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Rationale: Liver metastasesRationale: Liver metastases
•• Liver metastases from colorectal ca (CRC) and Liver metastases from colorectal ca (CRC) and 

other solid cancers a large source of morbidity and other solid cancers a large source of morbidity and 
mortalitymortality

•• Rationale for more liver directed therapies withRationale for more liver directed therapies with•• Rationale for more liver directed therapies with Rationale for more liver directed therapies with 
improved systemic therapiesimproved systemic therapies

•• Surgery CRC mets: 5 year survival 25 Surgery CRC mets: 5 year survival 25 –– 50%50%
–– Long term survival not possible in absence of surgeryLong term survival not possible in absence of surgery

•• Most patients not suitable for surgery or Most patients not suitable for surgery or 
radiofrequency ablation (RFA)radiofrequency ablation (RFA)

•• Sixth most common cancer globallySixth most common cancer globally
–– 626,000 cases worldwide annually626,000 cases worldwide annually
–– Increasing globallyIncreasing globally

•• Third cause of global cancer death Third cause of global cancer death 

Rationale: Hepatocellular CarcinomaRationale: Hepatocellular Carcinoma

gg
–– 598,000 deaths worldwide annually598,000 deaths worldwide annually

••  77% 5 year survival% 5 year survival

•• Transplant, resection, RFA can cure : 5 year Transplant, resection, RFA can cure : 5 year 
survival 20 survival 20 –– 80%80%
–– Most patients not eligible for these local therapiesMost patients not eligible for these local therapies

WHO 2007
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HypothesisHypothesis
•• Radiation therapy should improve outcomes Radiation therapy should improve outcomes 

in patients with primary and metastatic liver in patients with primary and metastatic liver 
cancer, unsuitable for standard local cancer, unsuitable for standard local 
th ith itherapiestherapies

RT StrategiesRT Strategies

•• External beam radiotherapy External beam radiotherapy 
.
.
.
.

– 2D low dose palliative radiotherapy 

– 3D conformal radiotherapy 

– Intensity modulated radiotherapy

– Stereotactic radiotherapy 

•• BrachytherapyBrachytherapy
–– InterstitialInterstitial
–– InterluminalInterluminal

•• IntraIntra--operative RT (IORT) operative RT (IORT) 
–– Mobile electron unitMobile electron unit

• Radioisotopes
– Iodine 131 Lipiodol 

– Yttrium 92 microspheres

– Protons, Carbon ions

Roles of Radiation TherapyRoles of Radiation Therapy
•• Palliative (low dose focal / whole liver RT)Palliative (low dose focal / whole liver RT)

–– To delay recurrenceTo delay recurrence
–– To improve symptoms and quality of lifeTo improve symptoms and quality of life

•• Radical (tumorcidal/ high focal dose RT)Radical (tumorcidal/ high focal dose RT)
–– Definitive therapy to improve survivalDefinitive therapy to improve survival
–– To downstage borderline resectable tumorsTo downstage borderline resectable tumors
–– In conjunction with other liver treatmentIn conjunction with other liver treatment

TROG Palliative RT for Liver MetastasesTROG Palliative RT for Liver Metastases

•• N=28N=28
•• 10 Gy in 2 # over 2 days10 Gy in 2 # over 2 days
•• Symptoms:Symptoms:

–– Pain (27)Pain (27)
–– Distension (19)Distension (19)Distension (19)Distension (19)
–– Night sweats (12)Night sweats (12)
–– Nausea (18)Nausea (18)
–– Vomiting (8)Vomiting (8)

•• Premedication: steroid and antiPremedication: steroid and anti--emeticemetic
•• Med survival 10 weeksMed survival 10 weeks

Bydder S, Australasian Radiology, 47, 284-288, 2003

TROG Palliative RT for Liver MetastasesTROG Palliative RT for Liver Metastases

•• N=28N=28
•• 10 Gy in 2 # over 2 days10 Gy in 2 # over 2 days

•• Symptoms scored by MDs (+/Symptoms scored by MDs (+/-- telephone telephone 
assessment): Symptom scale 0assessment): Symptom scale 0 –– 44assessment):  Symptom scale 0 assessment):  Symptom scale 0 44
–– Symptom response rates: 53Symptom response rates: 53--66% at 2 weeks66% at 2 weeks
–– Partial/ complete global symptom responses 54%Partial/ complete global symptom responses 54%

•• Patient assessment: Patient assessment: 
–– 12 / 17 “better” on at least 1 occasion12 / 17 “better” on at least 1 occasion

Bydder S, Australasian Radiology, 47, 284-288, 2003
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Palliative RT for liver cancerPalliative RT for liver cancer

•• Few studies with QOL and symptom scalesFew studies with QOL and symptom scales
••  80% pain relief in palliative RT studies for bone or 80% pain relief in palliative RT studies for bone or 

soft tissue metastasessoft tissue metastases

•• Ongoing palliative RT study at PMH for Ongoing palliative RT study at PMH for 
symptomatic CRC liver metastases or HCC *symptomatic CRC liver metastases or HCC *symptomatic CRC liver metastases or HCC symptomatic CRC liver metastases or HCC 
–– 40 patients40 patients
–– 8 Gy x 1, ‘simple’ RT8 Gy x 1, ‘simple’ RT
–– Child A or BChild A or B
–– EndpointsEndpoints

•• Symptom improvementSymptom improvement
•• QOLQOL

* CARO 2008, Resident PI : Hany Soliman

Symptom Improvement with RTSymptom Improvement with RT
•• At 1 month, 3/11 patients had a complete response (CR)At 1 month, 3/11 patients had a complete response (CR)
•• 7/11 patients 7/11 patients -- improvement in worst symptom by at least 1 improvement in worst symptom by at least 1 

pointpoint
•• 4/11 patients 4/11 patients --no improvement or symptom worseningno improvement or symptom worsening
•• Reduction in 1 mo. symptom score by 1.2 (95% Reduction in 1 mo. symptom score by 1.2 (95% --4.0, 1.5)4.0, 1.5)

