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Ablative radiation therapy for hepatocellular carcinoma is 
associated with reduced treatment- and tumor-related liver failure 
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Background: More than 70% of patients with hepatocellular carcinoma (HCC) are not candidates for 
curative therapy or recur after curative-intent therapy. There is growing evidence on the use of ablative 
radiation therapy (RT) for liver tumors. We aimed to analyze outcomes of HCC patients treated with 
conventional versus ablative RT.
Methods: We retrospectively analyzed medical records of HCC patients treated with liver RT from 2001 to 
2019. We defined ablative RT as biologically effective dose (BED) ≥80 Gy. RECIST 1.1 was used to define 
early responses at 3–6 months after RT, and local control (LC) at last follow-up (FU). Data was analyzed 
using Fisher exact test, Kaplan-Meier, cumulative incidence rates, Cox proportional hazards model and Fine-
Gray competing risks.
Results: Forty-five patients were identified, of whom 14 (31.1%) received ablative RT using a stereotactic 
technique. With median FU of survivors of 10.1 months, 1-year cumulative incidence of LC was 91.7% for 
ablative and 75.2% for BED <80 Gy. At early FU, patients treated with ablative RT had better responses 
compared to BED <80 Gy, with 7% progressing versus 19%, and 21.4% with complete response versus none 
(P=0.038). On univariate analysis (UVA), Child-Pugh (CP) score [hazard ratio (HR): 3 for CP-B, HR: 16 
for CP-C] and BED (HR: 7.69 for BED <80 Gy) correlated with deterioration of liver function, leading to 
liver failure. Most liver failure cases were due to disease progression. No RT-related liver failure occurred 
in the ablative RT group. On UVA, only BED ≥80 Gy was associated with improved overall survival (OS) 
(HR: 0.4; P=0.044). Median OS (mOS) and 1-year OS were 7 months and 35% respectively for BED <80 Gy 
compared to 28 months and 66% for BED ≥80 Gy. No grade 3+ bowel toxicity was reported in either group. 
Conclusions: Greater than 90% LC was achieved after stereotactic ablative RT, which was associated with 
minimized tumor- and treatment-related liver failure and improved survival for highly selected inoperable 
HCC patients.
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Introduction

Liver cancer incidence is increasing in the United States, 
with doubling annual HCC-related death (1). Hepatocellular 
carcinoma (HCC) is the most common primary liver 
malignancy. Although surgery, radiofrequency ablation 
or liver transplantation are potentially curative for non-
metastatic HCC patients with intact liver function, the 
majority of patients are either medically inoperable, have 
unresectable disease (2), recur after therapy with curative 
intent, or have significant underlying liver disease (3). 
Patients with inoperable advanced HCC have a poor 
prognosis with median survival of around 14–16 months (4,5). 
The majority of patients with advanced liver tumors die of 
liver failure due to cirrhosis or intrahepatic progression (5). 

Locoregional treatment options for inoperable HCC 
include a variety of arterially directed embolization and 
radiation therapy (RT). There is growing evidence that 
supports the use of ablative RT for the treatment of liver 
tumors, including HCC (5-8). With the advancement of 
radiation techniques, respiratory motion management, 
and image guidance, there has been an improvement in 
the therapeutic ratio of treating liver tumors. In contrast 
to other locoregional modalities, RT is not as limited by 
tumor size, presence of vascular thrombus, or proximity to 
the biliary tree, liver hilum, and portal vein. Stereotactic 
body radiation therapy (SBRT) using 3–6 fractions has 
been shown to be effective in several retrospective series 
and phase I/II clinical trials with local control (LC) of 
65–100% at 1 year (6). However, the main challenge is 
usually delivering high enough doses to ablate the tumor 
without causing serious adverse effects to the organs at 
risk (OAR) [mainly the gastrointestinal (GI) tract and the 
normal liver parenchyma], and most importantly, preserving 
liver function in cases of large tumors. This is where a more 
protracted hypofractionated ablative RT course can be 
more safely delivered (5). 

