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Hepatocellular carcinoma (HCC) 
is the sixth leading cause of 
cancer globally (fifth in men 

and eighth in women) with 750,000 
new cases per year.1 Its global prognosis 
is very poor with only a 7% 5-year sur-
vival.1 Because of such a poor survival 
rate, at 696,000 deaths, it is currently the 
third leading cause of cancer mortality 
after lung and stomach cancer. Within 5 
years, global HCC mortality is expected 
to be second only to lung cancer.1 

In the United States (U.S.), while pri-
mary HCC is small at ~20,000 cases, it is 
one of the few U.S.-based cancers whose 
death rate is rising, primarily due an in-
crease in hepatitis C and obesity induced 
nonalcoholic steatohepatitis (NASH).3 

U.S. 5-year survival rates have improved 

only marginally in the past 40 years, 
from 4% in the early 70s to 14% cur-
rently,2 second only to pancreatic cancer, 
which has a 6% survival rate.

Eighty percent of HCC cases arise 
in developing countries and over 55% 
of all HCC cases are found in mainland 
China.1 Asia has a high incidence of 
chronic viral hepatitis infection (hepa-
titis B or C), which contributes to the 
high rate of HCC. Liver cirrhosis, a 
late-term effect of hepatitis infection, 
results in a 10-fold risk in HCC, hence 
the high Asian risk factor.1 Like lung 
cancer, HCC is a silent disease whose 
effects typically do not show up until 
late stage presentation. Early-stage di-
agnosis gives a poor 5-year survival of 
26%, whereas late-stage diagnosis gives 
a miserable 2% survival.2

Invasive therapies
Invasive therapies that can improve 

on the 5-year survival of HCC include 
resection and transplantation. Their 
improvement in 5-year survival rates 
range from 30% to 50% and 60% to 
70%, respectively. These surgical tech-
niques, first developed in 1949 and 
1967, are unfortunately eligible to < 

30% of HCC patients due to multiple 
factors, including tumor size and lo-
cation within the liver, vascular inva-
sion, and poor liver function.4

 Further, 
in several large key Asian societies, 
transplantation is neither culturally ac-
ceptable nor clinically practical.5 Some 
less invasive treatments include: percu-
taneous ethanol injection6

 (PEI), trans-
arterial chemo embolization7 (TACE) 
radiofrequency ablation8  (RFA) and 
yttrium-90 brachytherapy,9 but these 
are either only palliative or suffer from 
many of the same eligibility contraindi-
cations as surgery.

Treatment challenges
Treating the liver for HCC using any 

technique is a challenge for two rea-
sons. Firstly, it is two diseases in one: a 
chronic viral liver disease and a malig-
nancy resulting from that chronic liver 
destruction. Secondarily, the heteroge-
neity (etiology and prognosis) of those 
different diseases affects treatment and 
survival. 

Tumor stage and underlying liver 
function are both major determinants of 
the treatment selection as well as prog-
nosis in HCC patients, thus allowing no 

Stereotactic body radiation therapy 
(SBRT) for early-stage primary liver 
cancer (HCC)

Raymond A. Schulz, MSc, Calvin Huntzinger, MSc, Seth Blacksburg, MD, MBA,  
and Kenneth Rosenzweig, MD

Mr. Schulz is a Senior Downstream 
Marketing Manager, Varian Surgical 
Sciences, and Mr. Huntzinger is Senior 
Director, Varian Surgical Sciences, 
Varian Medical Systems, Palo Alto, CA; 
Dr. Blacksburg is an Assistant Pro-
fessor, Radiation Oncology, and Dr. 
Rosenzweig is Chairman and Professor 
of Radiation Oncology, Icahn School of 
Medicine at Mount Sinai, New York, NY.