Change in Symptom Score

-10 -8 -6 -4 -2 0 2 4 6 8 10

Absolute Change at 1 month from Baseline

*
**

*CR

Nausea

Fatigue

Palliative RT for HCC portal vein thrombosisPalliative RT for HCC portal vein thrombosis

•• 47 y. o. man with locally advanced HCC47 y. o. man with locally advanced HCC
•• Progression post ++ tx (including targeted therapies)Progression post ++ tx (including targeted therapies)
•• Symptomatic portal vein, IVC and atrium thrombosisSymptomatic portal vein, IVC and atrium thrombosis
•• RT antRT ant--post pair: 25 Gy in 5#post pair: 25 Gy in 5#

25 Gy

Baseline CT                    RT plan

April 07 pre RTApril 07 pre RT Oct 07 post RTOct 07 post RT

• Symptomatic and radiographic response
maintained 6+ months post RT

Palliative RT for HCC portal vein thrombosisPalliative RT for HCC portal vein thrombosis

What are the challenges in safely What are the challenges in safely 
using radiation therapy to using radiation therapy to radicallyradically

treat liver cancers?treat liver cancers?

•• Radiation induced liver disease (RILD)Radiation induced liver disease (RILD)
–– Anicteric ascitesAnicteric ascites
–– Elevated liver enzymes (ALP > AST/ALT)Elevated liver enzymes (ALP > AST/ALT)

•• NonNon--RILD hepatic toxicityRILD hepatic toxicity
–– Elevation of transaminasesElevation of transaminases
–– Reactivation of viral hepatitisReactivation of viral hepatitis

More common in 
metastases

Potential RT Toxicities

–– Liver decompensationLiver decompensation
–– ThrombocytopeniaThrombocytopenia
–– Biliary obstructionBiliary obstruction
–– Elevated bilirubinElevated bilirubin

•• NonNon--hepatichepatic
–– Vascular Vascular 
–– Capsular pain, rib fractureCapsular pain, rib fracture
–– Stomach, bowel bleeding, obstruction, fistulaStomach, bowel bleeding, obstruction, fistula

More common in HCC + 
Hepatitis B

More common with 
internal RT

More common with 
external RT
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Hepatitis B reactivationHepatitis B reactivation

•• Reported after RT for Reported after RT for 
HCCHCC

•• Antiviral therapy Antiviral therapy 
d i kd i kreduces riskreduces risk

•• FigureFigure
–– Group I antiviral therapyGroup I antiviral therapy
–– Group II noneGroup II none

Kim et al. IJROBP 69(3): 813–819, 2007
Center for Liver Cancer, South Korea

Liver Tolerance Liver Tolerance –– U MichiganU Michigan
•• Series of phase I/II trials since 1987Series of phase I/II trials since 1987

–– Individualized RT 1.5 Gy twice daily (max 90 Gy)Individualized RT 1.5 Gy twice daily (max 90 Gy)
–– Hepatic arterial FUdR or BUdR  Hepatic arterial FUdR or BUdR  

•• 203 patients (98 mets, 105 primary); 13 RILD203 patients (98 mets, 105 primary); 13 RILD

•• Significant multivariate analysis risk factors Significant multivariate analysis risk factors 
–– Male > femaleMale > female
–– BUdR > FUdR chemotherapyBUdR > FUdR chemotherapy
–– HCC > liver metastasesHCC > liver metastases
–– Dose and volume of RT deliveredDose and volume of RT delivered

Dawson LA et al. IJROBP 2002

0.6

0.8

1.0

Veff
3/3

2/3

1/3

Liver Tolerance Liver Tolerance –– U MichiganU Michigan
Radiation Induced Liver DiseaseRadiation Induced Liver Disease

Liver Volume

Dose (Gy), 1.5 Gy bid

0.0

0.2

0.4

0 20 40 60 80 100 120

Dawson LA et al. IJROBP 2002

37Gy 54Gy   >100Gy>100Gy
5%

Lyman NTCP - mets
n       0.97  (0.7, 2.3)
m      0.12  (0.07, 0.25)
TD50 Mets  46 Gy (42, 
63)

Tolerance: Stereotactic Body RT (SBRT)Tolerance: Stereotactic Body RT (SBRT)

•• SBRT= highly conformal potent dose RT delivered SBRT= highly conformal potent dose RT delivered 
in few fractions (30in few fractions (30-- 60Gy in 160Gy in 1--10#)10#)
–– Liver toxicity uncommon following SBRT Liver toxicity uncommon following SBRT 

–– Most SBRT series: <30% effective liver volume irradiatedMost SBRT series: <30% effective liver volume irradiated

•• ‘Safe’ liver dose‘Safe’ liver dose--volume constraintsvolume constraints
–– 6 fractions:6 fractions: mean liver dose < 20 Gymean liver dose < 20 Gy
–– 3 fractions:3 fractions: >700 cc < 15 Gy>700 cc < 15 Gy

D30% < 21 Gy,D30% < 21 Gy, D50% < 15 GyD50% < 15 Gy
–– 1 fraction:1 fraction: D30% < 12 Gy,D30% < 12 Gy, D50% < 7 GyD50% < 7 Gy

Dawson, Kavanagh, Wulf, Atca Oncologica 2006

How to deliver RT safelyHow to deliver RT safely
•• Appropriate patient selectionAppropriate patient selection

–– ChildChild--Pugh A > B >>> CPugh A > B >>> C
•• Technological advances Technological advances 

–– Imaging (tumor and vascular)Imaging (tumor and vascular)
–– RT breathing motion managementRT breathing motion management
–– RT planningRT planning
–– RT image guidanceRT image guidance
–– Interventional radiology technical advancesInterventional radiology technical advances

•• Ensure enough residual liver and other critical Ensure enough residual liver and other critical 
tissues spared from RTtissues spared from RT

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients
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•• MultiMulti--modal imaging: CT, MR, USmodal imaging: CT, MR, US
•• Improved spatial and temporal resolutionImproved spatial and temporal resolution
•• Image registration and fusionImage registration and fusion

Imaging •• CT based dose planning with geometric CT based dose planning with geometric 
conformation of doseconformation of dose

