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Background 

•  The$liver$is$a$common$site$of$metastases$for$gastrointes2nal,$lung$and$
breast$cancers$

•  In$colorectal$cancer$30%$to$70%$of$pa2ents$will$develop$liver$metastases,$
o>en$isolated$$or$associated$with$limited$metasta2c$foci$of$disease.$

Hoyer, I. J. Rad Onc Biol Phys, 2012 
3.$Alongi$F,$Arcangeli$S,$Filippi$AR,$Ricardi$U,$ScorseE$M.$the$oncologist.$2012$

•  Early$diagnosis$of$metasta2c$disease$is$improved$and$prevalence$of$
oligometasta2c$pa2ents$is$increasing$
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•  Surgical$resec2on$of$CRC$liver$metastases$improves$overall$survival!

Fong$Y.$et$al.$(1995)$CA$Cancer$J.Clin.$$
Tomlison$JS$et$al.$(2007)$JCO$
Simmonds$P.C.$et$al.$(2006)$Br.J.Cancer$
Lam$VW$et$al.,$(2013)$J$Gastrointest$Surg.$$

•  The$ introduc2on$ of$ modern$ chemotherapy$ regimens$ has$ improved$ the$
PFS$and$only$minimally$the$OS,$with$a$limited$local$control$of$disease$$

CRC Liver metastases treatment: Surgery  

•  1$year$rates$of$90Z95%$$
•  5Zyear$rates$of$30Z60%$$
•  median$OS$of$40Z53$months$
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Clinical Score for Predicting Recurrence After Hepatic 
Resection for Metastatic Colorectal Cancer Analysis of 1001 

Consecutive Cases 

Fong$Y.$et$al.$(1995)$CA$Cancer$J.Clin.$$$

CRC Liver metastases treatment: Surgery  

1999 
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CRC Liver metastases treatment: Surgery  

2007 
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•  The$role$of$nonZCRC$liver$metastases$abla2on$was$o>en$controversial!

Non-CRC Liver metastases treatment  

Only$neuroendocrine$metastases$subgroup$had$a$be\er$prognosis$! ? 

2006 



7 Benevento$et$al$(2000)$J$Surg$Oncol$
Van$Ruth$(2001)$Eur$J$Surg$Oncol$

Non-CRC Liver metastases treatment  



8 Adam!R!et!al.!(2006)!Ann!Surg!!!

Non-CRC Liver metastases treatment  



9 Adam!R!et!al.!(2006)!Ann!Surg!!!

Non-CRC Liver metastases treatment  

2006 
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•  Only$10Z60%$of$pa2ents$were$
suitable$to$surgical$resec2on$
because$of$$

$$$$$Z$$technical$difficul2es$$
$$$$$Z$$unfavourable$tumour$factors$$
$$$$$Z$$pa2ents$coZmorbidi22es$$
!

Adam,$de$Gramont$(2012)$The$Oncologist.$
Fong$Y.$et$al.$(1995)$CA$Cancer$J.Clin.$$
Simmonds$P.C.$et$al.$(2006)$Br.J.Cancer$
Lam$VW$et$al.,$(2013)$J$Gastrointest$Surg.$$

Liver metastases treatment: RFA  
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•  Radiofrequency!abla<on!(RFA)!is!the!most!valid!alterna<ve!to!surgery:!
$$$$$$$$$Z$local$control$$rates$of$90Z98%$
$$$$$$$$$Z$1,$2$and$5Zyear$survival$rates$of$$87%Z70%$$and$34%,$$
$$$$$$$$$Z$median$overall$survival$of$25$months$$

Kemeny$N.$et$al,$Oncology$2006$
Shen$A$et$al,$J$Gastroenterol$Hepatol.$2013$$

•  Limits:!
$$Z$$lesions$higher$than$3$cm$of$diameter$
$$Z$$lesions$located$in$proximity$of$major$blood$vessels,$
main$$$$$biliary$tract,$gallbladder$or$just$beneath$the$
diaphragm$$

Liver metastases treatment: RFA  
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Kemeny$N.$et$al,$Oncology$2006$
Shen$A$et$al,$J$Gastroenterol$Hepatol.$2013$$

Liver metastases treatment: is there an alternative? 