SEE PAGE 3 FOR DETAILS



www.appliedradiationoncology                                  APPLIED RADIATION ONCOLOGY            n       13December  2013

SBRT FOR EARLY-STAGE PRIMARY LIVER CANCER

applied radiation oncology

CME

more than a 20% chance for potentially 
curative therapies.9 The accurate assess-
ment of disease differential, disease 
extent, and liver function significantly 
impacts the choice and targeting of 
treatment. Key to the safe treatment of 
liver disease is the preservation of liver 
function.9 

Lessons learned from surgery pro-
vide a model for treating with radia-
tion. In surgery, assessment is done 
using a variety of metrics to assess liver 
function and being cognizant of liver 
volume treated. Assessment metrics 
include: Child-Pugh (CP) score10—a 
liver function classification system, A 
to C, scoring severity of disease, CT 
perfusion, Model for End-Stage Liver 
Disease (MELD) and Barcelona Clinic 
Liver Cancer (BCLC) staging.11 In liver 
surgery for HCC, preservation of func-
tion dictates resections of no more than 

0.5% of body weight and 45% of liver 
volume (~450cc) and resections are 
only performed when a variety of liver 
function measures, such as a CP score 
of no worse than class A, are met. The 
relationship between CP liver function 
and BCLC staging is nicely detailed in a 
recent review paper from Korea.12

SBRT for HCC: Early efforts and 
rationale

The liver was first a target for radia-
tion therapy as early as 1924. The use 
of conventional external beam radiation 
therapy (RT) as a curative technique, 
was hampered by early evidence of ra-
diation’s severe toxicity to the diseased 
liver defined as radiation-induced liver 
disease (RILD).10,13 RILD manifests in 
long-term migration of Child-Pugh score 
from A to B to C, resulting in likely liver 
failure with the later scores. A decline in 

liver function is more likely in patients 
with higher baseline CP scores and in 
those with advanced disease requiring 
larger volumes of irradiated liver.14

Thus all forms of RT for HCC have 
been slower to evolve due to the liver’s 
low tolerance to RT, further reduced 
in the cirrhotic liver. This is especially 
true where high doses of radiation are 
distributed throughout the liver as is 
the case with non image-guided, non-
IMRT treatments. Palliative liver ra-
diation has recently been shown to 
improve quality of life in patients with 
active symptoms from HCC or liver 
metastases.15

Liver SBRT, the precise delivery of 
potent doses of radiation in a small num-
ber of fractions to the liver, was first per-
formed by Blomgren & Lax in 1995 in 1 
to 3 fractions of 20 to 45 Gy.16 SBRT is 
the non-CNS extracranial extension of 
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FIGURE 1. Pre (left) and post (right) SBRT treatment axial (top) and coronal (bottom) images of a large hepatocellular lesion treated on a 
Novalis Tx with RapidArc and HD120 MLC. The dose was 60 Gy over 5 sessions. The 30-day PET negative images on the right reveal no radio-
graphic evidence of disease. This patient appears to have complete metabolic response after more than 2 years. Image courtesy of Percy Lee, 
MD, UCLA, Los Angeles, CA.



applied radiation oncology

CME

SBRT FOR EARLY-STAGE PRIMARY LIVER CANCER

14       n        APPLIED RADIOLOGY
©

        	 www.appliedradiology.com December  2013

A

B

	 Author & Center	 Patients Treated       	Gross Tumor	 Dose Range	 Median Follow-up            	Local Control	 Overall Survival	 Toxicity      	 RILD	 Child-Pugh10,11 	 NOTES 
			   Volume  					      > Grade 2 
	 (Year) 	 (initial CP score)	  (cc)             	 (range & med)  	 (months)	 (% at yr)	 K-M (% at yr)	 (% late)	 (% of	 [change (decline) 			   
			   (range)	 (fx per tmt)	   (range)				    patients)	 in CP score] 
	
	 Sanuki25 	 185	 7.6 cc	 35 – 44 Gy	 25 mo	 99, 93, 81	 95, 83 & 70	 13%	 10.3%	 NR		 • TACE performed in 111 patients prior to SBRT. 
	 Tokai U	 (A=158, B=27)	 [1.5 – 65]	 [in 5 fx]	 [3-80]	 at 1, 2, 3  yr	 at 1, 2 & 3 yr					    • 19 (10.3%) had a decline in CP score by 2 points.
	 (Aug 13)											          • Grade 5 failures were observed in 1% (CP-B only). 