•• Intensity modulated radiation therapyIntensity modulated radiation therapy
•• Automated computer optimization Automated computer optimization 

RT Dose PlanningRT Dose Planning

Volume to be 
irradiated

Prescription 
dose

RT Treatment Volumes RT Treatment Volumes -- HCCHCC

GTV
CTV 5 mm in liver
(PMH, Toronto)
PTV (5PTV (5--30 mm)30 mm)
--individualizedindividualized

Portal vein thrombus, 
PVT
PVT CTV 0 mmPVT CTV 0 mm
PVT PTVPVT PTV

Breathing Motion ManagementBreathing Motion Management
•• Liver breathing motion measurement toolsLiver breathing motion measurement tools

–– Fluoroscopy, cine MR, respiratory sorted CTFluoroscopy, cine MR, respiratory sorted CT

•• Motion management strategiesMotion management strategies
–– Increase volume irradiatedIncrease volume irradiated
–– Breath holdBreath hold
–– Gating beam Gating beam 
–– Track beamTrack beam

Planning target 
volume, PTV

Free breathing Breath hold RT

Image Guided Radiation Therapy, IGRTImage Guided Radiation Therapy, IGRT
•• IGRT:  Daily imaging immediately before or IGRT:  Daily imaging immediately before or 

during RT delivery to position patient more during RT delivery to position patient more 
accurately and preciselyaccurately and precisely

•• Changes in liver position                                Changes in liver position                                
relative to bones                                              relative to bones                                              
dayday--toto--day day 
–– Free breathing Free breathing 
–– Breath holdBreath hold

•• IGRT increases likelihood of dose being IGRT increases likelihood of dose being 
delivered as planneddelivered as planned

MV EPID                  kV Fluoroscopy + markers           Ultrasound          kV CT

Image Guided Radiotherapy (IGRT)Image Guided Radiotherapy (IGRT)

MV CT                                                                   kV Cone-beam CT
MV cone 
beam CT

Dawson, Jaffray, JCO, 2007

+ integrated systems, MR-linac, …
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kV Cone Beam CTkV Cone Beam CT
Breath hold 

3D (Volume) and 4D (Temporal) IGRT3D (Volume) and 4D (Temporal) IGRT

Contrast (IV) Contrast (oral)

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy
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H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

1.5 Gy bid

HA FUdR
0.2 mg/kg/d

M T W T F S S M T W T F S S

Week 1 Week 2
M T W T F S S M T W T F S S

Week 5 Week 6
M T W T F S S

Week 7

University of MichiganUniversity of Michigan

McGinn C et al. J Clin Oncol. 1998

•• Phase I study, n = 128Phase I study, n = 128
•• Concurrent hepatic arterial FUdR radiosensitizer Concurrent hepatic arterial FUdR radiosensitizer 
•• Individualized prescription dose Individualized prescription dose -- based on volume of based on volume of 

liver irradiated/ risk of RILDliver irradiated/ risk of RILD
•• Maximum dose 90 Gy, 1.5 Gy/# bidMaximum dose 90 Gy, 1.5 Gy/# bid

Overall Survival by Total Dose

Complete Censored

vi
ng

0 7

0.8

0.9

1.0

University of Michigan: Phase I/IIUniversity of Michigan: Phase I/II
128 unresectable colorectal ca (CRC) liver metastases, 
HCC or cholangiocarcinoma

Med diameter 10 cm

RT dose:RT dose:

median 61 Gy median 61 Gy 

Ben Josef E. et al, JCO, 2005 
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Total dose <75 Gy

Total Dose = or >75 Gy

P=0.0008
(24(24--90 Gy)90 Gy)

1.5 Gy fractions1.5 Gy fractions

twice dailytwice daily

47 CRC mets:
med survival 17 mo

•• Grade 1/2 Grade 1/2 -- 30%  (fatigue common)30%  (fatigue common)
•• Grade 3/4 Grade 3/4 -- 30%  (primarily biochemical)30%  (primarily biochemical)
•• Grade 5 Grade 5 -- 0.8%0.8%

•• Most common severe complications:Most common severe complications:

Toxicity: Michigan, n=123Toxicity: Michigan, n=123

•• Most common severe complications: Most common severe complications: 
–– Upper GI ulcer and bleeding Upper GI ulcer and bleeding 5%5%
–– Radiation induced liver disease Radiation induced liver disease 4%4%
–– Hepatic catheterHepatic catheter--related related 3% 3% 

Ben Josef E et al, JCO, 2005 

Trials of Liver Metastases SBRTTrials of Liver Metastases SBRT

InstitutionInstitution No. No. 
lesionslesions

FractionsFractions Dose/#, Dose/#, 
GyGy

Med Med 
followup, followup, 

mosmos

TimeTime Actuarial Actuarial 
LCLC

WurzburgWurzburg 5555 11 1414--2626 66 18m18m 6767
AarhusAarhus 141*141* 33 1515 4.34.3 2yr2yr 7979

RotterdamRotterdam 4545 33 12.512.5 1313 2yr2yr 8282

ProspectiveProspective

ColoradoColorado 4949 33 2020 1616 2yr2yr 9292
TorontoToronto 140+ ^140+ ^ 66 55--1010 1111 1yr1yr 7070

RochesterRochester 293**293** 1010 55 4141 2yr2yr 6767

*Total number of colorectal cancer metastases; 44 liver metastases.
**Total number of lesions treated; 45% of patients were treated for hepatic metastases.
‡In surviving patients.
§Different fractionation (3  10 Gy or 5  5 Gy) used for patients with hepatocellular 
carcinoma or with lesions  4 cm.
^ 68 patients

RetrospectiveRetrospective
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•• Eligibility, n=46Eligibility, n=46
–– 11--3 liver metastases3 liver metastases
–– Solid tumors < 6cmSolid tumors < 6cm
–– Liver and kidney function OKLiver and kidney function OK

•• Bili <3 mg/dL, alb > 2.5 g/dLBili <3 mg/dL, alb > 2.5 g/dL
•• Liver enzymes <3xULNLiver enzymes <3xULNLiver enzymes 3xULNLiver enzymes 3xULN
•• No ascitesNo ascites

–– No systemic therapy within 14 No systemic therapy within 14 
days predays pre-- or postor post--SBRTSBRT

•• Dose escalation to 20 Gy x 3Dose escalation to 20 Gy x 3
•• Image guidance and breathing Image guidance and breathing 

motion managementmotion management
•• Liver doses:Liver doses:

–– > 700 cc had to receive < 15 Gy > 700 cc had to receive < 15 Gy 

Rusthoven, J Clin Oncol. 2009.

