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Abstract
AIM
To evaluate the control, survival, and hepatic function 
for Child Pugh (CP)A patients after Stereotactic body 
radiotherapy (SBRT) in hepatocellular carcinoma (HCC).
 
METHODS
From 2009 to 2016, 40 patients with Barcelona Liver Clinic 
(BCLC) stages 0B HCC and CPA cirrhosis completed 
liver SBRT. The mean prescription dose was 45 Gy 
(40 to 50 Gy in 45 fractions). Local relapse, defined 
as recurrence within the planning target volume was 
assessed with intravenous multiphase contrast computed 
tomography or magnetic resonance imaging every 46 
mo after completion of SBRT. Progression of cirrhosis was 
evaluated by CP and Model for End Stage Liver Disease 
scores every 34 mo. Toxicities were graded per the 
Common Terminology Criteria for Adverse Events (v4.03).  
Median followup was 24 mo.

Retrospective Study
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RESULTS
Fortynine HCC lesions among 40 patients were analyzed 
in this IRB approved retrospective study. Median tumor 
diameter was 3.5 cm (1.58.9 cm). Six patients with 
tumors ≥ 5 cm completed planned selected transarterial 
chemoembolization (TACE) in combination with SBRT. 
Eight patients underwent orthotropic live transplant 
(OLT) with SBRT as a bridging treatment (median 
time to transplant was 12 mo, range 5 to 23 mo). The 
Pathologic complete response (PCR) rate in this group 
was 62.5%. The 2year infield local control was 98% 
(1 failure). Intrahepatic control was 82% and 62% at 1 
and 2 years, respectively. Overall survival (OS) was 92% 
and 60% at 1 and 2 years, with a median survival of 41 
mo per Kaplan Meier analysis. At 1 and 2 years, 71% 
and 61% of patients retained CPA status. Of the patients 
with intrahepatic failures, 58% developed progressive 
cirrhosis, compared to 27% with controlled disease (P = 
0.06). Survival specific to hepatic failure was 92%, 81%, 
and 69% at 12, 18, and 24 mo. There was no grade 3 
or higher toxicity.  On univariate analysis, gross tumor 
volume (GTV) < 23 cc was associated with freedom from 
CP progression (P  = 0.05), hepatic failure-specific survival 
(P = 0.02), and trended with OS (P = 0.10).

CONCLUSION
SBRT is safe and effective in HCC with early cirrhosis 
and may extend waiting time for transplant in patients 
who may not otherwise be immediate candidates.

Key words: Stereotactic body radiotherapy; Hepatocellular 
carcinoma; ChildPugh A; Cirrhosis; Hepatoma; Local 
control; Radiotherapy; Radiation
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Core tip: This retrospective review demonstrates excellent 
long term local control of hepatocellular carcinoma 
(HCC) in early stage cirrhosis treated by Stereotactic 
body radiotherapy (SBRT), while retaining hepatic 
function. However, the overall prognosis of HCC remains 
poor despite successful local therapy and transplant 
remains the standard of care. Given the rising incidence 
of HCC, liver procurement and selection of candidates 
for transplant will become increasingly stringent. The 
long term control and maintenance of hepatic reserve 
demonstrated in this series suggests that SBRT as a 
bridging therapy may extend waiting time for transplant in 
patients who may not otherwise be immediate candidates 
for it.
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INTRODUCTION
Accounting for the second most cancer-related deaths 
worldwide, hepatocellular carcinoma (HCC) is an 
aggressive malignancy that is diagnosed in at least 6 
of every 100000 Americans, a rate nearly triple that 
of thirty years ago[1,2]. In the United States, Chronic 
Hepatitis C (HCV), alcohol abuse, and non-alcoholic 
steatohepatitis (NASH) are the leading causes of HCC, 
which is diagnosed at a growing rate in light of more 
sophisticated imaging and vigilant surveillance with 
serum markers[3-5]. Liver transplant remains the gold 
standard for definitive treatment, however the vast 
majority of patients fail to meet the surgical or medical 
criteria for transplant, with high mortality rates if not 
properly selected[6]. Further complicating management 
is the cirrhosis that accompanies HCC, which often 
renders patients medically inoperable or at high risk for 
surgery. 

