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LIVER&METASTASES&:&&

WHAT&IS&THE&STANDARD&OF&CARE?&

 
  
 
 

• The&most&common&metasta4c&lesion&in&the&liver&is&from&colorectal&adenocarcinoma&&&

&&(50%&colon&cancer&pts&with&liver&metastasis&at&diagnosis).&

• If&untreated,&3Gyear&survival&is&3%&with&no&survivors&at&the&5&year&4me&point.&
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Cho%!et!al,!Ann!Surg!2002!!

&

• Nega4ve&margins&liver&resecIon&resulted&in&5&years&survival&between&25&and&60%&
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Fong!et!al,!Ann!Surg!1999!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Rosen!et!al,!Ann!Surg!1992&



LIVER&METASTASES&:&&

WHAT&IS&THE&STANDARD&OF&CARE?&

 
  
 
 

• Liver&resecIon&&feasibility&&is&based&on:&
&
G limited&number&of&lesions,&

G &intrahepa4c&loca4ons&of&lesions,&

G &lack&of&major&vascular&involvement,&&

G absent&or&limited&extrahepa4c&disease,&&

G sufficient&func4onal&hepa4c&reserve&&
&

&
Thus,&the&paIents&considered&to&be&resectable&are&few&and&selected&(20%)&

& Altendorf:Hofmann!et!al,!Surg!Oncol!Clin!N!Am!2003!



LIVER&METASTASES&:&&

WHAT&IS&THE&STANDARD&OF&CARE?&

&&

 
  
 
 

Local&opIons&for&pa4ents&(80%)&not&resectable&or&not&
candidates&for&liver&resec4on&&remain:&
&

• Radiofrequency&abla4on&(RFA)&
• Cryosurgical&abla4on&&
• Transasterial&chemoGemboliza4on&(TACE)&
• Percutanoeous&Ethanol&Injec4on&(PEI)&
• High&Focused&Ultrasound&abla4on&(HIFU)&
• Inters44al&radia4on&therapy&

Pawlik,!et!al,!Ann!Surg!onco!2003!
Bageacu!et!al,!Eur!J!Surg!Oncol!2007!

Garcea!G,!Eur!J!Cancer!2003!!
&

&
However,&these&are&(mini)&invasive&approaches,&technically&&limited&by&
several&factors&(distance&to&vessels&or&OARs,&size&<3cm,&number,&etc)&

&



LIVER&METASTASES&:&&

WHAT&ABOUT&RT??&

&&

 
  
 
 

&

• Historically,&hepa4c&radiotherapy&has&been&limited&due&to&the&low&tolerance&of&
the&whole&liver&to&radia4on&and&the&poten4al&for&radia4on&induced&liver&disease&
(RILD).&

Park!et!al,!Int!J!Radiat!Oncol!Biol!Phys!2002!
Tai!et!al,!Int!J!Radiat!Oncol!Biol!Phys!2009!

!
&



STEREOTACTIC!BODY!RT(SBRT):&&
HIGH&TECH&REVOLUTION&

PRECISION!DEVISES!TO!DELIVERY!SBRT/SRS!

!
With&new&technology&devices,&now&is&possible&to&delivery&high&(ablaIve)&doses&to&small&volumes&

(SRS&and&SBRT/SABR)&
&



˝Our&impression&at&present&is&that&SRT&with&highGdose&frac4ons&may&not&only&be&of&

clinical&value&for&paIents&with&intracranial&metastases&but&also&for&some&pa4ents&

with&extracranial&lesions˝.&

ABLATIVE!(SB)RT:!!
FROM!BRAIN!STEREOTAXIS!TO!NEW!INDICATIONS!

Blomgren!H,!Acta!Oncol!1995;!34(6):!861:70!



OLIGOMETASTASES:!!
THE!NEW!PARADIGMA!FOR!ABLATIVE!DOSES!WITH!RT!



• In&terms&of&Radiobiology,!SBRT&/SABRT&may&add&
a&novel&mechanism&of&radia4onGinduced&damage.&

• At&higher&doses&per&frac4on&(abla%ve!doses),&
emerging&data&suggest&that&a&different&mechanism&
involving&microvascular&damage&begins&to&have&a&
substan4al&effect&on&the&tumor&cell&kill.&
Garcia!:!Barros!M.,!et!al.!Science,!2003!
!
Targe4ng&the&tumor&vasculature&for&oblitera4on&
with&highGdose&radia4on&may&be&beneficial&for&
tumor&control.&
&Fuks!and!Kolesnick,!Cancer!Cell!2005&&.&&
&

STEREOTACTIC!BODY!RT(SBRT):&&
BIOLOGICAL&RATIONALE&OF&ABLATION&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHAT&ARE&THE&RESULTS?&