	 Andolino24         	 60     	 29 cc	 24 – 48 Gy	 27 mo	 90	 67	 15%	 NR	 A>B: 7/36		 • CP-A patients had a 1-yr 93% LC and 93% OS.
	 Indiana Univ	 (A=36, B=24)	 [2 – 112]	 [40 Gy med]	 [1-24]	 at 2 yr	 at 2 yr			   B>C: 5/24		 • CP-B patients had a 1-yr OS of 70%.	
	 (Nov 11)			   [in 3 or 4 fx]								       • 23 patients proceeded to transplant.

		
	 Louis23        	 25	 45 cc	 45 Gy	 12.7 mo	 95	 79, 52	 8%	 0%	 NR		 • ��Median DFS was 15.8 mo. CP-A patients had an 
	 Liege Univ	 (A=22, B=3)	 (18-100)	 [in 3 fx ]	 [1-24]	 at 1 & 2 yr	 at 1 & 2 yr				�        actuarial survival of 86% vs 33% for CP-B patients.
	 (Oct 10)											          • �OR=85%, CR=28%, PR=28%, SD=14% for  

14  evaluable patients.

	 Kwon22  	 42	 15.4 cc	 30 – 39 Gy	 27.8 mo	 72 & 68	 93, 77 & 59	 2%	 2%	 NR		 • �Salvage SBRT for patients who failed repeat TACE.
	 Catholic U	 (A=38, B=4)	 (3-82)	 [33 Gy med]	 [8.4-49.1]	 at 1 & 2 yr	 at 1, 2 & 3 yr					    • �OR=71.9%, CR=59.6%, PR=26.2%
	 (Sept 10)			   [in 3 or 4 fx]					   

 
	 Seo21       	 38        	 40.5 cc     	 33 – 57 Gy	 15 mo	 79 & 66	 69, 61 & 42	 3%	 0%	 NR		 • �All tumors < 8cm Ø; LR= 63%; CR=2.6%
	 KCCH		 (A=34, B=4)	 (11-464)	 [in 3 or 4 fx]	 (3-47)	 at 1 & 2 yr	 at 1, 2 & 3 yr					    • �PR=60.5%; SD= 28.9%; 7.9%=PD
	 (Sept 10)											          • �2 yr PFS=66.4%

	 Cardenes18 	 17	 34 cc	 36 – 48 Gy	 18 mo	 100	 75 & 60	 23%	 18%	 NR		 • �OR=75%; 6 patients proceeded to transplant; 
	 Indiana U	 (A=6, B=11)	 (8-95)	 [in 3 or 5 fx]		  at 1 yr	 at 1 & 2 yr					       10 patients alive at 24 mo. med FU
	 (Mar 10)											          • �No RILD was found in CP-A patients, but 27% 	

(3/11)of CP-B patients had RILD		

	 Tse19       	 31      	 173 cc	 24 – 54 Gy	 17.6 mo	 65	 48	 29%	 0%	 A>B: 5/31		 • Dose escalation study. 
	 PMH		  (A=31, B=0)	 (9-1913)	 [36 Gy med]	 (10.8-39.2)	 at 1 yr	 at 1 yr					    • Median survival 11.7 mo OR=49%.	
	 (Feb 08)			   [in 6 Fx]								       • No RILD but 16% had a decline in CP score