Therapeutic alternatives include partial hepate-
ctomy, radiofrequency ablation, trans-arterial chemo-
embolization (TACE), and radioembolization among 
others. Each treatment modality is associated with 
procedural complications especially in patients with 
portal hypertension. In non-cirrhotic patients, partial 
hepatectomy or surgical resection of hepatocellular 
carcinoma is potentially curative, with average long-
term intrahepatic control rates over 40% and 5-year 
survival over 60%[7,8]. However, cirrhotic patients must 
be carefully selected for partial resection to avoid access 
perioperative mortality[9,10]. Further limiting patient 
selection for resection are tumors with vascular invasion 
or those in a centralized location, even in otherwise 
healthy livers[11]. Ultimately, 15%-30% of HCC patients 
are eligible for curative partial hepatectomy[12,13]. Other 
widely used modalities such as TACE and RFA in non-
surgical candidates have shown a control and survival 
benefit, however selection is limited by vascular invasion 
and biliary obstruction with TACE[14], and by size (< 3 
cm) and location (infradiaphragmatic or adjacent to large 
vessels) with RFA[15,16].

Stereotactic body radiotherapy (SBRT) has emerged 
as non-invasive treatment that serves as another alter-
native for local tumor control or used as a bridge to 
liver transplant. SBRT by definition is an ultraconformal 
radiotherapy technique administering high radiotherapy 
doses in 1-5 fractions. It uses multiple external radiation 
beams/arcs deliver an ablative tumoricidal dose with 
sharp dose fall-off which limits unacceptable dose to the 
liver as well as adjacent vasculature, gallbladder, chest 
wall, kidney or diaphragm. 

Several prospective studies have shown that SBRT 
can be delivered safely in Child Pugh A patients with 
local control rates between 75%-90% for median tumor 
size between 20 - 30 cc[17,18].

Although the data for SBRT in HCC is promising, 
current guidelines recommend it only when patients are 
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not amenable to, or have failed, other local therapies. 
Furthermore, while a favorable short-term SBRT-rela-
ted toxicity profile in early cirrhotic patients is well 
documented, its long-term impact on progression of 
hepatic failure is not widely reported. The objective of 
this retrospective study is to analyze the tumor control, 
survival, toxicity and preservation of hepatic function, 
in HCC patients with Child-Pugh A cirrhosis treated with 
SBRT. 

MATERIALS AND METHODS
Patient selection
Between 2009 and 2016, 49 intrahepatic lesions 
among 40 patients with BCLC stages 0-B hepatocellular 
carcinoma and Child-Pugh class A cirrhosis were treated 
with SBRT at a single institution in this IRB approved 
study. Patients who were treated with palliative intent 
at a dose range below 30 Gy, had large multinodular 
tumors (aggregate > 9 cm), metastatic disease, or an 
ECOG performance status > 2 were excluded from this 
study. No patients had previous external beam radiation 
or Yttrium-90 radioembolization. Six patients with large 
tumors (median diameter 5.4 cm) received planned 
TACE prior to SBRT for radiosensitization. All patients 
were evaluated for hepatectomy and transplant in a 
multidisciplinary setting prior to undergoing SBRT. 

Treatment
Treatment planning consisted of a IV contrast-enhanced 
free breathing helical computed tomography (CT) scan 
with 3 mm slice thickness, followed by immediate 4-D 
CT simulation utilizing a Siemens Somatom Sensation 
Open scanner (Siemens Medical) with an Anzai belt 
(AZ733V, Anzai Medical) and immobilization with a Vac-
Loc® vacuum bag (Bionix, Toledo, OH, Spain). An internal 
target volume (ITV) was generated based on hepatic 
motion during the respiratory cycle, with a planning 
target volume (PTV) generated in the standard fashion 
around this volume. PTV included the ITV with a 0.3-0.5 
cm margin. SBRT dose was prescribed to the isodose 
line encompassing the PTV (generally 80%-90% isodose 
line) allowing up to 20% higher dose to the target 
volume.  Dose per fraction varied based on tumor size, 
location, and normal tissue tolerance. Twenty-two of the 
38 patients utilized 4DCT co-registered with 99mTc-sulfur 
colloid Single Photon Emission Computed Tomography 
(SPECT) for visualization and conformal avoidance of best 
perfused hepatic parenchyma. Details of SPECT/CT co-
registration and treatment planning have been previously 
reported for liver SBRT in cirrhotic HCC patients[19,20]. 
Dose limits were set such that at least 35% of predicted 
liver volume by SPECT imaging received ≤ 18 Gy in 5 
fractions or ≤ 16 Gy in 4 fractions. The median dose 
to the PTV was 45 Gy (range 40 to 50 Gy) at a median 
dose per fraction of 9 Gy. Median biologic equivalent dose 
(BED10) was 85.5 Gy (range 72-105.6 Gy).
 
