testing PBT versus TACE in
– 69 patients with inoperable HCC from Loma Linda 

– excellent control rates of 88

– 2 yr PFS and OS of 48 and 58

– Nonsignificant trend for improved LC and PFS in patients treated with PBT
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SBRT is the delivery of a radiation to an extracranial target

• high dose per fraction

• 1-5 fractions

• Multiple beams

• highly conformal dose distribution

• relative sparing of normal organs

For SBRT

• Strict immobilisation is of paramount importance

• Motion management helps reduce target volumes and sparing of OARs



BIOLOGIC RATIONALE FOR 
SBRT/HYPOFRACTIONATION 

• High dose/fraction specific effects 

• Preclinical data 

• Threshold ~ 5-10 Gy/ fraction 

• Postulated mechanisms of RT injury 
– Ablative direct cell kill 

– Endothelial target (Fuks) 

• Immune -RT increases tumor Ag-specific immune response ^* 

• Abscopal effect - Local therapy causes systemic response, 
Elusive in practice

• ^^ Park Rad Research 2012 ^ Lugade et al, J Immunology 2005;174:7516-7523 

• * Finkelstein S, Timmerman R, et al. Clin Dev Immunol Nov 2011



SCHEMATIC WORKFLOW FOR 
SBRT



IMAGING

• Triphasic CT scan (hepatic arterial, portal venous and delayed phase)
– Preferable 1-1.35 mm slices
– HCC appears hyperintense in arterial, hypodense in venous and delayed phase 

due to contrast washout.
– Diagnostic scan should also include unenhanced phase

• Multiphase dynamic MRI 
– Better resolution of tumour than CT scan

• FED PET-CT –
– Not adequate
– Helps see change since diagnostic scan
– Helps detect any small newer tumours

• Radiologist input needed to differentiate bland and tumour thrombus



MOTION MANAGEMENT

• Expected movements

– Respiration – liver moves craniocaudal and axial

– Heart beat

– Organ filling and emptying



Respiratory Motion can be managed by

1) Free breathing with large margins to account for motion

2) ITV based to account for motion during respiration + setup - Encompassing 

motion – 4DCT, slow CT, multiple breathhold CT

3) ITV reduction Motion restriction –

deep inspiratory breath hold (active breath coordinator), abdominal compression (compression plate or belt-

reduces motion by 12-13 mm- Berbecco et al 2007)

4) Selecting a section of ITV 

real time position management (RPM)- selecting phases of respiration

5) Treat time weighted average position with margin (risky with chances of miss)

6) Tumour tracking – internal fiducials, cyberknife

Deep inspiration can overestimate the motion



MOTION MANAGEMENT
Can be categorised as

• GANTRY-BASED SYSTEMS use phase or amplitude gating via commercially 

available motion monitoring devices such as

– DIBH

– RPM

– ANZAI

– ABDOMINAL COMPRESSION

– RESPONSE GATING TM ELEKTA

• THE ROBOTIC ARM–BASED PLATFORM such as CyberKnife (Accuray, Inc.) is the 

only system capable of respiratory tracking (Synchrony™) 

– Takes images every 10-30 sec to track fiducials

– OR every 90 sec images track the synchrony vest 

– Patient breathes normally and images follow tumour motion in 

beam’s view

– Multiple non coplanar beams (nodes)





DIFFERENT SETUPS 
IN VARIOUS 
MACHINES



DIBH

RPM

VACLOC WITH BODY 
FIX

ABDOMINAL COMPRESSION



• 3-5 fiducials are needed

• Invasive procedure

• To be done 4-5 days prior to 

planning scan

• Most reliable for localisation

• Difficult in frail patients

• Mandatory for cyberknife

FIDUCIALS



SIMULATION, MOTION 
MANAGEMENT

• POSITION – supine, hands above head

• LOCALISATION – fiducial/lipiodol from TACE/stent/indwelling catheters/ diaphragm

Gold seed/grain fiducial is preferable to anchor/long fiducials – better target localisation, lesser artefacts

• Immobilisation using vacloc +/- body fix

• Using selected motion management technique – DIBH/RPM/compression plate etc

• Motion management –

Deep inspiration breath hold scans are acquired for –

1) arterial phase

2) venous phase

free breathing scans are acquired for –

1) arterial phase end expiration 

2) venous phase end expiration 

3) 4D scan to account for all range of motion

• Slice thickness 1.25 mm

• At the time of treatment delivery - Image guidance for position verification is by cine imaging, 4 DCT, kV and MV 

imaging



TARGET DELINEATION

• Use all modalities – CT scan (arterial and venous phase), MRI, PET-
CT
– Mark the tumour (in both phases – arterial and venous)