PMH Phase I/II Study PMH Phase I/II Study -- MetastasesMetastases
•• Conformal RT for unresectable liver cancerConformal RT for unresectable liver cancer

–– Individualized ‘isoIndividualized ‘iso--toxic’ dose (6 fractions)toxic’ dose (6 fractions)
–– Breath hold for liver immobilizationBreath hold for liver immobilization

•• Daily IGRT and repositioningDaily IGRT and repositioning

•• 68 patients with metastases (168 patients with metastases (1--8/ patient)8/ patient)
–– 40 CRC 40 CRC 
–– 12 breast ca12 breast ca
–– 4 gall bladder ca4 gall bladder ca
–– 12 other (lung ca, melanoma..)12 other (lung ca, melanoma..)

•• Median volume 75 cc (2 Median volume 75 cc (2 –– 3000 cc)3000 cc)
•• Median dose 41 Gy (28 Median dose 41 Gy (28 –– 60 Gy), in 6 fractions60 Gy), in 6 fractions

Refractory to or 
unsuitable for 

chemo

Lee.., Dawson. JCO, April 2009

PMH Phase I/II Study PMH Phase I/II Study -- MetastasesMetastases
•• Med followMed follow--up 10.8 months, n=68up 10.8 months, n=68
•• Acute ToxicityAcute Toxicity

–– Fatigue, gr 1 commonFatigue, gr 1 common
–– 3 Gastritis, gr 1/23 Gastritis, gr 1/2

•• Late Toxicity Late Toxicity V. low risk of liver toxicity 
–– No liver toxicityNo liver toxicity
–– 1 intermittent pain (gr 2)1 intermittent pain (gr 2)
–– 1 rib fracture 1 rib fracture 
–– 1 colitis (gr 2)1 colitis (gr 2)
–– 1 duodenal bleed (gr 4), in presence of tumor1 duodenal bleed (gr 4), in presence of tumor
–– 1 small bowel obstruction (gr 4), in presence of tumor1 small bowel obstruction (gr 4), in presence of tumor

Lee.., Dawson. JCO, April 2009

(95% CI: 0-5.3%)  

RR 57%, SD 32%, PD 11%

79 y.o. man - rectal cancer liver metastases, bad COPD
Chemo-refractory, 45 Gy/6 #, ‘NED’ 27 months

Baseline 1 month 3 months             27 months

ResponsesResponses

Change due to RT

PMH Phase I PMH Phase I --Tumor controlTumor control
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PMH Phase I/II Study PMH Phase I/II Study -- SurvivalSurvival
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PMH Phase I/II Study PMH Phase I/II Study -- SurvivalSurvival
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Median survival CRC  mets               
14.6 months (10.3, 30.1) 

Lee.., Dawson. JCO, April 2009

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

•• 82 unresectable HCC or intrahepatic cholangioca82 unresectable HCC or intrahepatic cholangioca
–– ChildChild--Pugh A Pugh A 
–– Median tumor volume 276 ccMedian tumor volume 276 cc
–– No portal vein thrombosisNo portal vein thrombosis
–– Tx with individualized RT 1.5 Gy bid to 90 Gy max, with Tx with individualized RT 1.5 Gy bid to 90 Gy max, with 

Results: MichiganResults: Michigan

hepatic arterial 5FUdR hepatic arterial 5FUdR 

HCC HCC CholangiocaCholangioca
–– NumberNumber 3636 4646
–– Response rate Response rate 58% 58% 36%36%
–– Median survival Median survival 15.2 months15.2 months 13.3 months13.3 months

Ben Josef E, JCO, 2005 

•• 25 patients, 1 nodule 25 patients, 1 nodule << 5 cm, 2 nodules 5 cm, 2 nodules << 3 cm3 cm
•• Radiotherapy; Radiotherapy; 66 Gy in 2 Gy/fraction66 Gy in 2 Gy/fraction

•• 60% 2 yr relapse free survival60% 2 yr relapse free survival

•• Response rate; 92% Response rate; 92% 
•• CR 80%, PR 12%CR 80%, PR 12%

•• Toxicity:Toxicity:
•• 19% Grade 3 in Child A  19% Grade 3 in Child A  
•• 22% Grade 4 in Child B 22% Grade 4 in Child B 

Int. J Radiation Oncology Biol. Phys., 2006

RT & TACE vs TACE RT & TACE vs TACE -- HCC: KoreaHCC: Korea

•• 73/ 105 HCC incomplete response to TACE73/ 105 HCC incomplete response to TACE
–– 35 TACE repeated35 TACE repeated
–– 38 received radiotherapy38 received radiotherapy

•• Multivariate analysis sign. factors (survival)Multivariate analysis sign. factors (survival)
–– Tumor sizeTumor size
–– TreatmentTreatment

2 yr survival2 yr survival RT   RT   no RTno RT
AllAll 37%37% 14%14%
55--7 cm7 cm 63%63% 42%42%
88--10 cm10 cm 50%50% 0%0%

Shim, Seong  et al. Liver International, 2005

China, TACE and RT China, TACE and RT –– Dose Effect Dose Effect (5(5--10#)10#)

(5-8 fractions)

Wu  et al. World J Gastroenterol, 2004
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Protons for HCC: Japan n=162 

•• Fractionations: 55 Fractionations: 55 –– 96.8 GyE / 1096.8 GyE / 10--30 fractions30 fractions
•• N=162N=162