Outcome assessment
Local response with contrast-enhanced triple phase 

CT or MRI was documented every 4-6 mo following 
radiotherapy as per Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria[21]. Failures were considered 
local if within or on the edge of the PTV. Intrahepatic 
failures were defined as radiographic evidence of 
progressive hepatocellular carcinoma within the liver and 
outside of the PTV. Fluctuations in alpha-feto protein (AFP) 
levels were not considered when assessing response 
or tumor control. The progression of cirrhosis was 
evaluated by Child-Pugh and End Stage Liver Disease 
(MELD) scores at least every 4 mo. Potential prognostic 
correlates including initial stage, tumor size, radiation 
dose, performance status, and initial MELD stage were 
analyzed against intrahepatic control, overall survival, 
and hepatic-failure specific survival, which we define as 
the portion of patients who did not die from liver failure. 
We also evaluated potential correlates of freedom from 
C-P progression, which we define as advancing from 
the Child Pugh A to the Child Pugh B classification[22]. 
Toxicities were graded per the Common Terminology 
Criteria for Adverse Events (CTCAE) (v4.03). Survival and 
tumor control analyses are based on Kaplan Meier (KM) 
methodology, and univariate analysis was conducted 
via Cox proportional hazard regression models using 
MedCalc. 

RESULTS
Patient characteristics
Thirty-two males and eight females with HCC and CP-A 
cirrhosis who completed liver SBRT were analyzed with 
a median follow up of 24 mo (4 to 64 mo). Seven of 
the 40 patients had two tumors treated simultaneously, 
and one patient had 3 treated at the same time. The 
maximum tumor diameter ranged from 1.5 to 8.9 cm, 
with a median of 3.5 cm. Gross tumor volume varied 
between 2.6 to 220.1 cc with median 23 cc, and the 
corresponding planning target volume was between 
11.5 and 351 cc (median 67.6). BCLC stages 0 (very 
early), A (early), and B (intermediate) comprised of 6, 
10, and 24 patients, respectively. This corresponds to 
American Joint Committee on Cancer (AJCC) stages 
Ⅰ (n = 6), Ⅱ (n = 12), ⅢA (n = 8) and ⅢB (n = 8). 
SBRT was used as a bridging therapy for orthotropic 
liver transplant in eight patients. The causes of HCC 
include Hepatitis C (n = 17), alcohol abuse (n = 8), 
a combination of both (n = 8), NASH (n = 4), biliary 
cirrhosis (n = 1), immunosuppression following kidney 
transplant (n = 1), and one was cryptogenic. Eastern 
Cooperative Oncology Group (ECOG) performance 
status was equal to 0, 1, and 2 in 21, 14, and 3 patients 
respectively (2 unknown). Although all patients were 
classified as Child Pugh A, 9 of the 40 patients had 
a MELD score of 10 or higher. A summary of patient 
characteristics is demonstrated on Table 1. 

Control
At last follow up, 48 of 49 lesions (98%) were controlled 
locally (within the PTV). The one failure was a 4.3 
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cm tumor with a GTV of 80 cc treated to 4500 cGy 
in 5 fractions. The recurrence occurred 10 mo after 
completing SBRT. Intrahepatic control, defined as no 
evidence of disease within the entire liver was 82%, 
77%, and 62% at 12, 18, and 24 mo, respectively, 
with a median time to progression of 47 mo per KM 
analysis. Five of the intrahepatic failures were treated 
with additional SBRT and five were salvaged with either 
TACE (1), Y-90 (2), or resection (1). Distant metastases 
occurred in the peritoneum, bone, and lungs among 
6 patients. SBRT served as bridge for orthotropic liver 
transplant in 8 patients, 5 of whom demonstrated a 
pathologic complete response (62.5%). The median 
time to transplant was 12 mo (5-23 mo). One patient 
developed an intrahepatic failure which was successfully 
treated with a second SBRT prior to transplant. No 
patient developed recurrence after transplant. 