RILD = Radiation Induced Liver Disease; NR = Not Reported; K-M=Kaplan-Meier; OR=Overall Response; CR=Complete Response; PR=Partial Response;  
SD=Stable Disease; PFS=Progression Free Survival 
* These seven studies represent single institution peer review papers on SBRT for HCC where there were at least 15 (17 to 185) consecutive HCC patients being studied.   
* Survival values are based on Kaplan – Meyer probability graphs reporting on the percentage of patients alive after a specific time period, reported as %-alive after y-years.  
* Child Pugh (CP) classifies (A, B, or C) severity of pre-treatment liver disease by scoring (1, 2, or 3), five liver health criteria; more points yields poorer status 
    [≤6=A, 7-9=B, ≥10=C]  
Toxicity: Radiation Induced Liver Disease (RILD) is a dose limiting complication of conventional liver radiation, because the entire liver gets radiated.  
These SBRT studies show that by employing focused stereotactic treatments, high doses of radiation can be safely and effectively delivered with excellent RILD results.  
Only one of the 7 studies reported any significant RILD after 3 months and that was in 3/17 patients, or 18% .   
Most studies reported 0% late term toxicity of greater than Grade 2. Only two studies reported any post treatment CP progression (A>B and/or B>C). 

  Table 1. Recent Studies on Treatment of Early-Stage Hepatocellular Carcinoma (HCC) with Stereotactic Body Radiation Therapy (SBRT
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	 (Year) 	 (initial CP score)	  (cc)             	 (range & med)  	 (months)	 (% at yr)	 K-M (% at yr)	 (% late)	 (% of	 [change (decline) 			   
			   (range)	 (fx per tmt)	   (range)				    patients)	 in CP score] 
	
	 Sanuki25 	 185	 7.6 cc	 35 – 44 Gy	 25 mo	 99, 93, 81	 95, 83 & 70	 13%	 10.3%	 NR		 • TACE performed in 111 patients prior to SBRT. 
	 Tokai U	 (A=158, B=27)	 [1.5 – 65]	 [in 5 fx]	 [3-80]	 at 1, 2, 3  yr	 at 1, 2 & 3 yr					    • 19 (10.3%) had a decline in CP score by 2 points.
	 (Aug 13)											          • Grade 5 failures were observed in 1% (CP-B only). 

	 Andolino24         	 60     	 29 cc	 24 – 48 Gy	 27 mo	 90	 67	 15%	 NR	 A>B: 7/36		 • CP-A patients had a 1-yr 93% LC and 93% OS.
	 Indiana Univ	 (A=36, B=24)	 [2 – 112]	 [40 Gy med]	 [1-24]	 at 2 yr	 at 2 yr			   B>C: 5/24		 • CP-B patients had a 1-yr OS of 70%.	
	 (Nov 11)			   [in 3 or 4 fx]								       • 23 patients proceeded to transplant.

		
	 Louis23        	 25	 45 cc	 45 Gy	 12.7 mo	 95	 79, 52	 8%	 0%	 NR		 • ��Median DFS was 15.8 mo. CP-A patients had an 
	 Liege Univ	 (A=22, B=3)	 (18-100)	 [in 3 fx ]	 [1-24]	 at 1 & 2 yr	 at 1 & 2 yr				�        actuarial survival of 86% vs 33% for CP-B patients.
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14  evaluable patients.

	 Kwon22  	 42	 15.4 cc	 30 – 39 Gy	 27.8 mo	 72 & 68	 93, 77 & 59	 2%	 2%	 NR		 • �Salvage SBRT for patients who failed repeat TACE.
	 Catholic U	 (A=38, B=4)	 (3-82)	 [33 Gy med]	 [8.4-49.1]	 at 1 & 2 yr	 at 1, 2 & 3 yr					    • �OR=71.9%, CR=59.6%, PR=26.2%
	 (Sept 10)			   [in 3 or 4 fx]					   

 
	 Seo21       	 38        	 40.5 cc     	 33 – 57 Gy	 15 mo	 79 & 66	 69, 61 & 42	 3%	 0%	 NR		 • �All tumors < 8cm Ø; LR= 63%; CR=2.6%
	 KCCH		 (A=34, B=4)	 (11-464)	 [in 3 or 4 fx]	 (3-47)	 at 1 & 2 yr	 at 1, 2 & 3 yr					    • �PR=60.5%; SD= 28.9%; 7.9%=PD
	 (Sept 10)											          • �2 yr PFS=66.4%