5 yr LOCAL CONTROL 87%

11 1

5 yr SURVIVAL 24%

1

Tokuuye, Akine Clin Cancer Res 2005Tokuuye, Akine Clin Cancer Res 2005

0

.2

.4

.6

.8

0 10 20 30 40 50 600     10    20    30     40    50   60
Months

.5

0 0

.2

.4

.6

.8

0 10 20 30 40 50 60

.5

0

0     10    20    30     40    50   60
Months
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•• Fractionations: 55 Fractionations: 55 –– 96.8 GyE / 1096.8 GyE / 10--30 fractions30 fractions
•• N=162N=162

11 1

5 yr SURVIVAL 54%

1

5 yr LOCAL CONTROL 87%

Tokuuye, Akine Clin Cancer Res 2005Tokuuye, Akine Clin Cancer Res 2005
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•• Fractionations: 55 Fractionations: 55 –– 96.8 GyE / 1096.8 GyE / 10--30 fractions30 fractions
•• N=162 N=162 

•• 5 late toxicities5 late toxicities
Biliary stenosisBiliary stenosis 13 months post RT13 months post RT–– Biliary stenosisBiliary stenosis 13 months post RT13 months post RT

–– Biloma (2)Biloma (2) 29 and 38 months post RT29 and 38 months post RT
–– Gastric ulcerGastric ulcer 4 months post RT4 months post RT
–– Colon ulcerColon ulcer 6 months post RT6 months post RT

Tokuuye, Akine Clin Cancer Res 2005Tokuuye, Akine Clin Cancer Res 2005

Protons for HCC: Japan n=51
•• Confirmatory prospective studiesConfirmatory prospective studies
•• > 2cm from portal hepatis> 2cm from portal hepatis
•• 66 GyE in 10#66 GyE in 10#

5 yr local control 88%5 yr survival 39%

Fukumitsu, IJROBP, July 1,Fukumitsu, IJROBP, July 1, 20092009

5 yr local control 88%5 yr survival 39%

HCC with Portal Vein Thrombosis, KoreaHCC with Portal Vein Thrombosis, Korea

•• 40 patients40 patients
•• RT 45 Gy in 25#, conformal RTRT 45 Gy in 25#, conformal RT
•• Concurrent hepatic arterial 5FU wk 1 and 5Concurrent hepatic arterial 5FU wk 1 and 5
•• Post RT hepatic arterial 5FU+ CisplatinPost RT hepatic arterial 5FU+ Cisplatin
•• Median survival 13.1 monthsMedian survival 13.1 months

Han, Seong, et al, Cancer 103, Sept 2008

PMH Phase I Study, PMH Phase I Study, n=31 HCC pts, 27n=31 HCC pts, 27––54 Gy in 6#54 Gy in 6#
•• Med. Age (range):  Med. Age (range):  66 (4166 (41--85)85)
•• HBV: HCV: Etoh: otherHBV: HCV: Etoh: other 13: 12: 4: 213: 12: 4: 2
•• Med. AFP (range):Med. AFP (range): 1047 (< 5, 714000)1047 (< 5, 714000)
•• Child A5: A6Child A5: A6 28:328:3
•• Med tumor volumeMed tumor volume 173 cc (9173 cc (9--3090 cc)3090 cc)Med. tumor volumeMed. tumor volume 173 cc (9173 cc (9 3090 cc)3090 cc)
•• Portal vein/ IVC involvement  n=16 (52%)Portal vein/ IVC involvement  n=16 (52%)
•• Prior treatment:   Prior treatment:   61 %61 %

–– Resection/ transplant + otherResection/ transplant + other 6 (19%)6 (19%)
–– RFA or Etoh ablation onlyRFA or Etoh ablation only 7 (23%)7 (23%)
–– TACETACE onlyonly 2 (6%)2 (6%)
–– Doxorubicin onlyDoxorubicin only 1 (3%)1 (3%)
–– Other combinationsOther combinations 3 (9%)3 (9%)

Tse et al, JCO, 2008Tse et al, JCO, 2008
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Phase I Study, HCC Toxicity, n=31Phase I Study, HCC Toxicity, n=31
•• Grade 3 nausea/vomitingGrade 3 nausea/vomiting 11
•• Grade 1 /2 /3 plateletsGrade 1 /2 /3 platelets 21 / 2 / 121 / 2 / 1

•• Radiation Liver Disease, RILDRadiation Liver Disease, RILD 00
G d 3 liG d 3 li 8 (6 i ti )8 (6 i ti )•• Grade 3 liver enzymesGrade 3 liver enzymes 8 (6 preexisting)8 (6 preexisting)

•• Decline in Child score (3 mo)Decline in Child score (3 mo) 55
–– Large tumors treated to doses < 36 Gy, 6 #Large tumors treated to doses < 36 Gy, 6 #
–– 3 with rapid extensive hepatic progressive HCC3 with rapid extensive hepatic progressive HCC
–– 2 with Child A6 function at baseline2 with Child A6 function at baseline

Tse et al, JCO, 2008Tse et al, JCO, 2008

Late ToxicityLate Toxicity
•• 1 tumor1 tumor--duodenal connection:   15 mo post RT     duodenal connection:   15 mo post RT     

(30 Gy in 6#)(30 Gy in 6#)
–– Detected on imaging, with persistent HCCDetected on imaging, with persistent HCC
–– Ultimate infection and GI bleed leading to death at 18 moUltimate infection and GI bleed leading to death at 18 mo

Pre RT                          15 mo post RT

Hepatocellular carcinoma, 33 Gy/ 6 #

ResponsesResponses

Baseline 12 months

12 mo in-field local control 65% (95% CI: 44, 79%)

SD > PR > CR

Hypertrophy of spared liver

Patterns of RecurrencePatterns of Recurrence
•• Majority recur outside irradiated volumeMajority recur outside irradiated volume

Tse et al, JCO, 2008Tse et al, JCO, 2008

0.6

0.8

1.0

ty
 o

f S
ur

vi
va

l
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no PVT med survival 17.2 mo (9.0 - 22.5)