To date, the majority of published studies on the use 
of hypofractionated ablative doses for HCC, using 10 or 
more fractions, have used protons (8-11). Protons spare 
liver parenchyma because of near-zero exit dose. Photon-
based hypofractioned ablative RT is able to spare adjacent 
luminal organs better than protons and has been shown to 

be effective in the treatment of liver tumors such as HCC, 
liver metastases and intrahepatic cholangiocarcinoma  
(IHCC) (7,12,13).

There is no clear consensus regarding the optimal 
dose fractionation for photon-based RT for HCC. Many 
clinicians wish to give 5 fraction regimens but are reluctant 
to give ablative doses due to safety concerns. 

In this study, we aimed to retrospectively analyze 
outcomes of HCC patients treated at a single institution 
with conventional versus ablative photons RT.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-116).

Methods

Study design and participants

This is a single institution retrospective study. We identified all 
patients who received liver-directed RT for radiographically or 
pathologically diagnosed HCC from the institutional database, 
from January 1, 2000 to July 1, 2019 (n=45). 

Patient and tumor characteristics, in addition to details 
of systemic and liver-directed therapies, were collected from 
the electronic medical records. Child-Pugh (CP) score was 
calculated (14) at the time of RT and then at each follow-up 
to assess for a change. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional board of Memorial Sloan 
Kettering Cancer Center (MSKCC), New York (IRB 16-
370) and individual consent for this retrospective analysis 
was waived.

RT details

In 2016, we started using ablative radiation doses with a 
stereotactic hypofractionated technique for the treatment of 
localized unresectable HCC. HCC cases are discussed at a 
multidisciplinary tumor board prior to referral for ablative 
RT. Biologically effective dose (BED), a measure of the true 
biological dose delivered by a particular combination of dose 
per fraction and total dose delivered to a particular tissue, was 
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calculated for all patients. This was done using an alpha/beta 
ratio of 10 Gy. Ablative RT is defined in this study as BED 
≥80 Gy. BED ≥80 Gy was chosen as an ablative RT dose 
given that HCC is a radiosensitive tumor and extrapolated 
from the study by Tao et al. on IHCC, where they specified a 
BED of 80.5 Gy as ablative (7).

For ablative doses, most patients had fiducials placed 
prior to simulation and treatment. All patients underwent 
planning computed tomography (CT) simulation scans in 
the treatment position with intravenous contrast. Gross 
tumour volume (GTV) was contoured on the contrast-
enhanced simulation scans. Deep inspiration breath hold 
technique was preferably used for motion management. 
For those patients unable to comply with DIBH, a 4DCT 
was used and an internal target volume (ITV) was created. 
For OAR, mainly the stomach, duodenum, and small 
bowel, we created a 3–5 mm expansion of adjacent OAR to 
create a planning risk volume (PRV). The PRV was then 
subtracted from the high-dose volume to ensure protection 
of the OAR. Planning target volume (PTV) was created 
by expanding GTV/ITV by 5 mm subtracted by the OAR 
expansion. In cases with more than one dose level, CTV 
low dose was a 1-cm expansion on GTV/ITV and PTV low 
dose was CTV low dose +5 mm. CTV high dose was 5-mm 
expansion on GTV/ITV subtracted by OAR expansion and 
PTV high dose = CTV high dose.

The most commonly used dose fractionation regimens 
in this cohort were 50 Gy in 5 (BED =100 Gy) and  
60 Gy in 15 fractions (BED =84 Gy). Prescription dose was 
the dose prescribed to the periphery of the PTV with the 
following aims: GTV: V100% of prescription dose =90% 
in an ideal scenario, this can go down to V100 (GTV) 
=80% and PTV D95% ≥90% of the prescription dose. 
The fractionation scheme used was based on the size of the 
tumor and its proximity to OAR. As an institutional RT 
guideline for treating liver tumors, doses of 50–60 Gy in  
5 fractions, 45–75 Gy in 3 fractions, or 60–70 Gy in 10 are 
usually used for smaller peripheral lesions, away from the 
GI tract. For large (>5 cm) or central (within 2 cm from 
the porta hepatis) tumors, two or three dose levels are used 
as follows: 37.5/67.5 Gy or 37.5/60 Gy in 15 fractions 
with an optional 90 Gy hotspot created by contracting the 
PTV67.5 Gy by 0.5–1 cm, if away from the biliary tree. If 
the liver or GI dose constraints could not be met with the 
above fractionation, 45/75 Gy in 25 fractions is used with 
an optional 100 Gy hotspot created by contracting PTV75 
Gy by 0.5–1 cm, also if far enough from the proximal 
biliary tree. Table 1 summarizes the dose constraints for  
ablative RT.