	 Cardenes18 	 17	 34 cc	 36 – 48 Gy	 18 mo	 100	 75 & 60	 23%	 18%	 NR		 • �OR=75%; 6 patients proceeded to transplant; 
	 Indiana U	 (A=6, B=11)	 (8-95)	 [in 3 or 5 fx]		  at 1 yr	 at 1 & 2 yr					       10 patients alive at 24 mo. med FU
	 (Mar 10)											          • �No RILD was found in CP-A patients, but 27% 	

(3/11)of CP-B patients had RILD		

	 Tse19       	 31      	 173 cc	 24 – 54 Gy	 17.6 mo	 65	 48	 29%	 0%	 A>B: 5/31		 • Dose escalation study. 
	 PMH		  (A=31, B=0)	 (9-1913)	 [36 Gy med]	 (10.8-39.2)	 at 1 yr	 at 1 yr					    • Median survival 11.7 mo OR=49%.	
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* These seven studies represent single institution peer review papers on SBRT for HCC where there were at least 15 (17 to 185) consecutive HCC patients being studied.   
* Survival values are based on Kaplan – Meyer probability graphs reporting on the percentage of patients alive after a specific time period, reported as %-alive after y-years.  
* Child Pugh (CP) classifies (A, B, or C) severity of pre-treatment liver disease by scoring (1, 2, or 3), five liver health criteria; more points yields poorer status 
    [≤6=A, 7-9=B, ≥10=C]  
Toxicity: Radiation Induced Liver Disease (RILD) is a dose limiting complication of conventional liver radiation, because the entire liver gets radiated.  
These SBRT studies show that by employing focused stereotactic treatments, high doses of radiation can be safely and effectively delivered with excellent RILD results.  
Only one of the 7 studies reported any significant RILD after 3 months and that was in 3/17 patients, or 18% .   
Most studies reported 0% late term toxicity of greater than Grade 2. Only two studies reported any post treatment CP progression (A>B and/or B>C). 

  Table 1. Recent Studies on Treatment of Early-Stage Hepatocellular Carcinoma (HCC) with Stereotactic Body Radiation Therapy (SBRT
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stereotactic radiosurgery (SRS), which 
neurosurgeons have been using for ab-
lation of tumors in the brain and spine 
for >30 and >10 years, respectively. 
For primary CNS tumors, the intent is 
primarily curative. With very high dose 
rates per session, SRS and SBRT treat-
ments require precision with tight mar-
gins to the tumor and minimum dose to 
surrounding organs at risk and normal 
tissues and employ an overwhelmingly 
ablative radiobiological mechanism. 
This is in contrast to conventional RT 
treatments where cells are allowed to 
repopulate and precision requirements 
are an order of magnitude less stringent. 

The advantage of refined SBRT 
techniques is that they allow for a 
safer administration of higher levels 
of dose while minimizing the poten-
tial of RILD.17  The past decade has 
seen a small number of single institu-
tion SBRT liver trials every couple of 
years on various platforms (Figure 1). 
Klein pointed out that there has been a 
doubling to 600 publications, on the use 
of radiation to treat liver tumors, in the 
5-year period “2005-2010,” over the 
prior 5-year period.11 Furthermore, over 
75% of all SBRT for HCC studies have 
published in the last 6 years, and over 
66% published in the past 3 years.18-36

Refinements in SBRT HCC treat-
ments have led to substantially improved 
results over both RT and those early 
SBRT treatments, which had some grade 
5 toxicities. Liver toxicity with mod-
ern SBRT techniques is low because of 
precise stereotactic targeting and that 
ablative dose volumes are substantially 
reduced. Liver toxicity is uncommon 
in SBRT treatments where the effective 
volume irradiated is < 30% of total liver 
volume and where > 800 cc gets < 18 Gy 
as shown by a recent Korean paper.18

SBRT for HCC: Recent studies
A number of centers have recently re-

ported on SBRT-based HCC treatment 
and several are summarized in Table 1.