•  Which! effec<ve,! safe! and! non! invasive!
alterna<ve!therapeu<c!op<on!for!60G80%!
of! oligometasta<c! pa<ents! unsuitable! to!
loca l ly! abla<ve! therapy! of! l iver!
metastases?$
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Liver metastases treatment: RT could be an alternative? 
 

The$ liver!<ssue! low!tolerance!to! irradia<on!
involves$ the$ risk$ of$ the$ radia2onZinduced$$
liver$disease$

RILD!(2$weeks$to$4$months$a>er$RT)$!
• anicteric$ascites$$
• eleva2on$ of$ alkaline$ phosphatase$ and$
liver$transaminases$
• liver$failure$
• death$

According to the radiobiological model 
and the liver parallel architecture….!

…$ The$ risk$ of$ RILD$ is$ propor2onal$ to$ the$
mean! radia<on! dose! delivered$ to$ normal$
liver$2ssue$

…It$ should$ be$ possible$ the$ safely$ liver$$
irradia2on$with$adequate$dose$constraints$
for$ normal$ liver$ (minimum! volume! of!
700mL! should! receive! a! total! dose! less!
than!15!Gy)$Tai$et$al,$IJROBP$2009$Z$Sawrie$et$al,$Cancer$Control$2010$

Pan$CC,$Kavanagh$BD,$Dawson$LA,$IJROBP,$2010$(suppl)$

Song,$Choi$et$al,$IJROBP$2010$$
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SBRT on Liver metastases: prospective trials  

Nair%et%al,%WJR%2014%%

significant heterogeneity 



15 Hoyer$et$al,$IJROBP$2012$$

Pa#ents(selec#on:(
•  Colorectal,!breast!and!lung!cancer!!
•  Number!less!than!5!!
•  Maximum!tumor!size!of!6!cm.!!
•  Good!performance!status!
•  Absence!or!stable!extrahepa<c!disease!
•  Adequate!hepa<c!volume!and!func<on!

SBRT on Liver metastases: significant heterogeneity 

Dose(prescrip#on:(
•  Ranged!from!14G30!Gy!in!1!frac<on!
•  Ranged!from!25!to!60!Gy!in!3G6!frac<ons!

Outcomes:(
•  1Gyear!LC!70G100%;!!!!!!2Gyears!LC!60%!to!90%!!
•  1Gyear!OS!!70G80%;!!!!!!2Gyears!OS!30G73%!
•  Toxicity!≥!G3!1!G!10%;!incidence!of!RILD!less!than!1%.!!
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SBRT on Liver metastases: dose and local control 

Correla<on!between!dose!prescrip<on!and!tumor!size!

Rusthoven$et$al.$(2009)$$JCO$

60 Gy /3 fr 

For! lesion! diameter! >! 3cm,! a! prescrip<on! dose! of! >60! Gy! should! be!
considered.!
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SBRT on Liver metastases: dose and local control 

Correla<on!between!dose!prescrip<on!and!local!control!

Chang$et$al.Cancer,$2011$
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SBRT on Liver metastases: dose and local control 

Correla<on!between!dose!prescrip<on!and!local!control!

Chang$et$al.Cancer,$2011$
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SBRT on Liver metastases: dose and overall survival 
Correla<on!between!dose!prescrip<on!and!OS!

Chang$et$al.Cancer,$2011$
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SBRT on Liver metastases: toxicity 

Hoyer$et$al,$IJROBP$2012$$

•  Toxicity!≥!G3!1!G!10%;!incidence!of!RILD!less!than!1%.!!
•  Toxicity!G2!included!!a!transient!hepa<c!transaminase!!
•  Duodenal!ulcera<on!and!intes<nal!perfora<on!were!observed!in!3!pa<ents!with!maximum!

doses!greater!than!30!Gy!in!3!frac<ons!to!the!duodenum!and!bowel.!
•  One!case!of!Grade!3!so_G<ssue!toxicity!was!observed!for!dose!of!48!Gy!in!3!frac<ons!to!a!

subcutaneous!<ssue!.!!
•  In!2!pa<ents,!nontrauma<c!rib!fractures!were!experienced!for!maximum!doses!of!51.8!Gy!and!

