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LIVER and SABR 

Primary Tumor Metastases 
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CLINICAL  ASPECTS 

• Metastatic disease to the liver is a common life-threatening 

complication encountered by cancer patients. Among patients who 

die of cancer, 30–70% have liver metastasis at autopsy 

  

• Most common primary sites are lung, breast, colon-rectum and 

uterus  

 

• Synchronous or metachronous 

Hugh et al, Aust NZ J Surg 1997 
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•  Majority of liver metastases initially clinically silent and 

symptoms present at a late stage 

 

• Imaging techniques, like CT scan or MRI, can detect liver 

metastases earlier in asymptomatic patients with advanced stages 

 

• A subset of patients who present with solitary or limited number 

of liver lesions show improved survival after surgical excision 

Sharma et al, Journal of HBP Surgery 2008 

Hugh et al, Aust NZ J Surg 1997 

CLINICAL  ASPECTS 
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• Patients with resected metastatic colorectal 
cancer have 5-year survival rates of 25–60% 

 
• Surgery has a positive impact on survival  
 

 
• Surgery is technically difficult and only 20% 
of metastatic colorectal cancer patients are 
candidates for surgical resection 

 

What kind of ablative options are 
available for the remaining 80%? 

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

Simmonds P.C. et al. (2006) Br.J.Cancer  

SURGERY 
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LOCAL THERAPEUTIC APPROCHES 

• In selected patients with a limited number of 

hepatic metastases who are not surgical candidates, 

a variety of ablative techniques have been 

developed.  

 

• The most prominent in use are radiofrequency 

ablation (RF), transarterial chemoembolization 

(TACE), percutaneous ethanol injection (PEI).  

 

• Although much less invasive than surgery, all of 

them have some grade of invasiveness and serious 

limitations (large lesions, portohepatic region). 
Meij et al, World Journal of Surgical Oncology 2005 

Kemeny N. et al, Oncology 2006 
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Pan CC, Kavanagh BD, Dawson LA, Int J Radiat Oncol Biol Phys, 2010 (suppl) 

• The major dose-limiting concern in the use of SBRT for liver tumors is 

the risk of radiation-induced liver disease (RILD) 

 

• RILD is a clinical syndrome characterized by anicteric hepatomegaly, 

ascites, elevated liver enzymes (particularly alkaline phosphatase) 

occuring 2 weeks to 4 months after radiotherapy   

 

Tai et al, IJROBP 2009 - Sawrie et al, Cancer Control 2010 

Liver SBRT: Is it feasible? 
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• Liver obeys the parallel architecture model of radiobiology, so the risk of 

RILD is generally proportional to the mean dose of radiation delivered to 

normal liver tissue 

 

• It should be possible to safely treat small hepatic lesions with high doses of 

radiation by using SBRT, with adequate dose constraints for normal liver  

(minimum volume of 700mL should receive a total dose less than 15 Gy) 

2010 

Liver SBRT: dose-volumetric parameters 
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 Lesions diameter ≤ 3 cm 2-year LC = 100%  

 Lesion diameter > 3cm 2 year LC =77%  

Correlation between local control and diameter > 3cm 

Liver SBRT: Is it effective? 

 Rusthoven JCO 2009 
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2011 

Patients with colorectal liver metastases from 3 institutions were included if 

they had 1 to 4 lesions, received 1 to 6 fractions of stereotactic body 

radiotherapy, and had radiologic imaging 3 months post-treatment. 

 

 

Sixty-five patients with 102 lesions treated from August 2003 to May 2009 

were retrospectively analyzed. Forty-seven (72%) patients had ≥1 

chemotherapy regimen before stereotactic body radiotherapy, and 27 

(42%) patients had ≥ 2 regimens. 

Liver SBRT: Is it effective? 



6 

11 

The median dose was 42 gray (Gy; range, 22-60 Gy). When evaluated 

separately by multivariate analysis, total dose (P ¼ .0015), dose/fraction (P 

¼ .003), and BED (P ¼ .004) all correlated with local control by lesion. 

For a 3-fraction regimen of stereotactic body radiotherapy, a prescription 

dose of  ≥ 48 Gy should be considered, if normal tissue constraints allow. 

Liver SBRT: Is it effective? 