• A Toronto group reported on a phase 
I liver cancer dose-escalation trial, which 
included 31 HCC patients with an aver-
age gross tumor volume (GTV) of 173 
cc [9 to 1913 cc].19,35 With a median dose 
36 Gy (24 to 54 Gy) in 6 fractions, they 
achieved a 12-month local control (LC) 
rate of 65%. For patients with portal vein 
thrombosis (PVT), median survival was 
11.6 months, which improved to 17.2 
months for patients with no PVT. Over-
all survival (OS) was 48% at 1-year and 
16% (5/31) of patients had a poorer level 
of liver function measured by a decline 
to in CP score. No patients had RILD 
and this study set the stage for other 
SBRT studies, as previously RILD was 
considered a treatment limiting toxicity 
of conventional radiation treatments. 

• A group from Indiana reported on 
17 patients with 1 to 3 targets (25 HCC 
total).20 They had a dose escalation trial 
delivering 36 to 48 Gy in fractionation 
schedules from 5x8 Gy to 3x16 Gy. 
Their tumors (cumulative diameter ≤ 6 
cm) were much smaller with an average 
GTV of 34 cc. With a mean follow up of 
18 months, they achieved 100% LC at 
1-year and an OS of 75% and 60% at 1 
and 2 years respectively. Three patients 
had grade 3 to 4 toxicity. RILD was not 
observed in any CP-A patients, but was 
observed in 27% of CP-B patients.

• One Korean group documented a 
prospective registry of 38 patients with 
tumors < 10 cc treated in 33 to 57 Gy in 
3 to 4 fractions.21 One- and 2-year LC 
was 79 and 66% and 1-, 2- and 3-year 
OS was 68%, 61% and 41%, respec-
tively. Only one grade-3 skin toxicity 
was reported. For those 26 patients who 
received a dose of > 42 Gy, a 2-year OS 
was reached. 

• Another Korean group22 documented 
42 HCC patients with a median GTV of 
15.4 cc, treated with a median dose of 33 
Gy (30 to 39 Gy) in 3 fractions. With a 
median follow up of 27.8 months, they 
achieved a LC of 72 and 67.5% at 1 and 
2 years respectively and OS of 92.9, 77.3 

and 58.6% at 1, 2 and 3 years respec-
tively. Consistent with other SBRT stud-
ies, they had very low toxicity (< 2 %) 
and low incidence of radiation induced 
liver disease RILD (2%).

• A Belgian group23 reported on 25 
HCC patients treated with a median 
dose of 45 Gy in 3 sessions. The treat-
ment was well tolerated overall, and 
there were no grade 4 toxicities. Over-
all, actuarial survival was 79% and 52% 
at 1 and 2 years with a mean overall fol-
low up of 12.7 months. CP-B patients 
had a 33% actuarial survival versus 
CP-A patients at 86%. No RILD was 
observed and excellent response to 
treatment was observed with overall re-
sponse of 85% in 14 evaluable patients.

• In the largest North American 
study to date, a paper24 from the Indiana 
group20 reported on 60 patients treated 
with an average GTV of 29 cc. 36 CP-A 
patients were treated with 30 to 48 Gy 
in 3 fractions. With a median follow- up 
of 27 months, they achieved a 1-year 
LC of 93% and a 1-, 2- and 3-year OS 
of 93%, 77% and 70%, respectively. . 
19% had a decline in CP score and 2 pa-
tients had grade 5 toxicities. The same 
paper further reports on 24 patients with 
CP-B scores treated with 24 to 48 Gy in 
3 fractions whose 1-, 2- and 3-year OS 
were reduced to 70%, 50% and 50%, re-
spectively. Of the 60 patients, 23 went 
on to othotopic liver transplant (OLT).

• Several even larger studies have 
more recently been reported from 
across Asia.25-27 The largest single study 
to date is from Japan.25 In this study, 
221 patients with 237 single small HCC 
lesions were treated from 2005 to 2012. 
Of these, 185 met a variety of clinical 
criteria and were evaluable in this study. 
Patients were treated with either 35 Gy 
(48 pts) or 40 Gy (137 pts) depending 
on the CP scores and other factors. The 
3-year local control and overall survival 
rates were 91% and 70% respectively. 
Ten local recurrences were observed 
at a median of 21 months. The dosing 

SEE PAGE 3 FOR DETAILS
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schemes provided equivalent results, 
acute toxicities (> grade 2) were ob-
served in only 13% of patients and the 
procedure was deemed to provide ex-
cellent and safe outcomes.