Survival
Twenty-three of 40 (58%) patients were alive at last 
follow up. Three patients died from perioperative 
complications after liver transplant, all of whom retained 
Child Pugh A status and had a pathologic complete 
response. The remaining 5 transplant patients were all 
long term survivors. One (89% vs 88%) and two-year 

survival (60% vs 63%) was similar for patients who 
received SBRT with or without transplant. Progressive 
HCC was the cause of death in 9 patients treated 
with SBRT, and five patients died without evidence of 
recurrence, 3 of whom had progressive cirrhosis, one 
with heart disease, and one with metastatic lung cancer. 

The median survival was 41 mo with a 1-year, 
18-month, and 2-year overall survival rate of 92%, 
74%, and 60%, respectively. Disease-free survival 
was 79%, 58%, and 44% at 1 year, 18 mo, and 2 
years. Hepatic failure-specific survival was 92%, 81%, 
and 69% at 1 year, 18 mo, and 2 years, respectively. 
Univariate analysis suggested that a GTV > 23 cc 
correlated with a decreased hepatic failure-free survival 
(HR = 5.72, P = 0.01) and trended towards a decreased 
overall survival (HR = 2.14, P = 0.10). Advancing Child 
Pugh cirrhosis also strongly correlated with survival (HR 
5.05, P = 0.01) (Figures 1-3). 

Hepatic function and toxicity
Of the 40 patients treated, 24 retained Child Pugh A 
class cirrhosis (63%) and 27 maintained their initial 
MELD score (68%) at the time of last follow up. The 
median time to progression within Child Pugh category 
was 37 mo, with a freedom from Child Pugh progression 
rate of 89%, 71%, and 62% at 6, 12, and 18 mo 
respectively (Figure 2). The median time to progression 
of MELD score was 33 mo with a freedom from MELD 
progression rate of 95%, 88%, and 79% at 6, 12, and 
18 mo respectively. Of the patients with intrahepatic 
failures, 58% also developed progressive cirrhosis, 
compared to 27% whom were regionally controlled (HR 
= 3.8, P = 0.06). As with survival, a GTV > 23 cc (median 
60 cc, up to 220 cc) correlated with an increased rate of 
Child Pugh progression (HR = 2.89, P = 0.05) (Figure 
3). There was no incidence of grade 3 or higher toxicity, 
and 3 patients had grade 2 fatigue. Grade 1 elevation 
in transaminases was seen in 9 patients, and 1 patient 
developed grade 2 rise in Alkaline Phosphatase, without 
any incidence of radiation induced liver disease (RILD). 

Table 1  Patient characteristics

Number Percentage

Gender
  Male 32 82%
  Female   8 18%
ECOG performance status1

  0 21 55%
  1 14 37%
  2   3   8%
Etiology of hepatocellular carcinoma2

  Hepatitis C 17 46%
  Alcohol   8 22%
  Combination of Hepatitis C/alcohol   8 22%
  NASH   4   8%
BCLC Stage
  0 (very early)   6 15%
  A (early) 10 25%
  B (intermediate) 24 60%
Previous treatment
  None 34 85%
  TACE   6 15%
Number of treated lesions
  Single 32 80%
  Multiple3   8 20%
Initial MELD score
  < 10 31 78%
  > 10   9 22%
Median tumor size (range) 3.5 cm (1.5 to 8.9 cm)
Median gross tumor volume (range) 23 cc (2.6 to 220.1 cc)
Median planning target volume (range) 67.6 cc (11.5 to 351 cc)

12 patients unknown; 21 patient with biliary cirrhosis and 1 immuno-
suppressed; 37 patients with 2 lesions and 1 with 3 lesions. ECOG: Eastern 
cooperative oncology group; NASH: Non-alcoholic steatohepatitis; BCLC: 
Barcelona liver clinic; TACE: Transarterial chemo-embolization; MELD: 
Model for end stage liver disease.
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Figure 1  Overall Survival of all patients.
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DISCUSSION
Until recently, radiotherapy has been only infrequently 
used in targeting hepatocellular carcinoma because of 
the low tolerance of the whole liver to radiation and 
challenges associated with underlying liver dysfunction. 
Conversely, dose escalation studies at the University 
of Michigan with CT-based 3D-conformal radiotherapy 
planning established a correlation between the irra-
diated liver volume, the dose delivered, and the risk of 
radiation-induced liver disease[23]. The liver is a parallel 
organ and small volumes of liver can tolerate high 
doses of radiation when the whole liver mean dose can 
be minimized with techniques such as SBRT. As a result, 
several prospective SBRT studies have established a 
dose-response relationship in HCC with early stage 
cirrhosis, without compromising safety. 