RT was delivered using 6 MV photon beam intensity 
modulated radiat ion therapy (IMRT) with image 
verification. 

Table 1 Dose-volume constraints for ablative liver radiation therapy

Number of fractions

Organs at risk maximum doses

Stomach and duodenum 
(D1–D2)

Small bowel Large bowel Common bile duct Liver-not-GTV

3 fractions ≤27 Gy  
(ideally ≤23 Gy);  

D5cc ≤21 Gy

≤27 Gy  
(ideally ≤23 Gy);  

D5cc ≤21 Gy

≤30 Gy  
(ideally ≤25 Gy); 

D5cc ≤25 Gy

≤40 Gy 700 cc <15 Gy;  
mean <12 Gy

5 fractions ≤30 Gy  
(ideally ≤28 Gy);  

D5cc ≤25 Gy

≤30 Gy  
(ideally ≤28 Gy;  

V20 Gy <100 cc);  
D5cc ≤25 Gy

≤33 Gy  
(ideally ≤30 Gy); 

D5cc ≤30 Gy

≤55 Gy 700 cc <15 Gy;  
mean <12 Gy

10 fractions ≤40 Gy ≤35 Gy ≤45 Gy ≤60 Gy 700 cc <20 Gy;  
mean <16 Gy

15 fractions ≤45 Gy  
(V37.5 Gy ≤40 cc)

≤40 Gy  
(V37.5 Gy <40 cc)

≤50 Gy ≤70 Gy 700 cc <24 Gy;  
mean <20 Gy

25 fractions ≤60 Gy  
(V50 Gy ≤40 cc)

≤55 Gy  
(V45 Gy <40 cc)

≤65 Gy ≤80 Gy 700 cc <28 Gy;  
mean <24 Gy

 Doses are “maximum doses” unless specified otherwise. GTV, gross tumor volume.
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Outcomes and toxicities

Patients were followed with a CT scan 2–3 months after 
completion of RT and every 6 months thereafter. All included 
patients had follow-up multiphasic CT scans. Patients were 
followed until progression, or until being censored for those 
whose disease remained controlled at the time of last follow-
up. LC was determined by a single radiologist (A Araji) 
using RECIST version 1.1 criteria (15). RECIST version 1.1 
was used to assess whether lesions showed partial response, 
complete response, stable disease, or disease progression. 
Lesions that showed no progression of disease were considered 
to be locally controlled. LC and overall survival (OS) were 
both calculated from the time of the end of RT treatment. 

Toxicity data collected included GI ulceration or 
hemorrhage, biliary stenosis or cholangitis, ascites, as well 
as liver decompensation. Common terminology criteria for 
adverse events (CTCAE) version 5 was used for grading (16). 
Liver failure was defined as deterioration of liver function 
leading to a non-transient change in CP score and ultimately 
leading to death within 3 months. CP score was calculated at 
the start of RT and followed until last follow-up. The median 
follow-up for the CP score was 4 months with a range of  
1–39 months. 

Statistical analysis

Patients, tumor and treatment characteristics were 
summarized using median and range or frequency and 
percentages for the group of patients who received BED 
<80 Gy and for the patients who received ablative RT. 

OS and progression-free survival (PFS) were estimated 
using Kaplan-Meier curves for the whole cohort, 
and stratified by BED. Differences in RECIST early 
response between patients treated with BED <80 Gy 
and ablative RT were analyzed using Fisher exact test. 
LC, distant progression, and liver failure were estimated 
using cumulative incidence rates, considering death as a 
competing risk. Univariate analysis using Cox proportional 
hazards model and Fine Gray Regression model were used 
to investigate correlations between clinical and treatment 
factors with OS, LC and liver failure. All statistical analyses 
were performed using R, version 3.6.1 (R Foundation), and 
a P<0.05 was considered statistically significant.