66.2!Gy!in!6!frac<ons!to!0.5!cm3!of!rib!.!!
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SBRT on liver metastases: Preliminay results of our Phase II Trial 

END(POINTS:(
PRIMARY:$$inZfield$local$control$
SECONDARY:$$toxicity$and$overall$survival$
$

INCLUSION(CRITERIA:(• $$Unresectable$• $$Maximum$tumor$diameter$<$6cm$• $$≤$3$discrete$lesions$• $$Performance$status$0Z2$• $$Good$compliance$to$treatment$

2013 
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Phase II trial of liver SBRT: Patients characteristics 

•   61 patients 
•   76 lesions 

Median!FU!12!months!!!!
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Phase II trial of liver SBRT: Patients characteristics 

Dose/!
frac<on!

!
Number!
frac<ons!

!

Total!
Dose!

Standard!dose! 25Gy! 3! 75!Gy!

Dose!reduc<on!
10%!! 22.5!Gy! 3! !67.5!Gy!

Dose!reduc<on!
20%!

!
20.!63!Gy!

!
3! !61.89!

Gy!

Dose!reduc<on!
30%! 18.75!Gy! 3! !56.25!

Gy!

ORGAN! DoseGVolume!Limits!! Other!
Condi<ons!

Healthy$liver$$
(total$liver$volume$minus$

cumula2ve$GTV)$
>$700$cm³$at$<$15$Gy$

Volume$of$
healthy$liver$$
>$1000$cc$

Spinal$cord$$ D$1cm³$<$18$Gy$$

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

Stomach,$
$duodenum,$$
small$intes2ne$

D$3cm³$<$21$Gy$$ distant$$by$
GTV$>$8$mm$

Heart$ D$1cm³$<30$Gy$$$

Rib$$ D30cm³$<30Gy$
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Phase!II!trial!of!liver!SBRT:!Simula<on!
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Phase!II!trial!of!liver!SBRT:!CT!Simula<on!and!Conebeam!CT!

Basal$ Arterial$phase$

Venous$phase$

Late$Venous$phase$
CB_CT$Day$I$ CB_CT$Day$III$
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Phase!II!trial!of!liver!SBRT:!4D!CT!
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Phase!II!trial!of!liver!SBRT:!SBRT!liver:!25Gy!x!3;!10FFF;!DR!2400!!

1$isocentre,$3$arcs$
Jaw$tracking$

PTV1&PTV2:$V95%=99.5%$
Spinal$cord:$Max$dose=17.3$Gy$
Stomach:$Max=21.0Gy,$Mean=9.5$Gy$
Liver:$Mean=15.5$Gy,$D15Gyfree=2811cc$ MU:3216+3527+563$

BOT:$174s(80+82+14s)$
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Phase!II!trial!of!liver!SBRT!



29 

Phase!II!trial!of!liver!SBRT!

PET!–CT!preGtreatment,!
CEA!72!

PET!–CT!postGtreatment!
CEA!2.2!

Pa<ent!treated!with!SBRT!for!local!relapse!a_er!hepa<c!surgery!for!
colorectal!metastasis$
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Phase!II!trial!of!liver!SBRT:!Local!Control!

A subgroup analysis for lesions with diameter 
≤ 3 cm compared with those >3 cm revealed 
no statistical differences in local control rates 
(p=0.90) 

Local!Control:!• $6$months=100%$• $12$months=94%$• $22$months$=91%$$

47.4$%

21$%

26.3$%

5.3$%

Pattern'of response

CR$(n.36)

PR$(n.16)

SD$(n.20)

PD$(n.4)

Lesions
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Phase!II!trial!of!liver!SBRT:!Overall!Survival!

OS:!!
12!months!=!84%!!!!
18!months=!65%!
!!

Median!OS:!19!months!

!!
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Phase!II!trial!of!liver!SBRT:!Toxicity!

NO!RILD!

ACUTE!TOXICITY:!
G!G2!toxicity!(vomi<ng,!skin!erythema!and!pain)!4%!$
G!G2!transient!transaminase!increase!26%!!
G!No!G3GG4!or!G5!toxicity!observed!

LATE!TOXICITY:!
G!One!case!of!G3!chronic!chest!wall!pain!
!