Survival by Portal Vein Thrombosis, PVTSurvival by Portal Vein Thrombosis, PVT
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Tse et al, JCO, 2008Tse et al, JCO, 2008

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients
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Most Suitable PatientsMost Suitable Patients
•• Liver confined disease Liver confined disease 
•• Not appropriate for other standard local therapiesNot appropriate for other standard local therapies
•• > 700 cc uninvolved liver> 700 cc uninvolved liver
•• No cirrhosis or active hepatitisNo cirrhosis or active hepatitis

ff fff f•• NonNon--diffuse, focal, < 5 tumorsdiffuse, focal, < 5 tumors
•• < 8 cm diameter metastases< 8 cm diameter metastases
•• Breathing motion < 10 mmBreathing motion < 10 mm
•• Tumors not adjacent to stomach or small bowelTumors not adjacent to stomach or small bowel

More Challenging PatientsMore Challenging Patients
•• Underlying cirrhosis or HepatitisUnderlying cirrhosis or Hepatitis

–– Treat viral Hepatitis preTreat viral Hepatitis pre--RTRT
•• < 700 cc uninvolved liver< 700 cc uninvolved liver

> 5 non focal tumors> 5 non focal tumors•• > 5 non focal tumors> 5 non focal tumors
•• > 8 cm diameter tumors> 8 cm diameter tumors
•• Breathing motion > 10mmBreathing motion > 10mm
•• Tumors close to stomach or small bowelTumors close to stomach or small bowel

Location: Location: Lowest Risk to Higher RiskLowest Risk to Higher Risk

•• Lowest risk:  Away from stomach, bowel, Lowest risk:  Away from stomach, bowel, 
caudate lobe, capsule, gall bladdercaudate lobe, capsule, gall bladder

•• Low risk:  Away from stomach, bowel, Low risk:  Away from stomach, bowel, 
caudate lobe, capsule caudate lobe, capsule 

Location: Location: Lowest Risk to Higher RiskLowest Risk to Higher Risk

•• Low risk:  Away from stomach, bowel Low risk:  Away from stomach, bowel 

Location: Location: Lowest Risk to Higher RiskLowest Risk to Higher Risk

•• Risk of stomach and bowel toxicity: Near Risk of stomach and bowel toxicity: Near 
stomach and small bowelstomach and small bowel

Location: Location: Lowest Risk to Higher RiskLowest Risk to Higher Risk
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Ongoing External RT StudiesOngoing External RT Studies
•• RTOG phase I mets: 40RTOG phase I mets: 40--50 Gy in 10# (PI: Katz)50 Gy in 10# (PI: Katz)
•• Ph II: RT in CRC metastases (PI: Dawson)Ph II: RT in CRC metastases (PI: Dawson)
•• Ph II: RT in HCC (PI: Dawson)Ph II: RT in HCC (PI: Dawson)
•• Ph I: RT + sorafenib in HCC (PI: Dawson)Ph I: RT + sorafenib in HCC (PI: Dawson)

Ph I RT f ib i t (PI D )Ph I RT f ib i t (PI D )•• Ph I: RT + sorafenib in mets (PI: Dawson)Ph I: RT + sorafenib in mets (PI: Dawson)
•• Randomized Ph II : sorafenib +/Randomized Ph II : sorafenib +/-- RT for HCC    RT for HCC    

(PI: Dawson, RTOG)(PI: Dawson, RTOG)

•• Ph III : SBRT (12 Ph III : SBRT (12 –– 16Gy x 3) vs RFA for 16Gy x 3) vs RFA for 
unresectable CRC liver mets < 4cm                         unresectable CRC liver mets < 4cm                         
(PI: Hoyer(PI: Hoyer-- Denmark, MendezDenmark, Mendez-- Netherlands) Netherlands) 

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

9090Y Radioembolization DevicesY Radioembolization Devices
•• TheraSphere®TheraSphere®
•• MDS Nordion, CanadaMDS Nordion, Canada
•• GlassGlass
•• YttriumYttrium--9090
•• Size = 25 micronsSize = 25 microns

# h /t 1 2# h /t 1 2 88

•• SIRSIR--Spheres®Spheres®
•• Sirtex Medical, AustraliaSirtex Medical, Australia
•• ResinResin
•• YttriumYttrium--9090
•• Size = 35 micronsSize = 35 microns

•• # spheres/tx = 1.2# spheres/tx = 1.2--8 8 
millionmillion

•• FDA approved for FDA approved for 
HCCHCC

•• European approval for European approval for 
liver cancerliver cancer

•• # spheres/tx = 0# spheres/tx = 0--30 million30 million
•• FDA approved for colon FDA approved for colon 

liver metastasesliver metastases
•• European approval for European approval for 

liver cancerliver cancer

Physical half life 64 hr

Penetration range: Ave  2.5 mm, max 10 mm

Workup algorithmWorkup algorithm
 Review of caseReview of case--cirrhosis, portal HTN, cirrhosis, portal HTN, 

tumour burdentumour burden
 Angiographic evaluationAngiographic evaluation--shuntingshunting

 Tc99mTc99m--MAAMAA
 coil embolization of vesselscoil embolization of vessels

Dose calculation based on target liverDose calculation based on target liver Dose calculation based on target liver Dose calculation based on target liver 
volume (lobe/segment)volume (lobe/segment)
 8080--150 Gy, wide range allows for 150 Gy, wide range allows for 

flexibility in treatmentflexibility in treatment
 Typical treatment range is 100Typical treatment range is 100––120 Gy120 Gy

 2 treatments using lobar/segmental 2 treatments using lobar/segmental 
approachapproach

Liu et al JVIR 2005 Lewandowski et al CVIR 2007 Salem et al TVIR 2007

Potential Complications and SolutionsPotential Complications and Solutions

1) Gastrointestinal1) Gastrointestinal
 Gastritis ===> Gastritis ===> Proton pump inhibitorsProton pump inhibitors
 Ulceration   ===> Ulceration   ===> lobar approach (lobar approach (distal to distal to 

collaterals)collaterals)