Mendez-Romero et al[17] and Tse et al[24] demon-
strated long term local control rates of 75% and 65% 
with a median dose of 5 Gy x 5 fractions and 6 Gy 
x 6 fractions, respectively. Dose escalation to 48 Gy 
in 3 fractions yielded an 87% local control rate for 
CPA patients in a phase Ⅰ/Ⅱ study by Lasley et al[25] 
Similarly, Bujold et al[33] found that doses over 30 Gy 
(in 6 fractions) improved local control rates. Building 
on these and other data, the patients in our study 
were treated to a median BED10 of 85.5 Gy (45 Gy in 
5 fractions). The 98% local control rate in this study 
compares favorably to already excellent historical 
controls, and the overall survival falls within the wide 
range of reported outcomes in the current literature 
(Table 2).  

In this report of CP-A patients with limited HCC 
treated with SBRT, 1 and 2 year survival was similar for 
patients with and without transplant. Given the inherent 
perioperative mortality risk of liver transplantation, 
these well selected early CP-A cirrhotic patients with 
limited extent of HCC may benefit from watchful 
waiting, reserving orthotopic liver transplantation at 
the time of further intrahepatic progression or following 

their natural cirrhosis progression to higher MELD 
scores. Such a preposition has been suggested by 
Merion and Wedd et al[26,27] whose large retrospective 
studies independently reported no detriment in survival 
when delaying transplant in very early stage cirrhosis. 
Accordingly, close follow-up and careful selection is 
essential with a watchful waiting approach. Additionally, 
with 2 year follow up survival is similar with or without 
transplant, yet long term cure of both HCC and cirrhosis 
with transplant, may yield a separation of survival 
curves with longer follow up. 

Among the most important aspects of patient sel-
ection in HCC is the risk stratification based on hepatic 
function, such as the Child-Pugh or Model for End Stage 
Liver Disease (MELD), as patients with worse baseline 
cirrhosis are at higher risk for therapeutic toxicity. Teh 
and Cucchetti et al[28,29] have shown that a MELD score 
over 9 preceding partial liver resection is associated 
with increased perioperative mortality and decreased 
survival Other studies corroborate a link between initial 
MELD or Child Pugh score and survival in hepatocellular 
carcinoma[21,27]. Even in early stage cirrhosis, HCC has 
been known to accelerate the natural progression of liver 
failure, which can be impacted regardless of its initial 
severity[30]. It has also been suggested that a linear 
progression of liver failure, or serial trend in increasing 
MELD score, is a better predictor of outcome compared 
to initial MELD score[31]. These data underline the 
importance of preserving hepatic function while treating 
the malignancy that exacerbates it, even at an early 
stage. 

Unsurprisingly, in this study, intrahepatic failure 
correlated strongly with progressive liver disease, which 
consequently correlated with overall mortality. Among 
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patients treated with SBRT with controlled disease 
in the liver, 73% retained long term hepatic function 
which compares favorably to the natural progression 
of cirrhosis[32]. Three patients advanced to Child Pugh 
B cirrhosis within 6 mo of SBRT, none of whom had 
radiographic evidence of HCC. There was no evidence 
of classic RILD or radiation-induced grade 2 or higher 
toxicity.

This retrospective review demonstrates excellent 
long term local control of HCC in early stage cirrhosis 
treated by SBRT, while retaining hepatic function 
at a rate similar to historical norms. Unfortunately, 
the overall prognosis of HCC remains poor despite 
successful local therapy. Liver transplant remains the 
standard of care for definitive management. However, 
with the rising incidence of HCC, demand for healthy 
livers may outpace supply, and consequently, the 
selection of appropriate candidates for transplant will 
become more stringent. The long term local control and 
maintenance of hepatic reserve demonstrated in this 
series suggests that SBRT as a bridging therapy may 
extend waiting time for transplant in patients who may 
not otherwise be immediate candidates for it, such as 
those with Child-Pugh A cirrhosis and early stage HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is an aggressive malignancy that is 
diagnosed in at least 6 of every 100000 Americans, a rate nearly triple that 
of thirty years ago. Liver transplant remains the gold standard for definitive 
treatment, however many patients fail to meet the surgical or medical criteria for 
transplant, with high mortality rates if not properly selected. Stereotactic body 
radiotherapy (SBRT) has emerged as non-invasive treatment option for HCC 
to achieve local tumor control and may be used as a bridge to liver transplant. 
Multiple external radiation beams/arcs delivered ablative doses with sharp 
dose fall-off at surrounding normal tissues allowing SBRT to be administered 
without limitations of unacceptable toxicity to the liver and adjacent vasculature, 
gallbladder, chest wall, kidney or diaphragm. Several prospective studies have 
shown that SBRT can be delivered safely in Child Pugh A patients with local 
control rates between 75%-90%.