LIVER METASTASES and SABR 

12 

Nair et al. World J Radiol 2014 February 28; 6(2): 18-25 

Liver SBRT: Is it effective? 
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END POINTS: 

 

PRIMARY:  in-field local control 

 

SECONDARY:  toxicity and overall survival 

INCLUSION CRITERIA: 

•  Inoperable or medically unsuitable for resection 

•  Maximum tumor diameter < 6cm 

•   3 discrete lesions 

•  Performance status 0-2 

•  Good compliance to treatment 

2013 

LIVER METASTASES: ICH Experience 
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Dose/fraction Number 
fractions Total Dose 

Standard dose 25Gy 3 75 Gy 

 

Dose 

reduction 10%  

 

22.5 Gy 3  67.5 Gy 

Dose 

reduction 20% 

 

20. 63 Gy 

 

3  61.89 Gy 

 

Dose 

reduction 30% 

 

18.75 Gy 3  56.25 Gy 

Liver SABR:  prescription dose 
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ORGAN 
Dose-Volume 

Limits  

Other 

Conditions 

Healthy liver (defined 

as total liver volume 

minus cumulative 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 intestine 

< 21 Gy in 3 F  

(also for 

minimum 

volumes) 

Patients with 

GTV < 8 mm 

from the heart, 

stomach, 

duodenum and 

small intestine to 

be excluded 

Heart <30 Gy in 3 F  

Ribs  V30 Gy <30cc 

Liver SABR:  dose constraints 
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Patients characteristics Value 

No. of patients 61 

Age (y) 65 (range 39 – 87) 

Sex (male:female) 26:35 

Baseline KPS > 90 

Prior liver-directed therapy 45% (28 pts) 

Primary site 29   Colon 

11   Breast 

  7   Gyn 

 14   Other sites 

Extrahepatic disease 34% (21 pts) 

Patient characteristics  
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Treatment 

charateristics 

Value 

No. of lesions 76 

Diameter ≤ 3cm 45 (60%) 

Diameter > 3cm 31 (40%) 

No. of lesions per 

patient 

1 for 48 pts   (79%) 

2 for 11 pts   (18%) 

3 for   2 pts   (  3%) 

Dose prescription  Lesions 

Full dose 75 Gy 62   (82 %) 

90%   6    (8 %)  

80%   4    (5 %) 

70%   4    (5 %) 

Treatment characteristics  

18 

Median FU 12 months    

47.4 %

21 %

26.3 %

5.3 %

Pattern of response

CR (n.36)

PR (n.16)

SD (n.20)

PD (n.4)

Lesions

Local Control 
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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) 

Median FU 12 months    

Actuarial Local 

Control: 

 

 6 months=100% 

 12 months=94% 

 22 months =91%  

Local Control 

20 

Median OS rate was 19 months  

 Actuarial OS 

 

 12 months= 84%    

 18 months= 65%  

Overall Survival 



11 

21 

NO RILD 

ACUTE TOXICITY: 

• G2 toxicity (vomiting, skin erythema and pain) 4%  

• G2 transient transaminase increase 26%  

• No G3-G4 or G5 toxicity observed 

LATE TOXICITY: 

One case of G3 chronic chest wall pain 

Toxicity 

22 

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 

SABR liver: 25Gy x 3; 10FFF; DR 2400  

MU:3216+3527+563 

BOT: 174s(80+82+14s) 

LIVER METASTASES 
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LIVER METASTASES 

Clips as  

fiducial markers 

24 

LIVER METASTASES 

Markers 
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LIVER METASTASES 

PET –CT pre-treatment, 

CEA 72 

PET –CT post-treatment 

CEA 2.2 

Patient treated with SABR for local relapse after hepatic surgery for 

colorectal metastasis 
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LIVER METASTASES 

PET before SABR 

RapidArc 

1 isocentre 

1 arc 

Jaw tracking 

MU:5103 

BOT:130s 

PET after 6 months 

 FU: SABR 25Gy x 3; 10FFF; DR 2400. 
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2014 

Purpose To evaluate the feasibility and efficacy of 

stereotactic body radiation therapy (SBRT) in the 

treatment of colorectal liver metastases. 

LIVER METS FROM COLORECTAL CANCER 

28 

No. of Patients 42 

Mean age (range) 67  (43-87) 

Gender (M:F) 36:6 

No. of treated lesions: 52 

No. of liver lesions/pts: 

1 34 (81%) 

2 5 (12%) 

3 3 (7%) 

Size of lesions 

≤ 3 cm 28 (55%) 

> 3 cm 24 (45%) 

Total Dose / Frs 75Gy/3fr 

Patient and treatment characteristics  
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Results Median follow-up was 24 (range 4–47) months. The progression in field was observed in 

5 lesions. Twenty four months actuarial local control (LC) rate was 91 %. 

Median overall survival (OS) was 29.2 ± 3.7 months. Actuarial OS rate at 24 months was 65%.  