– mark the enhancing tumour thrombus

– Do not include bland thrombus

• CTV is not routinely made

• ITV is made depending on type of immobilisation

• PTV
– 3 mm for DIBH with fiducials

– 5-10 mm for free breathing





OARS
• Inclue

– Bowel & duodenum

– Esophagus

– Stomach

– Liver

– Central hepatobiliary tract [cHBT]

– Chest wall & ribs

– Heart

– Lungs

– Kidneys

– Spinal cord

• PRV of the critical OARs is 
important



SUBVOLUME FOR ADJACENT OAR

• SUBVOLUMES – for areas of overlap between PTV and PRV



DOSE PRESCRIPTION

• a threshold of 30 Gy EQD2 below which the 

impact of radiation is muted.

• Between approximately 53 and 84 Gy

EQD2, the LC rates increase from 50% to 

90%. 

• Beyond 84 Gy, the degree of incremental LC 

improvement decreases while, depending 

on the anatomy, there is a continued 

incremental risk of toxicity.



DOSE PRESCRIPTION

• Ranges from 30-50Gy in 3-5 fractions
– Depends on 

– number of lesions

– size of lesions

– location of lesions

– OARs

– residual liver

– histology

• Resistant histologies need higher dose – melanoma, sarcoma, 
RCC, Kras mutant CRC – 48-49Gy/3#





• Dose selection as per Child Pugh score [phase I trial of university of Indiana and 

Colorado]

– Child Pugh A - 48Gy/3# 

– Child Pugh B max dose escalation 40Gy/5#

– 1112 trail [NSABP, GOG & RTOG] adapts dose of 27.5Gy-50Gy in five fractions

Rational approach –

– Child Pugh A –Peripheral - 45-48Gy/3#. Central [near OARs] – 30-50Gy/5#.

– Child Pugh B – 25-40Gy/5#

• Ongoing trial by MGH & MF Anderson – hypofractionated 15 fractions 

upto 67.5Gy for peripheral tumours and 58.05Gy for central tumours



OAR TOLERANCES



Organ at Risk Dose Constraint

Liver—noncirrhotic ≥700 cm3 of uninvolved liver <15 Gy (three fractions)

≥700 cm3 of uninvolved liver <21 Gy (five fractions)

Liver—cirrhotic Child–Pugh class A

≥700 cm3 of uninvolved liver <15 Gy (in three or five fractions)

Mean liver dose <15 Gy (in three or five fractions)

Child–Pugh class B

≥700 cm3 of uninvolved liver <15 Gy (five fractions)

≥500 cm3 of uninvolved liver <7 Gy (five fractions)

Mean liver dose <10 Gy (in five fractions)

Central hepatobiliary tree V40 <37 cm3 and V30 <45 cm3 (five fractions)

Heart Dmean <12 Gy, V15 <10%

Kidney V5 <50%, ipsilateral V12.3Gy < 130 cc

Chest wall V30 <30 cm3 (recommended)

Ribs D2mL <27 Gy (recommended

Spinal cord Dmax <20 Gy (three fractions)

Dmax <15 Gy (three fractions)

• Diaphragm necrosis and pain is reported in liver SBRT, however no constraints or guidelienes available for the same
• They present with scapular or abdominal pain,Most patients had a 3 fractions treatment 



PLANNING 

• Goal

– D95- 100%

– Global max 110-130-% but with in GTV

– For critical OARs, dose coverage compromise is acceptable

• Push IDL as close to 95-100% as possible

• Dmax permissible -

• Avoid max dose outside PTV 

• Linear accelerators use flattening filter free beams for a higher dose rate 
per min

• Cyberknife uses ray tracing algorithm



Credit – Dr. Kanhu Charan Patro



CASE FROM ASTRO SITE

• ITV 50Gy/5# -
achieved V95 to 95%

• PTV 40Gy/5# -
achieved V95 to 95%



TREATMENT DELIVERY

• First step is correct positioning with immobilisation and motion management

• Appropriately counsel and prepare the patient – depending on number of lesions and 

dose per fraction, 30-45 mins with motion management could be needed for the 

delivery

• Image acquisition as per plan prior to treatment, intra-fraction and post treatment

• Imaging could be planar (using gold fiducials), low dose CBCT scans

• Be alert and watch the patient 

• Proper matching is mandatory

• Presence of radiation oncologist, physicist and RTT at the time of delivery is essential 



RESPONSE ASSESSMENT

(1) optimal time for response assessment is at least 6 to 12 months after SBRT

(2) stability or decrease in lesion size is associated with successful local 

control

(3) arterial phase hyperenhancement may persist despite pathologic CR

(4) washout on delayed phases may persist after SBRT. 