Research motivations
Although the data for SBRT in HCC is promising, current guidelines recommend 
it only when patients are not amenable to, or have failed, other local therapies. 

Furthermore, while short-term SBRT-related toxicity in early cirrhotic patients 
is well documented, its long-term impact on hepatic failure progression is not 
widely reported.  

Research objectives 
The objective of this retrospective study is to analyze the tumor control, survival, 
toxicity and preservation of hepatic function, in HCC patients with Child-Pugh A 
cirrhosis treated with SBRT. 

Research methods
We retrospectively reviewed 40 patients with Barcelona Liver Clinic (BCLC) 
stages 0-B HCC and CP-A cirrhosis completed liver SBRT from 2009-2016. 
Local relapse, defined as recurrence within the planning target volume was 
assessed with intravenous multiphase contrast CT or MRI every 4-6 mo after 
completion of SBRT. Progression of cirrhosis was evaluated by CP and Model 
for End Stage Liver Disease (MELD) scores every 3-4 mo. Toxicities were 
graded per the Common Terminology Criteria for Adverse Events (v4.03).  
Median follow-up was 24 mo.

Research results
The 2-year in-field local control was 98% (1 failure). Intrahepatic control was 
82% and 62% at 1 and 2 years, respectively. Overall survival (OS) was 92% 
and 60% at 1 and 2 years, with a median survival of 41 mo.  At 1 and 2 years, 
71% and 61% of patients retained CPA status. Of the patients with intrahepatic 
failures, 58% developed progressive cirrhosis, compared to 27% with controlled 
disease (P = 0.06). Survival specific to hepatic failure was 92%, 81%, and 69% 
at 12, 18, and 24 mo. There was no grade 3 or higher toxicity.  On univariate 
analysis, gross tumor volume (GTV) < 23 cc was associated with freedom from 
CP progression (P = 0.05), hepatic failure-specific survival (P = 0.02), and 
trended with OS (P = 0.10). Eight patients underwent orthotropic live transplant 
(OLT) with SBRT as a bridging treatment (median time to transplant was 12 mo, 
range 5 to 23 mo). The Pathologic complete response (PCR) rate in this group 
was 62.5%. 

Research conclusions
This retrospective review demonstrates excellent long term local control of 
HCC in early stage cirrhosis treated by SBRT, while retaining hepatic function. 
However, the overall prognosis of HCC remains poor despite successful 
local therapy and transplant remains the standard of care. Given the rising 
incidence of HCC, liver procurement and selection of candidates for transplant 
will become increasingly stringent. The long term control and maintenance of 
hepatic reserve demonstrated in this series suggests that SBRT as a bridging 
therapy may extend waiting time for transplant in patients who may not 
otherwise be immediate candidates for it.

Research perspectives
Further prospective studies utilizing SBRT for HCC as a bridge to transplant are 
warranted. 

Table 2  Summary of prospective stereotactic body radiotherapy studies in hepatocellular carcinoma patients with Child Pugh-A cirrhosis

Study No of lesions Median dose-
fractionation

Median GTV 
(cc)

Local control Overall 
survival

Grade 3+ 
toxicity

Median 
follow-up (m)

Mendez-Romero et al[17], 2006 111 5 Gy × 5      22.3 75% 75%, 40% 36%     12.9
(22 mo) (1, 2 yr)

Tse et al[24], 2008 21 6 Gy × 6 173 65% 48% 12%     17.6
(1 yr) (1 yr)

Lasley et al[25], 2012 39 16 Gy × 3 - 91% 72%         4.60%     33.3
(2 yr) (2 yr)

Bujold et al[33], 2013 102 6 Gy × 6 117 87% 55%, 34%   2% 31
(1 yr) (1 yr, 2 yr)

Current study 47 9 Gy × 5   23 98% 92%, 60% None 24
(2 yr) (1 yr, 2 yr)

1Study includes Child Pugh B patients. GTV: Gross tumor volume; cc: Cubic centimeters; Gy: Gray. 
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