Results

Forty-five patients underwent liver-direct RT for HCC at 

our institution, of whom 14 (31.1%) received ablative RT. 
All patients had Karnofsky performance status (KPS) of ≥70. 
The majority were males and had CP-A score. One patient 
had CP-C in the non-ablative RT group and had no other 
treatment option. The median tumor size in the ablative 
RT group was 3.8 cm (2.8–4.65 cm) compared to a median 
of 8.1 cm (1.1–18.3 cm) in the non-ablative group. Patients 
and tumor characteristics stratified by BED are summarized 
in Table 2. 

More patients in the non-ablative RT group were 
pretreated with surgery or liver embolization prior to 
receiving RT than in the ablative RT group (25.8% and 
35.5% vs. 7.7% and 7.1%, respectively). Use of systemic 
therapy prior to RT was similar in both groups (12.9% 
and 14.3%), with sorafenib as the drug of choice. Only one 
patient received doxorubicin and gemcitabine, in addition to 
sorafenib. Median nominal RT dose in the non-ablative RT 
group was 40 Gy in a median of 10 fractions with a median 
BED of 52.7 Gy, compared to a median nominal dose of  
60 Gy in a median of 12 fractions with a median BED 
of 96.9 Gy for the ablative RT group. Figure 1 illustrates 
isodose lines distribution of RT treatment for HCC 
showing an ablative RT course in (Figure 1A), 37.5 Gy/60 Gy 
in 15 fractions, and a non-ablative RT course in (Figure 1B), 
30 Gy/40 Gy in 5 fractions. Treatment characteristics are 
summarized in Table 3. 

When assessed at early follow-up (within 6 months 
of RT), patients treated with ablative RT had better 
radiographic responses compared to patients treated with 
BED <80 Gy, with 7% progressing versus 19.2%, and 21.4% 
with complete response versus none (P=0.038) (Table 4).

The 1-year cumulative incidence of local tumor control 
for the whole cohort was 80.4%, 91.7% for ablative and 
75.2% for BED <80 Gy. Hazard ratio (HR) for 1-year 
cumulative incidence of local tumor progression was 0.4 for 
the group treated with ablative RT (P=0.22). Tumor size 
was not significantly associated with local progression (HR: 
1.05, P=0.38). 

Liver failure possibly related to RT (within 3 months 
of RT and with no other identifiable cause) occurred in 
4 patients, none in the ablative RT group (Table 5). Most 
other non-RT related liver failure cases were associated with 
local tumor progression on imaging (n=7 out of 12 cases). 
Out of 16 patients who developed liver failure, 15 patients 
had deterioration of their liver function with a change in 
CP score of two or more points (Table 6) and died within  
3 months of liver failure. 

On univariate analysis, CP score (HR: 3 for CP-B, 
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HR: 16 for CP-C) and BED (HR: 7.69 for BED <80 Gy) 
correlated significantly with liver failure. There were 
too few events to run multivariate analysis of the above 
variables. 

The 1-year cumulative incidence of distant progression 
was 54.1% (95% CI: 37.0%, 68.5%) with no difference 
by BED (P=0.76). Distant progression was distributed as 
follows: around 50% isolated in the liver, 15% involved the 
liver and other sites, and 35% extrahepatic.

With a median follow-up of 10.1 months, median overall 
survival (mOS) for the whole cohort was 9 months. On 
univariate analysis, only BED ≥80 Gy was associated with 
better OS (HR: 0.4; P=0.044). Tumor vascular thrombosis 
(HR: 1.85, P=0.09), tumor size (HR: 1.05, P=0.38), 
multifocality (HR: 1.44, P=0.3), number of liver tumors 
(HR: 1.12, P=0.3), extrahepatic disease (HR: 1.1, P=0.8), 
and CP score (HR: 1.91, P=0.11) were not significantly 
associated with OS. mOS and 1-year OS were 7 months and 

Table 2 Patients and tumor characteristics stratified by BED

Characteristics BED <80 Gy (n=31) BED ≥80 Gy (n=14)

Age (years), median [range] 67 [39–89] 72 [59–86]

Gender, n (%) 

Males 29 (93.5) 9 (64.3)

Females 2 (6.5) 5 (35.7)

Hepatitis B, n (%) 9 (29.0) 1 (7.1)