Median  progression free survival was 12.0 ± 4.2 months; 24 months actuarial rate was 35 %.  

No patients experienced radiation-induced liver disease or grade ≥3 toxicity. 

Conclusions SBRT represents a feasible alternative for the treatment of colorectal liver metastases 

not amenable to surgery or other ablative treatments in selected patients, showing optimal LC and 

promising survival rate. 

LIVER METS FROM COLORECTAL CANCER 

30 

Patient treated with SBRT for two liver colorectal metastases. a–d Positron emission tomography (PET) pre-treatment image 

showing the lesions, defined by metal surgical clips. b–e Visualization of dose distribution on the planning target volume. c–f PET-

CT image at 3 months after radiation therapy, showing complete metabolic response 

Clinical Experience 
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LIVER METS FROM COLORECTAL CANCER 

75 Gy  

3 fractions 

1 isocenter 

2 arcs 

2945+2945 MU 

10FFF 

BOT 2.5 min 

32 

Conclusions 

Future directions: 

1. Selection of patients with favourable 

prognosis to evaluate the impact on survival 

2. Comparative RCTs with other local 

procedures (RF, TACE) 

3. Association with chemo\target therapy 

Current evidence 

Feasibility: Non invasive and low toxicity 

Efficacy: Optimal local control rate 
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LIVER and SABR 

Primary Tumor Metastases 

34 

2012 

HCC is a leading cause of global cancer death. Curative therapy is not an option for most patients, 

often because of underlying liver disease.  

 

Experience in radiation therapy (RT) for HCC is rapidly increasing. Conformal RT can deliver 

tumoricidal doses to focal HCC with low rates of toxicity and sustained local control in HCC 

unsuitable for other locoregional treatments.  

 

 

Stereotactic body RT and particle therapy have been used with long-term control in early HCC or as a 

bridge to liver transplant. RT has also been effective in treating HCC with portal venous 

thrombosis.  

HCC: Evidence in Radiation Therapy 
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Jonathan Klein and Laura A. Dawson, Int J Rad Onc Biol Ph. 2012 

BCLC staging system 

Lee et al.Gut and Liver, Vol. 6, No. 2, April 2012 

BCLC Stages and Results of Radiotherapy 



19 

Author, 

(reference)  

Design study. 

  

Pts CTPc Dose 

 (Gy/ fr) 

FUP 

Median 

months 

Actuarial local 

Control (%) 

1-year   2-years 

Actuarial 

overall survivall 

(%) 1-year  2-

years 

PFS 

months 

Andolino, (1,4) 

Phase I- II   

36 A 48Gy/3fr 27  -               90%   75%           67% 20,4 

24 B 40Gy/5fr 

45Gy /6fr 

Dawson, (2) 

Phase II   

102 A/B 24-54Gy/6fr 31.4  87%            -  55%             - 6 

Iwata, (3) 

Phase II  

6 A/B 50 Gy/10 fr 14,5  94%            - 86%              -  - 

References. 

 

1. Andolino DL, Johnson CS, Maluccio M, Kwo P, Tector AJ, et al.: Stereotactic body radiotherapy for primary hepatocellular carcinoma. Int J Radiat 

Oncol Biol Phys 81, e447-453, 2011. 

2. Dawson LA. Sequential Phase I and II trials of stereotactic Body radiotherapy for locally advanced Hepatocellular carcinoma. JCO, 2013. 

3. Iwata H, Shibamoto Y, Hashizume C, Mori Y, Kobayashi T, et al.: Hypofractionated stereotactic body radiotherapy for primary and metastatic liver 

tumors using the novalis image-guided system: preliminary results regarding efficacy and toxicity. Technol Cancer Res Treat 9, 619-627, 2010. 

4. Cárdenes HR. Phase I feasibility trial of stereotactic body radiation therapy for primary hepatocellular carcinoma. Clin Transl Oncol (2010) 12:218-

225 

SABR for HCC 

 
 

PET/CT Pre SBRT PET/CT Post SBRT 

2014 

Methods: Twenty patients (22 lesions) were prospectively enrolled in a feasibility study. Dose 

prescription was 50Gy in 10 fractions. 

 

Results: Median follow-up time was 7.4 months (range: 3–13). All patients completed treatment 

without interruption.  

Mean actuarial overall survival was of 9.6 ± 0.9 months (95%C.L. 7.8-11.4), median survival was 

not reached; complete response was observed in 8/22 (36.4%) lesions; partial response in 

7/22 (31.8%), stable disease in 6/22 (27.3%), 1/22 (4.4%) showed progression.  