Local&control&of&liver&metastases&using&SBRT&is&
encouraging,&with&rates&ranging&from&70%&to&
100%&at&1&year&and&60%&to&90%&at&2&years&

2012&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHAT&ARE&THE&RESULTS?&

Which&endpoints&should&be&considered&for&clinical&trials&of&RT&for&liver&metastases?&

Primary&endpoints&on&trials&on&abla4on&of&liver&
metastases&include:&
&
G survival,&&

GprogressionGfree&survival,&&
&
Gand&(not!only)!local!control!of&treated&tumors.&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHAT&ARE&THE&RESULTS?&RETROSPECTIVE&STUDIES&

Hoyer!et!al!Int!J!Radiat!Oncol!Biol!Phys!2012&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHAT&ARE&THE&RESULTS?&PROSPECTIVE&STUDIES&

Hoyer!et!al!Int!J!Radiat!Oncol!Biol!Phys!2012&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHAT&ARE&THE&RESULTS?&

Which&endpoints&should&be&considered&for&clinical&trials&of&RT&for&liver&metastases?&

SURVIVAL&

&
• 2)year&overall&survival&rates:&30%G83%,&with&occasional&longGterm&survivors&.&
&
• However,&outGofGfield&metasta4c&progression&develops&in&a&substan4al&propor4on&
of&pa4ents;&&

• Therefore,&there&is&a&strong&ra4onale&to&combine!SBRT!with!systemic!treatments.&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

WHO&ARE&THE&CANDIDATES?&

Hoyer!et!al!Int!J!Radiat!Oncol!Biol!Phys!2012&

• No!randomized!Phase&III&(SABR&vs&Surgery)&data&
have&been&reported.&&

• There&is&significant!heterogeneity!concerning:&&
Gpa4ent&selec4on&(CRC&vs.&other&primary&subtypes),&
Gtumor&volumes,&&
Gtotal&dose,&dose&per&frac4on,&&
Gand&dosimetric&planning&criteria.&

Ideal&candidates&for&liver&metastasis&SBRT&shoud&have:&
G&a&good&performance&status&(Eastern&Coopera4ve&Oncology&
Group&0–1),&&
Gadequate&hepa4c&func4on,&&
G no&extrahepa4c&disease,&&
G an&uninvolved&liver&volume&of&700&mL&or&greater&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

HOW&WE&CAN&DO&IT?&

To&improve&the&accuracy&of&the&treatment&SBRT&involves:&

•  high&accuracy&and&precision&of&highly&conformal,&

•  &high)dose&RT,&delivered&in&a&limited&number&of&fracIons,&

•  immobilizaIon&and&moIon&management&

•  MulImodal&imaging,&IGRT,&advanced&planning,&
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WILD&MARGINS&INCREASE&THE&RISK&OF&TOXIC&EFFECTS&

Treatment&planning:&Treatment&volumes&

Tumor 

Margins 

&

!
IMOBILIZATION&AND&MOTION&MANAGEMENT&



MANAGEMENT&BY&ABDOMINAL&COMPRESSION&

2010 

IMOBILIZATION&AND&MOTION&MANAGEMENT&IMOBILIZATION&AND&MOTION&MANAGEMENT&



&&&&&&&4D)CT&

MANAGEMENT&BY&4DCT&

&

&

&&

2007&

IMOBILIZATION&AND&MOTION&MANAGEMENT&

Courtesy!of!M.!Scorse<!



&&&&TRACKING&

GATING&

IMOBILIZATION&AND&MOTION&MANAGEMENT&

MANAGEMENT&BY&TRACKING&OR&GATING&



IMOBILIZATION&AND&MOTION&MANAGEMENT&

MANAGEMENT&BY&REAL&TIME&TUMOR&TRACKING&

LINAC&INTEGRATED&DEVICES&
DEDICATED&ROBOTIC&LINAC&WITH&

INTEGRATED&TRECKING&SYSTEMS&



&&&&&&&4D)CT&

GATING&WITH&ACTIVE&BREATH&CONTROL&

&

&

&&

IMOBILIZATION&AND&MOTION&MANAGEMENT&

2006&

2012&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

HOW&WE&CAN&DO&IT?&

To&improve&the&accuracy&of&the&treatment&SBRT&involves:&

•  high&accuracy&and&precision&of&highly&conformal,&

•  &high)dose&RT,&delivered&in&a&limited&number&of&fracIons,&

•  immobilizaIon&and&moIon&management&

•  MulImodal&imaging,&IGRT,&advanced&planning,&
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&