Hepatitis C, n (%) 7 (22.6) 6 (42.9)

HIV 2 (6.5) 0 (0)

Unknown 0 1

Child-Pugh score at start of RT n (%)

A 20 (66.7) 11 (78.6)

B 9 (30.0) 3 (21.4)

C 1 (3.3) 0 (0)

Unknown 1 0

Recurrent disease at RT, n (%) 11 (35.5), at median of 24 months  
(8 after curative intent)

4 (28.6), at median of 18 months  
(3 after curative intent)

Extrahepatic disease, n (%) 7 (25.0) 0 (0)

Unknown 3 0

Primary tumor size (cm), median [range] 8.1 [1.1–18.3] 3.8 [2.8–4.65]

Multifocal, n (%) 15 (50.0) 8 (61.5)

Unknown 1 1

Number of tumors: median [range] 1.5 [0–5] 2 [1–4]

Unknown 1 1

Tumor vascular thrombosis, n (%) 20 (64.5) 1 (7.1)

AFP (ng/mL) before RT, median [range] 1,005 [1.6–285,416] 24 [2.7–7,768]

Unknown 5 2

AFP (ng/mL) after RT, median [range] 35 [1.7–224,601] 16 [3.6–1,693]

Unknown 6 1

BED, biologically effective dose; RT, radiation therapy; AFP, alpha fetoprotein.
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Figure 1 Isodose lines distribution of radiation therapy (RT) treatment for hepatocellular carcinoma (HCC) showing an ablative RT course 
in (A) 37.5 Gy/60 Gy in 15 fractions [planning target volume (PTV) 37.5 Gy in blue and PTV 60 Gy highlighted in orange] and a non-
ablative RT course in (B) 30 Gy/40 Gy in 5 fractions (PTV 40 Gy highlighted in blue and PTV 30 Gy in green).

Table 3 Treatment characteristics stratified by BED

Treatments BED <80 Gy (n=31) BED ≥80 Gy (n=14)

Surgery before RT, n (%) 8 (25.8) 1 (7.7)

Unknown 0 1

Radiofrequency ablation before RT, n (%) 7 (22.5) [4 (12.9) to irradiated lesion] 4 (28.6) [3 (21.4) to irradiated lesion]

Embolization before RT, n (%) 11 (35.5) [5 (16.1) to irradiated lesion] 1 (7.1) (0 to irradiated lesion)

Unknown 3 1

Prior RT*, n (%) 0 1 (7.1)*

Unknown 0 1

Systemic treatment before RT, n (%) 4 (12.9) 2 (14.3)

RT dose (Gy), median [range] 40 [20–62.5] 60 [50–75]

RT fractions, median [range] 10 [3–32] 12 [3–25]

BED, median [range] 52.7 [28–78.1] 96.9 [81.3–187.5]

*, prior 55 Gy/25 fractions to primary liver HCC then developed regional (periportal) recurrence for which the patient received ablative RT. 
BED, biologically effective dose; RT, radiation therapy; HCC, hepatocellular carcinoma.

Table 4 RECIST response by BED, 3–6 months after end of RT 
(P=0.038)

RECIST response 
BED <80 Gy (n=31),  

n (%)
BED ≥80 Gy (n=14),  

n (%)

Progression 5 (19.2) 1 (7.1)

Stable 9 (34.6) 7 (50.0)

Partial response 12 (46.2) 3 (21.4)

Complete response 0 3 (21.4) 

BED, biologically effective dose; RT, radiation therapy.

Table 5 The causes of liver failure/deterioration in liver function 
stratified by BED

Liver failure BED <80 Gy (n=25) BED ≥80 Gy (n=13)

No failure 10 (40.0) 12 (92.3)

Could be related to RT 
(no other identifiable 
causes)

4 (16.0) 0 (0)

Not related to RT* 11 (44.0) 1 (7.7)

*, majority of the cases were due to disease progression in the 
liver. BED, biologically effective dose; RT, radiation therapy.
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35% respectively for BED <80 Gy compared to 28 months 
and 66% for BED ≥80 Gy (P=0.044) (Figure 2). Median 
PFS was 3.4 months for BED <80 Gy vs. 7 months for BED 
≥80 Gy, but didn’t reach statistical significance (P=0.06) 
(Figure 3). 