Toxicity was mild with only 1 case of grade 3 RILD and all other types were not greater than grade 

2. 

 

Conclusions: Clinical results could suggest to introduce VMAT-RapidArc as an appropriate 

SBRT technique for patients with HCC in view of a prospective dose escalation trial. 

HCC and RapidArc 
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PET/CT Pre SBRT PET/CT Post SBRT 

The radiological response for two 

patients at MR at 6 and 3 months 

after treatment.  

 

In both cases, a residual necrotic 

mass was detected in the position of 

the primary HCC without visible 

enhancing of any viable tumor 

residual. 

HCC and RapidArc 

Wang PM, Radiat. Oncol., 2014 
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SBRT for HCC  

unsuitable for standard locoregional therapies 

HCC: Humanitas Experience 
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HCC: Humanitas Experience 

INCLUSION CRITERIA: 

  Unsuitable for resection, TACE, RFA or alcohol ablation. 

  Maximum tumor diameter < 8cm 

   3 discrete lesions 

  Performance status 0-2 

  Child-Turgotte-Pugh A or B liver score 

  Absence of clinical ascites, encephalopathy, active hepatitis or gastric, duodenal or 

variceal bleed within 2 months of SABR start. 

 No concomitant chemotherapy. 

42 

Patients 

characteristics 

Value 

No. of patients 54 

Age (y) 72 (46–87) 

Sex (male:female) 39:15 

Baseline KPS > 90 

All patients had Child-Turcotte-Pugh class A or B disease 

Patient characteristics  

February 2011 and April 2014 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XTT0CahwAeoBpM&tbnid=ZpTCCLzAlr2P4M:&ved=0CAcQjRw&url=http://www.pharmastar.it/index.html?cat=32&id=14507&ei=QI0uVK_7AYXJPPbogLAN&psig=AFQjCNE-q0R9qJgxb2pnucQXfsUwji_7xg&ust=1412423338750414
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Dose prescription and 

fractionation were 

according to lesions size 

and liver function.  

Treatment charateristics Value 

No. of lesions 82 

No. of lesions per patient 1 for 31 pts (57%) 

2 for 18 pts   (34%) 

3 for 5 pts   (9%) 

Dose prescription  Lesions 

48-75 Gy/3fr 30   (37 %) 

36-45 Gy/6fr 33   (40 %)  

40-50 Gy/10fr 19   (23 %) 

Treatment characteristics  
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Actuarial LC: 

 7 months 85% 

 12 months 74% 

Median FU 7 months (range 3-39) 

Local Control 
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Regimens with Equivalent Dose >100Gy in 3 and 6 fractions was a 

significant prognostic factors for LC (p<0.001) in univariate analysis. 

p<0.001 

Local Control 
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 Actuarial OS 

 

 12 months= 50% 

Median OS:  12 months 

Overall Survival 
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Univariate analysis showed that OS significantly decreased in the subgroup of 

patients with Cumulative GTV >5cm. 

Overall Survival 

p<0.008 
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SABR for HCC 

SABR HCC dose: 75 Gy /3 fr Beam 10 FFF Two arcs BOT = 03’:10’’   6178 MU 

CR after SABR: 

RapidArc Treatment plan  
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CT PET before SABR CT PET after SABR 

CR after SABR:  

CT-PET evaluation 

RapidArc Treatment plan 

SABR for HCC 
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SABR for HCC 

CT PET before SABR CT PET after SABR 

CR after SABR:  

CT-PET evaluation 

RapidArc Treatment plan 
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SABR for HCC 

SABR HCC dose: 50 Gy /10 fr   Beam 10 FFF Two arcs   BOT = 01’:40’’   1272 MU 

before SABR after SABR 

Partial remission after incomplete TACE plus SABR 

CT-PET evaluation 

RA Treatment plan 

52 

NO RILD 

ACUTE TOXICITY: 

•G3 transient transaminase increase 16% (9pts) 

• No G4 or G5 toxicity observed 

LATE TOXICITY: 

• Two patients had a decline in Child class 

Toxicity 
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Klein and Dawson, 

IJROBP 2012 

Challenges and Opportunities 

SABR  

Non invasive 
Low toxicity  

High dose per fraction 
High local control rate 
May improve survival  

TACE 

PEI 

RF 

CHEMO 

SURGERY 

Target therapy 

SIRT 

HIFU 

                           CONCLUSIONS 
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SBRT 

Chirurgia 

Chemioterapia 

Terapie locali 

THANKS 