2) Abd i l P i P ti2) Abd i l P i P ti2) Abdominal Pain Prevention2) Abdominal Pain Prevention
 Burning ===> Burning ===> prophylactic embolization/identification prophylactic embolization/identification 

of collateralsof collaterals

3) Fatigue ===> 3) Fatigue ===> 55--7 day steroid dose pack7 day steroid dose pack

4) Dose Selection4) Dose Selection
 Wide range ===> Wide range ===> segmental infusionsegmental infusion
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•• Liver sparing viaLiver sparing via
–– Hepatic arterial deliveryHepatic arterial delivery
–– Subsegmental delivery versus whole liverSubsegmental delivery versus whole liver
–– Rapid fall off in dose (ave range Rapid fall off in dose (ave range  2.5 mm)2.5 mm)

Hepatic Arterial YttriumHepatic Arterial Yttrium--90 Microspheres90 Microspheres

Kennedy, et al.  IJROBP 60(5), 2004

100 Gy

Histology Monte Carlo dosimetry 

Y90 
spheres 
around and 
in HCC

•• 35 patients with a total of 38 lesions who 35 patients with a total of 38 lesions who 
d t li l t tid t li l t ti ft Yft Y 9090underwent liver explantationunderwent liver explantation after Yafter Y--9090

•• 90% of lesions < 3cm complete necrosis90% of lesions < 3cm complete necrosis
•• Less chance of complete necrosis with Less chance of complete necrosis with 

increasing tumor sizeincreasing tumor size
–– Increased chance of ‘cold spot’ with larger tumorsIncreased chance of ‘cold spot’ with larger tumors

Riaz et al Hepatology 2009Riaz et al Hepatology 2009

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

Excellent Excellent 
Response 6 Response 6 

monthsmonths

•• 74 CRC patients 74 CRC patients 
d i d td i d t

Randomised trial of SIRRandomised trial of SIR--
Spheres plus hepatic Spheres plus hepatic 

arterial FUDR vs. FUDR arterial FUDR vs. FUDR 
alone for patients with alone for patients with 
CRC liver metastases CRC liver metastases 

Time to Progression

randomised to                randomised to                
Y90 + FUDR vs FUDRY90 + FUDR vs FUDR

•• Response: 50 % vs 24%Response: 50 % vs 24%
•• TTP: 12 vs 7.6 monthsTTP: 12 vs 7.6 months

Gray et al, Ann Oncol 2001Gray et al, Ann Oncol 2001Gray et al, Ann Oncol 2001Gray et al, Ann Oncol 2001

Survival

Van Hazel Randomized Phase IIVan Hazel Randomized Phase II

•• 11stst line liver metastases from CRCline liver metastases from CRC
•• 5FU/leucovorin (n=10) +/5FU/leucovorin (n=10) +/-- SIRT (n=11)SIRT (n=11)
•• Best response: 8 PR 3 SD vs 0 PR 6 SD 4 Best response: 8 PR 3 SD vs 0 PR 6 SD 4 

PD PD 
•• Time to progression: 18.6 mo vs 3,6 mo Time to progression: 18.6 mo vs 3,6 mo 

p<0.0005p<0.0005
•• Med survival: 29.4 mo vs 12.8 mo  p=0.02Med survival: 29.4 mo vs 12.8 mo  p=0.02

Van Hazel et al (Australia), J Surg Oncol 88:78Van Hazel et al (Australia), J Surg Oncol 88:78--85,200485,2004
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Belgium Randomized Phase IIIBelgium Randomized Phase III

•• ChemoChemo--refractory CRCrefractory CRC
•• 5FU infusion +/5FU infusion +/-- Y90Y90
•• 44 eligible patients randomized44 eligible patients randomized
•• Med fu 24.9 moMed fu 24.9 mo
•• Med TTP improved: 2.1 mos to 4.6 mos (p=0.03)Med TTP improved: 2.1 mos to 4.6 mos (p=0.03)
•• Med TTLP improved: 2.1 mos to 5.1 mos (p=0.003)Med TTLP improved: 2.1 mos to 5.1 mos (p=0.003)
•• Increased toxicity in 5FU alone armIncreased toxicity in 5FU alone arm

Van den Engel, ASCO 2009, #4096Van den Engel, ASCO 2009, #4096

•• 137 patients with chemorefractory liver metastases137 patients with chemorefractory liver metastases
•• WHO response rate: 42.8% (2.1% CR, 40.7 PR)WHO response rate: 42.8% (2.1% CR, 40.7 PR)
•• Biologic tumor response rate: 87% (any decrease in tumorBiologic tumor response rate: 87% (any decrease in tumor

Sato et al Radiology 2008

•• Biologic tumor response rate: 87% (any decrease in tumor Biologic tumor response rate: 87% (any decrease in tumor 
size)size)

•• Median survival:Median survival:
–– colorectal: 15.2 mocolorectal: 15.2 mo
–– neuroendocrine: 25.9 moneuroendocrine: 25.9 mo
–– nonnon--colorectal, noncolorectal, non--neuroendocrine: 6.9 moneuroendocrine: 6.9 mo

Change from baseline in cross product of Change from baseline in cross product of 
lesions following therapylesions following therapy

Survival Analysis(Cont..)Survival Analysis(Cont..)
NN Median in daysMedian in days 11--Yr Survival Yr Survival 

(%)(%)
22--Yr Survival Yr Survival 

(%)(%)
PP--valuevalue

Angiographic Angiographic 
VascularityVascularity

HyperHyper

HypoHypo
108108

2929

300300

261261

48.548.5

47.947.9

25.925.9

32.832.8

0.95460.9546

CT VascularityCT Vascularity

HH 2424 306306 47 647 6 30 530 5

0.67120.6712

HyperHyper

HypoHypo

2424

113113

306306

284284

47.647.6

48.348.3

30.530.5

31.131.1

>4 Lesions>4 Lesions

YesYes

NoNo

9191

4646

234234

632632

37.437.4

68.668.6

28.428.4

38.138.1

0.01260.0126

Tumor BurdenTumor Burden

00--25%25%

2626--50%50%

5151--75%75%

>> 76%76%

109109

2121

77

00

506506

181181

158158

--

54.654.6

33.233.2

00

--

35.835.8

22.122.1

00

--

0.00050.0005

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

•• RCT in resected HCCRCT in resected HCC
–– N=74N=74
–– Hepatic arterial IHepatic arterial I--131 Lipiodol versus no further 131 Lipiodol versus no further 

therapytherapy
3 yr DFS improved from 36% to 74% p=0 043 yr DFS improved from 36% to 74% p=0 04