• If the RECIST, mRECIST, EASL, or LI-RADS TR v2017 criteria had been 

applied, many of these lesions would have been improperly categorized as 

treatment failures potentially leading to unnecessary additional therapies



FOLLOWUP/SURVIELLANCE-
HCC

• TACE and TARE show complete necrosis by 4-6 weeks

• SBRT will show some change by 3-6 months and further improvement by 12 months

• High energy, triphasic, contrast enhanced CT scan or MRI

– Can be obtained by 4 weeks or after 3 months (to allow radiation inflammation to settle)- this would 

be baseline

– Then every 3-6 months for 2 years

– After 2 years can be done every 6-12 months   

– AASLD 2019 guideline

• If any relevant findings, then further evaluated by AFP and other relevant tests

• Persistent enhancement should be followed up – since delayed response of HCC to SBRT is known

• A study reports complete response rate of 24% - 3 months, 67% at 6 months and 71% at 12 months. Few 

cases even beyond this

• Management of underlying liver disease



• Current Hepatology Rep, 2021



LOCAL CONTROL- HCC

• Large lesions – 45Gy/3-5 fractions – LC 51%

• Cardenes et al – 36-48Gy/3# for Child Pugh A and 40Gy/5# for Child Pugh B. at 2 years, LC 

100%, OS 60%

• Bujold et al 24-53Gy/6# - 1 year LC 87%, CR – 11%

• Kang et al, SBRT post CR from TACE – 42-60Gy/3#. 38.3% had CR and 38.3% 

had PR. 2 year LC 94.6% and OS – 68.7% 

• SBRT with protons gave 2 year LC of 74.8% and 74.1% for HCC and ICC. 

• NRG-GI003 is evaluating protons versus photons.

• SBRT is proved superior to other modalities for unresectable HCC





• SBRT vs TACE-
– LC 96.5% vs 47% at 1 year and 91% versus 23% at 2 years

– 2 year LC 88%for RT and 45% for TACE

– Freedom from hepatic progression at 1 year 56.5 % versus 36% at 2 years (27%-11%)

• Loma Linda University comparing proton RT with TACE

• BRIDGE TO TRANSPLANT
– O’connor – 51Gy/3# followed by transplant - pCR in 27%, stable or 

partial response in others on histopathology in explant

– Barry et al – 36Gy/6 # followed by transplant – 5 yr OS and DFS was 
76% and 79% respectively



ICC





LOCAL CONTROL- ICC

• Mayo clinic – 55Gy/3-5# - one year DFS and OS – 31%, 73%

• O’Connor – 24Gy/3# - LC 75%, CR-25%, grade I toxicity-25%

• Sandler et al – 40Gy/5# - median time to progression and OS were 16.8 

and 31.3 months with 77% grade 1-2 toxicity and 16% grade 3 or more 

toxicity

• SBRT also useful as bridge therapy prior to liver transplant

• 3 year LC for BED <80.5Gy and > 80.5Gy are 45% and 75%



LIVER METASTASIS



• Considering long survival of oligometastatic patients due to evolving 

systemic therapy – liver SBRT for oligometastasis is becoming increasingly 

importat

• Liver mets from CRC – 5 year survival 50-60%







FOLLOWUP/SURVIELLANCE-
METASTASIS

• Single venous contrast CT scan of PET CT is adequate

• Freqency of follow up is same as HCC

• Adjacent liver parenchyma is hypodense

• Gradual response is known with persistent metabolic activity. SUV reduction to half by 3.6 months and SUV 

2.6 by 7 months

• Usually have better liver health than HCC



LOCAL CONTROL- LIVER 
METASTASIS

• LC

– 14-26Gy/1# - LC 68% at 18 months

– 36-60Gy/3# - LC 92% at 2 years

– Rusthoven et al – 2 year LC 100% for < 3cm and 77% for > 3 cm tumours. 