&

&&

TARGET&EVALUATION&AND&MANAGEMENT&BY&&

CT&(3&phases)&and&PET&

2012&

MULTIMODAL&IMAGING&



PET–CT pre-treatment, PET–CT post-treatment 

PaIent&treated&with&SBRT&&

for&isolated&M+&(primary&colon)&

RapidArc-FFF beams  
on Truebeam 

MULTIMODAL&IMAGING&&&

PRECISION&OF&HIGHLY&CONFORMAL&



&CBCT&strongly&suggested&for:&
•  SRS&&&SBRT/SABR(without&

cranial/bodyG&frame&

CT&simGCBCT&matching&for&liver&SBRT&

IMAGE&GUIDE&RADIATION&THERAPY&

IGRT&by&CBCT&



• &Liver&obeys&the&parallel&architecture&model&of&radiobiology,&so&the&risk&of&RILD&is&more&dependent&on:&
&
GThe&mean&dose&of&radia4on&delivered&to&normal&liver&4ssue&(threshold&30&Gy,&with&an&incresing&risk&of&4%&per&Gy)&
GThe&criIcal&volume&irradiated&&(strong&“volume&effect”&es4mated&by&Lyman&NTCP&model)&
&

 Tarita et al  , J gastrointest Oncolo 2014 

CONTRAINTS&AND&PLANNING&

• It&is&possible&to&safely&treat&small&hepa4c&lesions&with&high&doses&of&radia4on&by&using&SBRT,&with&adequate&dose&
constraints&for&normal&liver&&(minimum&volume&of&700mL&should&receive&a&total&dose&less&than&15&Gy)&

&



CONSTRAINTS&AND&PLANNING&

ORGAN&
Dose)Volume&

Limits&&
Other&CondiIons&

Healthy&liver&(defined&as&
total&liver&volume&minus&

cumula4ve&GTV)&

>&700&cc&at&&
<&15&Gy&in&3&F&

The&volume&of&
healthy&liver&&&>&

1000&cc&

Spinal&cord&& <&18&Gy&in&3&F&

Kidneys&(R+L)& V15&Gy&<&35%&

Stomach,&duodenum,&
small&intes4ne&

<&21&Gy&in&3&F&&
(also&for&
minimum&
volumes)&

Pa4ents&with&
GTV&<&8&mm&from&

the&heart,&
stomach,&

duodenum&and&
small&intes4ne&to&

be&excluded&

Heart& <30&Gy&in&3&F&&

Rib& V30gy<2cc&

&

&&

Milano!!et!al,!Radiat!Oncol!2008!
Rusthoven!et!al,!JCO!2009!

Scorsea!et!al,!Int!J!Radiat!Oncol!Biol!Phys!2013!
&

It&appears&that&if&is&possible&to&adhere&to&the&“Liver&constraints”&used&in&
the&published&studies,&the&an4cipated&incidence&of&RILD&should&be&low&
&



RapidArc(VMAT)-FFF beams on TrueBeam 

CT-PET before SBRT 

CONSTRAINTS&AND&PLANNING&

CT-PET after 60 days    Planning CT 



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

..THUS,&WHAT&ABOUT&TOXICITIES?&

Hoyer!et!al!Int!J!Radiat!Oncol!Biol!Phys!2012&

• Severe&toxicity&(Grade&3&or&more)&is&uncommon.&&
• Toxicity&is&more&likely&in&pa4ents&receiving&a&high&dose&to&the&bowel&or&to&large&volumes&of&the&liver.&



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

HOW&WE&CAN&DO&IT?&

To&improve&the&accuracy&of&the&treatment&SBRT&involves:&

•  high&accuracy&and&precision&of&highly&conformal,&

•  &high)dose&RT,&delivered&in&a&limited&number&of&fracIons,&

•  immobilizaIon&and&moIon&management&

•  MulImodal&imaging,&IGRT,&advanced&planning,&
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LIVER&METASTASES&:&&

DOSE&ESCALATION&

&&

 
  
 
 

• Dose&escala4on&studies&with&frac4onated&regimens&of&abla4ve&radia4on&have&shown&that&&
A&DOSE&RESPONSE&EXIST.&

Park!et!al,!Int!J!Radiat!Oncol!Biol!Phys!2002!
Tai!et!al,!Int!J!Radiat!Oncol!Biol!Phys!2009&



&LIVER&STEREOTACTIC&BODY&RT:&

RADIOSURGERY(High&Single&dose)&

• 1995G1998:&The&earliest&reports&are&from&Stockholm&in&&50&pts&with&SRS&(14.2&Gy)!80%&LC&
@1.5G38&months&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

Blomgren!H.,!et!al!,!J!Radiosurg!1995!
!