Hepatic Arterial IodineHepatic Arterial Iodine--131 Lipiodol131 Lipiodol

–– 3 yr DFS improved from 36% to 74%, p=0.043 yr DFS improved from 36% to 74%, p=0.04
–– 3 yr survival improved from 46% to 86%, p=0.043 yr survival improved from 46% to 86%, p=0.04

•• UnderpoweredUnderpowered

* Lau, Lancet 353, p797, 1999 
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Study 

No of HCC 
Patients   

  
Survival 

    

Dancey et al 2000 20  Median = 54 weeks 
    
Carr 2004 65  Okuda I (n=42) Median = 649 d 
   Okuda II (n=23) Median = 302 d 
    

Hepatic Arterial YttriumHepatic Arterial Yttrium--90 90 -- HCCHCC

Geschwind et al 
2004 

80  Okuda I (n=54) Median = 628 d 
Okuda II (n=26) Median = 384 d 
CLIP 0 (n=26) Median = 812 d 
CLIP 1-2 (n=41) Median = 452 d 
CLIP > 2 (n=13) Median = 216  d 

    
Liu et al 2004 11  Okuda II (n =7) Median = 11 mo 

Okuda III (n=4) Median = 7 mo 
    
Salem et al 2004 43 

(86 tumors) 
 Okuda l (n=21) Median = 617 d  

Okuda II (n=22) Median= 315 d  

•• 121 HCC patients, from 5 institutions121 HCC patients, from 5 institutions
•• Identified highIdentified high--risk versus lowrisk versus low--risk patientsrisk patients
•• 5 high risk factors identified5 high risk factors identified

–– Infiltrative tumorInfiltrative tumor
–– AST/ALT > 5 ULNAST/ALT > 5 ULN

Goin et alGoin et al
Treatment of Hepatocellular Carcinoma with Intrahepatic Y90 Treatment of Hepatocellular Carcinoma with Intrahepatic Y90 

Microspheres: A Risk Stratification Analysis Microspheres: A Risk Stratification Analysis 
Journal of Vascular & Interventional Radiology 2005Journal of Vascular & Interventional Radiology 2005

–– Tumor burden > 50% and albumin < 3.0 g/dlTumor burden > 50% and albumin < 3.0 g/dl
–– Bilirubin > 2 mg/dlBilirubin > 2 mg/dl
–– Bulk diseaseBulk disease

•• Conclusions: Conclusions: 
–– Risk variables critical in identifying patients for Y90Risk variables critical in identifying patients for Y90
–– Low risk survival: 15.5 mosLow risk survival: 15.5 mos
–– High risk survival: 3.6 mosHigh risk survival: 3.6 mos

Survival of Patients in Low and High Risk Survival of Patients in Low and High Risk 
GroupsGroups

Figure 1: Kaplan-Meier Survival Plots: Low and High Risk Groups
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Survival from First Treatment Through March 1, 2004 by Risk Group
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Pre treatment Pre treatment 
AFP AFP  22002200

1 month post 1 month post 
treatment treatment 

AFP AFP 130130

Courtesy of Riad Salem, Chicago

Pre treatment Pre treatment 
AFP AFP  22002200

6 months post 6 months post 
treatment treatment 

AFP AFP  4.54.5

Courtesy of Riad Salem, Chicago
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PORTAL VEIN THROMBOSISPORTAL VEIN THROMBOSIS

Pre Tx: AFP Pre Tx: AFP 
13681368

36 months 36 months 
post Tx: AFP post Tx: AFP 

9.59.5 Courtesy of Riad Salem, Chicago

•• 108 HCC patients108 HCC patients
–– 37 with PVT37 with PVT

71 ith t PVT71 ith t PVT–– 71 without PVT71 without PVT
–– Analyzed toxicities based on:Analyzed toxicities based on:

•• Child Pugh in cirrhoticsChild Pugh in cirrhotics
•• DoseDose
•• Location of PVTLocation of PVT

–– Assessed overall survivalAssessed overall survival

Kulik et al Hepatology Jan 2008 Kulik et al Hepatology Jan 2008

OutlineOutline
•• RationaleRationale
•• External Beam Radiation TherapyExternal Beam Radiation Therapy

–– MetastasesMetastases
H t ll l iH t ll l i–– Hepatocellular carcinomaHepatocellular carcinoma

–– Most suitable patientsMost suitable patients
•• Internal Radiation TherapyInternal Radiation Therapy

–– MetastasesMetastases
–– Hepatocellular carcinomaHepatocellular carcinoma
–– Most suitable patientsMost suitable patients

Patient Selection Criteria

• Non-Infiltrative disease

• AST/ALT < 5 x ULN

• Tumor Volume < 50%

• Albumin > 3 g/dL

• Bilirubin < 2 mg/dL

• Good performance status

• Appropriate vascular anatomy

• <20-30% hepatopulmonary shunting

• Able to embolize aberrant vessels

Goin et al, Factors Associated with Liver Toxicities, JVIR, 2005
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ConclusionsConclusions
•• High dose conformal RT and internal RT can High dose conformal RT and internal RT can 

be delivered safely to unresectable liver be delivered safely to unresectable liver 
metastases and hepatocellular carcinomametastases and hepatocellular carcinoma

•• Sustained local control is possibleSustained local control is possible
•• Optimal integration of RT with other therapies Optimal integration of RT with other therapies p g pp g p

unknownunknown
•• Quality assurance and education important Quality assurance and education important 

for both external and internal RTfor both external and internal RT
•• MultiMulti--disciplinary team requireddisciplinary team required
•• Strong rationale and need for randomized Strong rationale and need for randomized 

trialstrials
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