Fatigue was the most common side effect of RT in 
both groups (77.4% for BED <80 Gy and 78.6% for BED 
≥80 Gy) followed by CTCAE grade 2 or less ascites, 
thrombocytopenia and nausea (50.0% vs. 28.6%, 41.9% 
vs. 57.1% and 22.6% vs. 14.3% for BED <80 Gy vs. BED 
≥80 Gy, respectively). As for grade 3+ toxicity that could 
be related to RT, there were 3 patients who had ascites 
requiring drainage (by large volume paracentesis or 

Tenckhoff catheter) only in the BED <80 Gy group. No 
grade 3+ bowel toxicity was reported in either group (Table 7). 

Discussion

The treatment of inoperable HCC with ablative RT, BED 
≥80 Gy, was associated with decreased early radiographic 
progression and less local tumor progression-related liver 
failure in our subgroup of patients. 

RECIST response at early follow-up was clearly different 
among patients treated with ablative vs. non-ablative RT 
where more patients in the ablative group had a complete 
response and fewer patients had progression of disease 
compared to the non-ablative group. However, actuarial 
LC, although numerically better for ablative RT (HR: 0.4 
for BED ≥80 Gy), did not reach statistical significance. This 
could be due to the relatively small sample size with few 
events in the ablative RT group.

Our results suggest that the improvement in survival in 
the ablative RT subgroup compared to the non-ablative BED 
<80 Gy RT doses (mOS: 28 vs. 7 months, respectively) could 
be at least partly related to the lower observed frequency of 
tumor progression-related liver failure. Death in patients 
with unresectable HCC is often related to liver failure as 
a consequence of local tumor progression, mainly causing 
portal or biliary obstruction, or functional liver parenchymal 
loss (5). In an MDACC study on IHCC patients, death 
resulted from tumor-related liver failure in 89% of patients 
in whom the cause of death could be determined (7). 

Table 6 Change in CP score of patients who experienced liver 
failure within 3 months of death

Change in CP score Count (%)

From CP-A to CP-B8 2 (12.5)

From CP-A to CP-B9 3 (18.8)

From CP-A to CP-C 4 (25.0)

From B7 to B9 1 (6.3)

From CP-B7/8 to CP-C 5 (31.3)

From CP-C10 to CP-C11 1 (6.3)

CP, Child-Pugh.
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Figure 2 Overall survival (OS) from the time of radiation therapy 
(RT) stratified by biologically effective dose (BED) (<80 vs.  
≥80 Gy), P=0.044.

Figure 3 Progression-free survival (PFS) stratified by biologically 
effective dose (BED) (<80 vs. ≥80 Gy), P=0.06.



1750 Hilal et al. Ablative radiation for HCC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(4):1743-1752 | https://dx.doi.org/10.21037/jgo-21-116

In sequential phase I and II trials by Bujold et al., SBRT 
with doses of 24 to 54 Gy in six fractions delivered to 
locally advanced HCC in patients with CP-A score resulted 
in LC of around 87% at 1 year. In their trial, SBRT dose 
was associated with LC and the reported median survival 
was around 17 months. However, they had around 30% 
grade ≥3 toxicity, including seven patients whose death 
was possibly related to treatment (13). Another study on 
HCC patients with portal vein thrombosis, a retrospective 
analysis of SBRT versus conventionally fractionated RT 
(CVRT), showed that the use of SBRT and BED ≥65 Gy 
were favorable predictors of survival. The 1-year OS was 
34.9% for SBRT vs. 15.3% for CVRT. Their reported 
survival rate is lower than the 1-year OS of around 66% 
for our subgroup of patients treated with BED ≥80 Gy. 
However, of note is that they used a lower BED and all of 
their patients had tumor vascular thrombosis, which may 
have contributed to inferior outcomes (17). 