• 2001:&Phase&IGII&study&from&Heidelberg&with&SRS&(14G26Gy)&&in&33&Pts!98%&LC&@&6&months&
and&81%&@&18&months&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Herfarth!KK!er!al!JCO!2001!
!
• 2006:&Experience&from&Wurzburg&26&Gy&in&39&pts&!&86%LC&@1&year&and&58%&@&2&years&

Wurf!et!al,!Acta!Oncologica!2006!
!

SRS&via&a&single)dose&is&a&feasible&method&for&
treatment&of&singular&inoperable&liver&
metastases&with&the&poten4al&of&a&high&local&
tumor&control&rate&and&low&morbidity&&



  2009 

95% 92% 

CorrelaIon&between&local&control&and&diameter&>&3cm&

&LIVER&STEREOTACTIC&BODY&RT:&

DOSE&ESCALATION&(60&Gy&in&3)&



2013 

95%&in&field&response&rates&

&LIVER&STEREOTACTIC&BODY&RT:&

DOSE&ESCALATION&(75&Gy&in&3)&

No&CorrelaIon&between&local&control&and&diameter&>&3cm&



Lesion&diameter& PrescripIon&Dose&

≤&3&cm& 48&G&60&Gy&

3G6&cm& 60&–&75&Gy&

&Selec%on!criteria& Pa%ents!categories&

Suitable& CauIonary& Unsuitable&

Lesion&Number& <&3& 4& >&4&

Lesion&Diameter& 1G3&cm& >3&and&≤&6cm& >&6cm&

Distance&from&OARs& >8&mm& 5G8&mm& <&5mm&

Free&Liver&Volume& >1000cc& <&1000cc&and&≥&700&

cc&

<700&cc&

PracIcal&IndicaIons&&

&LIVER&STEREOTACTIC&BODY&RT:&

DOSE&ESCALATION&

Scorsetti et al. SBRT in unresectable liver metastases. J gastointest Oncol 2014 



&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

HOW&WE&CAN&DO&IT?&

To&improve&the&accuracy&of&the&treatment&SBRT&involves:&

•  high&accuracy&and&precision&of&highly&conformal,&

•  &high)dose&RT,&delivered&in&a&limited&number&of&fracIons,&

•  immobilizaIon&and&moIon&management&

•  MulImodal&imaging,&IGRT,&advanced&planning,&
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&LIVER&STEREOTACTIC&(ABLATIVE&)&RT:&

HOW&WE&CAN&DO&IT?&

Heterogenous&&dose&distribu4on&inside&PTV&(SRS&style):&
• Max&dose&typically&&125%&or&higher&&
• hot&spot&risk&without&mo4on&management/no&IGRT&
• ripid&fallGoffced&planning,&

Homogeneous&&dose&distribu4on&inside&PTV(ICRU/IMRT&style):&
• max&dose&typically&&within&110%&or&less&
• no&hot&spot&risk&
• less&ripid&fallGoffced&planning,&

How&to&prescribe??&A&current&controversy..&

PTV&

PTV&
50% 

80% 

100% 

115% 
Hot spot 

125% 
Hot spot 

50% 

80% 

100% 



LIVER&STEREOTACTIC&ABLATIVE&RT(SBRT):&

HIGHLY&CONFORMAL&ON&DEDICATED&MACHINES&

&



LIVER&STEREOTACTIC&ABLATIVE&RT(SBRT):&

HIGHLY&CONFORMAL&ON&ADVANCED&LINAC&

&

60Gy&in&3&fracIons&
!!!!FFF!10!X!beams&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

Dose&rate&2400,&&&&&BOT!150!sec&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Mul4ple&arc&&&&&&&&&&&Jaw&tracking&



LIVER&STEREOTACTIC&ABLATIVE&RT(SBRT):&

HIGHLY&CONFORMAL&…&

&



LIVER&STEREOTACTIC&ABLATIVE&RT(SBRT):&

TAKE&HOME&MESSAGES&

&

• SBRT&is&technically&feasible&(with!dedicated!machines!but!also!with!Linacs)!

• Toxicity&is&acceptable&(if!contraints!are!respected..)!

• High&doses&and&dose&escala4on&are&effec4ve&(IGRT,&imobiliza4on,&High&conformal&delivery,..)&

• Local&control&is&high(85G100%).&Survival&is&encouraging&(30G85%)&

• Combina4on&with&(new?)&systemic&therapies&is&needed&in&prospec4ve&trials&

PLEASE,!NOT!ONLY!HIGH!TECHNOLOGY!!
….HIGH!EXPERTISE!IS!NEEDED!!!&



Thanks&for&your&akenIon&