33 

SABR!on!liver!metastases!from!CRC:!Defini<ve!results!of!our!phase!II!
Trial!



34 

SABR!on!liver!metastases!from!CRC:!Defini<ve!results!of!our!phase!II!
Trial!
Pa<ents!!!!number! 42!
!
Mean!age!(range)y!
Sex!(M:F)!
Primary!
!!!!Colon!!
!!!!Rectum!!
TNM!Primary!Classifica<on!
!!!!T1!!!!!
!!!!T2!
!!!!T3!
!!!!T4!
!!!!N0!
!!!!N1G2!
!!!!M1!
!!!!!!!!!!!Only!liver!!!!!!!!!!!!
!!!!!!!!!!!Liver!and!lung!!!!!!!!!!!!!!!!!!!!
Timing!of!liver!metastases!
!!!Synchronous!(DFI!≤!12!months)!!!
!!!Metachronous!(DFI!>!12!months)!
Previous!local!treatments!
!!!Surgery!!
!!!RFA!or!other!!!
Systemic!treatments!!!!
!!!PreGSBRT!chemotherapy!
!!!PostGSBRT!chemotherapy!!
Time!of!SBRT!since!diagnosis!
!!!!!<12!mo!
!!!!!>12!mo!

!!
67!(43–87)!

!!!!!!!!!!!!!!!!!!!!!36:6!
!!

30!(71%)!
12!(29%)!

!!
2!(5%)!
9!(21)!

28!(67%)!
3(7%)!

21!(50%)!
21!(50%)!
17!(40%)!
15!(88%)!
!!2!(12%)!

!!
20!(47.6%)!
22!(52.4%)!!

!
17!(40%)!
4!(9.5%)!

!!
42!(100%)!
6!(14%)!

!!
3!(7!%)!
39!(93%)!!

Number of lesions treated  52 

  
Number of lesions for patients 
      1 
      2 
      3    
Size of lesions 
    < 3 cm 
    > 3 cm 
Mean volume (range) [cm3] 
    CTV 
    PTV 
  

  
  

34 (81%) 
5 (12%) 
3(7%) 

  
28 (55%) 
24 (45%) 

  
18.6 ± 22.03 (1.8-134.3) 

54.90 ± 41.90 (7.7-909.10)  

Median  FUP  24 months (4-48 months)!
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Phase!II!trial!of!SABR!in!CRC!liver!metastases:!Local!control!

95%  

90% 
85% 

1 - year LC = 95%  
 
2 – years LC = 90% 

3 – years LC = 85% 
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Phase!II!trial!of!SABR!in!CRC!liver!metastases:!ProgressionGfree!survival!

 Median PFS = 12 months.  

1 - year PFS =  50 % 

2 - years PFS =  35% 

3 – years PFS = 30% 
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Phase!II!trial!of!SABR!in!CRC!liver!metastases:!Overall!Survival!

 Median OS =  29 months  

66%  

83% 

38%  

•  1 - year OS = 83% 

•  2 - years OS =  66%  

•  3 - years OS = 38% 
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Phase!II!trial!of!SABR!in!CRC!liver!metastases:!Overall!Survival!
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Phase!II!trial!of!SABR!in!CRC!liver!metastases!
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Conclusion:!current!evidences!!

Lesion diameter$ Prescription Dose$

≤ 3 cm$ 48 - 60 Gy$

3-6 cm$ 60 – 75 Gy$

$Selec#on(criteria$ Pa#ents(categories$

Suitable$ Cau<onary$ Unsuitable$

Lesion!Number$ <$3$ 4$ >$4$

Lesion!Diameter$ 1Z3$cm$ >3$and$≤$6cm$ >$6cm$

Distance!from!OARs$ >8$mm$ 5Z8$mm$ <$5mm$

Liver!Func<on$ Child$A$ Child$B$ Child$C$

Free!Liver!Volume$ >1000cc$ <$1000cc$and$≥$700$cc$ <700$cc$
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Selec2on$of$pa2ents$with$favourable$prognosis$to$

evaluate$the$impact$on$survival$
$
Compara2ve$RCTs$with$other$local$procedures$(SR$and$RF)$
$
Associa2on$with$chemo\target$therapy$
$

Conclusion:!future!direc<ons!!
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Thank you! 