Scorcetti et al found equal control irrespective of size for 75Gy/3#

• Control rate depends on site of primary –Hoyer et al. found improved OS in 

patients with metachronous metastases or largest metastasis less than 35 

mm (20). Rusthoven et al. reported worse median survival for tumors from 

the lung, ovaries, and noncolorectal gastrointestinal sites (12 months) 

versus breast, colorectal, renal, carcinoid, gastrointestinal stromal tumors, 

and sarcomas (32 months

https://radiologykey.com/liver-sbrt-2/#bib20


TOXICITIES



LIVER TOXICITY

• Hepatocytes are very sensitive to radiation. Toxicity is due to – fatigue, toxicity, gastritis, elevated liver 
enzymes

• But upto 75-80% of non cirrhotic liver removal can be done as per surgical literature. So average 2000 cc is 
liver volume and 1/4th of it is around 500 cc, so 700 cc liver spared (means about 40%) is adequate buffer

• classic RILD is a syndrome of an acute triad of hepatomegaly, ascites, and elevated ALP followed by the 
development of anicteric ascites approximately 2 weeks to 4 months after hepatic irradiation described 
with conventional fractionation but has rarely been reported in SBRT studies.

• Constraints as per 

• Emami et al – 5% with 30Gy and 50% with 40 Gy whole liver RT at 1.8-2Gy/#

• QUANTEC - <5% with 30-32Gy and higher risk with higher dose to whole liver RT at 1.8-2Gy/#

• Nonclassic RILD has emerged as a more commonly seen toxicity, described as a fivefold or higher increase 
in transaminase values, a decrease in liver function loosely defined as a 2-point or higher increase in CP 
score, reactivation of hepatitis, or any other toxicity not included in the classic RILD syndrome

• <700 ml liver gets 15Gy [university of Colorado] – they were the first to establish no RILD with this 
constraint

• 800 cc liver < 18Gy [son et al]

• Princess Margaret hospitale stablished grade 5 toxicity if constraint not met (median 18.1 Gy vs. 15.4 
Gy, p = .02) 

• Trial 1112 recommends liver mean dose 13-17Gy





cHBT toxicity

• Osmundson et al established, cHBT toxicity

• Recommended to draw portal vein with 1.5 
cm expansion

• Constraints V40 < 37 cc and V 30< 45cc

• cHBT toxicity associated more with primary 
liver tumour than with metastasis



• STOMACH, DUODENUM, BOWEL

– Risk of perforation and ulceration

– . Dose constraints to these organs include Dmax less than 40 Gy, V25 less than 9 mL, V30 less 
than 5 mL, and V35 less than 1 mL.

• Heart - Dmean less than 12 Gy and V15 less than 10%. 

• Kidneys - kidney V5 less than 50%. 

• Chest wall and ribs - V30 less than 30 mL, and ribs D2mL less than 27 Gy

• Recent review by Pollom et al [check]



TOXICITY

• Radiation induced liver disease (RILD) <1% (transient elevation of 
liver transaminases happens)

• Fatigue and loss of appetite worsens at 1 month and improves at 3 
months

• For Child Pugh B – preferable to fractionate to five fractions
• Child Pugh class deterioration has been reported 3 months post 

SBRT – 29% at 3 months and 6% at 12 months (Bujold et al)
• Gastric perforation – for lesions close to bowel, higher with 

preexisting gastric ulcers (preferable to check with endoscopy prior 
to SBRT)

• Chest wall toxicity – grade 2 non traumatic rib fractures in two 
patients (reported at 0.5cc 51.8Gy and 66.2Gy in six fractions) – Lee 
et al



• Toxicity is enhanced by 
– Surgery, chemotherapy, stent, use of alcohol
– Use of concurrent hypofractionation and immunotherapy 

(VEGF can enhance GI toxicity if used with SBRT)
– Extensive chemotherapy use diminishes functional liver 

reserve (oxaliplatin – sinusoidal injury, irinotecan –
steatohepatitis) – REMAIN ALERT WHILE SELECTING AND 
POSTING PATIENT FOR SBRT

– Concurrent use of Sorafenib – interrupt for 2 weeks during 
SBRT

– Watch for stent induced sepsis mimicking RILD
– For cirrhotics and post chemo liver , DOSE CONSTRAINT 

850cc< 15Gy



FUTURE DIRECTIONS

• ongoing randomized trials investigating sorafenib with or without 

TACE (NCT01829035 and NCT01906216) 

• sorafenib with or without SBRT (NCT0173093 and RTOG 1112).

• Trials for tremelimumab (monoclonal antibody against CTLA-4) for

use with TACE, RFA, SBRT in HCC and biliary tract carcinomas

(NCT01853618)

• Trials to evaluate abscopal effect with use of immunotherapy with

RT
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