Compared to conventional RT, higher doses of ablative 
RT improve outcomes for inoperable HCC patients. 
Our most commonly used ablative doses were 50 Gy in 
5 fractions or 60 Gy in 15 fractions. Ablative RT doses 
can be achieved with 3–6 fractions when doses approach 
around 54 Gy (5). In a review by Gerum et al. that included 
several retrospective and prospective phase I/II trials, SBRT 
(3–6 fractions) achieved good LC, 65–100% at 1 year (6). 
However, doses have to be reduced whenever safety is a 
concern mainly in tumors close to GI structures or the 
biliary tree which leads to decreased efficacy. The need 
for limiting toxicity and improving the therapeutic ratio 
remains essential for safe dose escalation. A more protracted 
hypofractionated ablative RT offers the advantage of 

increasing BED to the tumor while limiting toxicity to 
adjacent OAR.

For HCC, several hypofractionated RT trials have 
been published with ablative doses achieving high rates of 
LC and survival, but mainly using protons RT (8-11,18). 
Hong et al. used hypofractionated RT for liver tumors, 
using protons, in a multi-institutional phase II trial that 
included 44 patients with localized inoperable HCC (8). 
They showed very good survival outcomes with median OS 
of 49.9 months (95% CI lower bound, 17.8 months; upper 
bound not reached) and 1-year OS of 76.5%. 

Our study showed good local tumor control and a high 
rate of survival in patients treated with BED ≥80 Gy using 
stereotactic hypofractionated photon RT which is more 
readily available than protons in most centers. IMRT was 
used for sparing of adjacent GI organs, with no grade 3+ 
bowel toxicity and no liver failure related to RT in the 
ablative subgroup. 

It is important to note that OS in our subgroup of ablative 
RT is possibly confounded by other factors including patient 
selection, liver disease, distant metastasis, and a different era 
of treatment. The main limitation is that the two groups 
treated with ablative vs. non-ablative RT were different in 
terms of more extrahepatic disease, more advanced liver 
disease, more tumor vascular thrombosis, and larger median 
tumor sizes in the non-ablative RT compared to the ablative 
RT group. Another limitation is our inability to further 
subdivide patients with CP-B score due to their low number. 
Although those factors were not significantly associated with 
survival on univariate analysis, the retrospective design of our 
study with its inherent limitations does not allow for the same 
elimination of selection bias as a randomized controlled trial 

Table 7 Most frequent toxicities of radiation therapy treatment stratified by BED

Toxicities BED <80 Gy (n=31) BED ≥80 Gy (n=14)

Fatigue, n (%) 24 (77.4) 11 (78.6)

Thrombocytopenia, n (%) 13 (41.9) 8 (57.1)

Nausea, n (%) 7 (22.6) 2 (14.3)

Ascites not requiring drainage, n (%) 15 (50.0) 4 (28.6)

Unknown 1 0

Ascites requiring drainage, n (%) 3 (9.7) 0 (0)

Grade 3+ bowel toxicity, n (%) 0 (0) 0 (0)

Liver failure (could be related to RT), n (%) 4 (16.0) 0 (0)

BED, biologically effective dose; RT, radiation therapy.
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(RCT) would. 
However, this sheds light on the importance of patient 

selection for ablative RT whereby this subgroup has been 
carefully selected to have no extrahepatic disease and good 
liver functional reserve, with no patients with CP score of 
B8 or higher. 

There is an ongoing clinical trial randomizing patients 
with unresectable or locally recurrent HCC for photon 
versus proton RT in 5 or 15 fractions (ClinicalTrials.gov 
Identifier: NCT03186898). Our institution has partnered 
with a proton center and there’s a plan to open the 
mentioned ongoing randomized trial for the treatment for 
HCC at our institution. The patients selected for ablative 
RT at the multidisciplinary tumor board should have 
unresectable or locally recurrent HCC, no extrahepatic 
disease (defined as extrahepatic metastases or malignant 
nodes >3.0 cm, in sum of maximal diameters), CP score of 
A or B7, and 3 or fewer single or multinodular tumors. This 
will provide more definitive results on the use of ablative 
photons or protons RT for HCC. 

Conclusions

In conclusion, stereotactic ablative RT led to minimal 
toxicity, achieved >90% LC, minimized tumor- and 
treatment-related liver failure, and was associated with 
improved survival (28 vs. 7 months, P=0.044) compared 
to tumors treated with lower BED for highly selected 
inoperable HCC. It should be considered in well-selected 
patients with localized unresectable or locally recurrent 
HCC, in centers where it could be safely delivered. 
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