 Functional imaging techniques may 
be able to prospectively predict SBRT 
tumor control. A group from Taiwan 
retrospectively assessed 31 HCC pa-
tients (41 tumors) who had 18F-FDG 
PET prior to SBRT.28 They determined 
that a TSUVmax (maximum standardized 
uptake value of the tumor) cutoff value 
of 3.2 was a good prognostic indica-
tor of tumor control for patients treated 
with SBRT. They concluded that 18F-
FDG PET may help in patient selection 
and dose adjustment for HCC candi-
dates for SBRT.

 Definitive liver surgery (transplanta-
tion or resection) is considered the only 
curative option for HCC.31 SBRT as a 
bridge to transplant, where the patient 
is a candidate for OLT, is more com-
mon in North America, with a number 
of centers taking that approach.24,32-34 
A pilot study from the Toronto group 
was the first paper in the surgical litera-
ture.32 They reported on 5 of 10 patients 
treated with SBRT who successfully 
underwent OLT and are cancer free. 
A group from New York33 treated 27 
HCC patients with SBRT. Seventeen 
of these had OLT allowing for explants 
tissue analysis and evaluation. Thirty-
seven percent had complete or partial 
response on imaging, and 93% were 
stable or had at least partial response. 
Of 22 pathologically evaluated lesions, 
37% had total or partial response to 
SBRT. More recently, a group from 
Texas34 reported on the long-term out-
comes of SBRT as a bridge to trans-
plantation with a median follow-up of 
62 months from the time of SBRT. Ten 
patients with 11 HCCs were treated and 
transplanted. All 10 are alive and free 
of disease with a 5-year overall sur-
vival and disease free survival of 100%. 
Surgical candidates who fail, or are un-

suitable for other treatments, and have 
a high risk of for disease progression, 
which would lead to being delisted, 
could be well served with SBRT as a 
bridge to transplant.

Conclusion
In summary, small HCC tumors ap-

pear to be good candidates for SBRT, 
though larger (over 1000 cc) tumors 
have been successfully treated as 
well.19,29,30 Risk adaptation and indi-
vidualization must be used to avoid se-
rious toxicities seen in early treatments. 
Table 1 shows 7 recent studies, with at 
least 15 patients, having excellent out-
comes for HCC. With one exception, 
Grade 3 or higher toxicities were 15% 
or less. The most recent 6 studies have 
a minimum 2-year survival of over 50% 
with an average 2-year survival of 75%. 
Three-year survival is as high as 70% 
for the CP-A subset of patients.24,25 Due 
to the variability of utilization of SBRT 
in the course of HCC treatment at cen-
ters, overall survival from the conclu-
sion of radiation is not always the ideal 
metric to judge the success of the treat-
ment. Normal tissues will limit doses 
that can be safely delivered. Treatment 
beam modulation and image-guidance 
technologies, which can reduce PTV 
will aid in successful HCC treatment 
and OAR avoidance. With the develop-
ment of modern sophisticated radiother-
apy machines, increasing use of SBRT 
for HCC is expected. Combination ther-
apies are expected to be of additional 
help. These results provide a strong ar-
gument for randomly controlled phase 
I/II trials.35 An NCI funded, phase III 
trial RTOG 1112: Sorafenib versus 
SBRT followed by Sorafenib, whose 
goal is to determine if SBRT can help 
extend HCC survival especially for 
later stage disease,14,35 opened in Janu-
ary 2013. Treatments with some of the 
latest radiosurgery devices now allow 
for precise delivery of the high doses 
required by SBRT with beam-on times 

of under 5 minutes as described in the 
paper by Mancosu.36
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