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Abstract: Stereotactic body radiation therapy (SBRT) is a form of radiation therapy that has been used

in the treatment of primary hepatocellular carcinoma (HHCC) over the past decade. To evaluate the clinical

efficacy of SBRT in primary HCC, a literature search was conducted to identify original research articles
published from January 2000 through January 2018 in PubMed on SBRT in HCC. All relevant studies
published from 2004 to 2018 were included. Prospective studies demonstrated 2-year local control (LC)

rates ranging from 64-95% and overall survival (OS) rates ranging from 34% (2-year) to 65% (3-year).

Retrospective studies demonstrated 2-year LC rates of 44-90% and 2-year OS rates of 24-67%. Reported

toxicities in primary HCC patients vary but SBRT appears to be relatively well tolerated. Studies comparing

SBRT to radiofrequency ablation (RFA) are few, but they suggest SBRT may be more effective than RFA in

specific primary HCC populations. Additionally, SBRT appears to increase the efficacy of both transarterial

chemoembolization (TACE) and sorafenib in selected primary HCC populations.
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Introduction

Primary hepatocellular carcinoma (HCC) is the most
common form of primary liver cancer, which itself is the
fifth-most common cancer worldwide and ranks third in
cancer-related mortality (1). The standard management of
primary HCC depends upon a number of factors including
the patient’s tumor stage, baseline liver function, and
performance status. Treatment options include surgery,
chemotherapy, and radiation therapy (RT) (2). One recent
advance in RT is stereotactic body radiation therapy (SBRT),
also known as stereotactic ablative radiotherapy (SABR).
In contrast to traditional RT, which involves small doses
of radiation in daily treatments over the course of weeks,
SBRT involves one to five treatments at relatively high
biologically effective doses of radiation to treat tumors. The
impetus for the development of this newer form of RT was
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technological advancements in immobilization, real-time
imaging, and respiratory motion compensation, which have
resulted in more precise targeting of pathologic structures
while more effectively sparing the surrounding normal
tissue (3).

SBRT finds its origins in stereotactic radiosurgery (SRS), a
similar form of radiation treatment that was developed to treat
intracranial tumors (4). Following encouraging results (5),
it was expanded to extracranial tumors in the form of SBRT.
Studies on SBRT have demonstrated good control rates
and toxicity outcomes in the lung (6-8), prostate (9-11),
and head and neck (12-14). One of the first studies of
the use of SBRT in the treatment of primary HCC was
done by Méndez Romero er al., which demonstrated the
treatment modality’s potential in terms of LC and treatment
toxicity (15). Since then, there has been a proliferation of
both retrospective and prospective studies investigating
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the efficacy and toxicity profiles related to SBRT. In this
review paper, we aim to summarize the relevant literature
concerning the use of SBRT as a treatment modality for
primary HCC, focusing on retrospective and prospective
outcomes, as well as toxicity, comparisons of SBRT to
alternative treatment modalities, and future directions. To
do so, we carried out a literature search of articles accessible
on PubMed through January 2018 related to the treatment
of primary HCC with SBRT and now present our findings.

Prospective studies

The majority of prospective studies on SBRT in HCC
patients were conducted on patients with Childs-Pugh Class
A (CP-A) and Childs-Pugh Class B (CP-B). In aggregate,
these studies provided evidence of the safety and efficacy
of SBRT in treating HCC. Two-year local control (LC)
ranged from 64% (16) to 95% (17). Overall survival (OS)
rates ranged from 34% (2-year) (18) to 66.7% (3-year) (19).
There was variation in the dosimetric parameters used in
each trial (Table 1), with dosimetric plans ranging from
12 Gy in 3 fractions to 55 Gy in 5 fractions (20,21).

Phase I trials

One of the first phase I trials investigating SBRT in HCC
patients was conducted by Méndez Romero ez 4/. in 2006
and included 8 and 17 HCC and metastatic liver cancer
patients, respectively. In the HCC subgroup, the number of
patients with CP-A, CP-B, and no cirrhosis were 5, 2, and 1,
respectively. The two most common dose fractionation
schedules were 37.5 Gy in 3 fractions and 25 Gy in
5 fractions, with one patient receiving 30 Gy in 3 fractions.
Two cases of RILD were reported, 1 classic and 1 non-
classic. One CP-B HCC patient experienced Grade 5
toxicity (decompensated portal HTN, bleeding esophageal
varices, and urinary tract infection, resulting in death), and
the 1-year crude LC rate was 80% (15).

Phase II trials

Phase II trials to date have demonstrated promising LC and
OS with minimal toxicities. Two recent phase II trials with
relatively robust sample sizes will now be detailed.

Takeda et /. 2016 included 90 patients with HCC
treated with SBRT of 40 Gy in 5 fractions (80 patients) or
35 Gy in 5 fractions (10 patients) and optional transarterial
chemoembolization (TACE). The majority of patients
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(82/90) were CP-A, and the remainder were CP-B. Median
OS was 54.7 months, with 3-year OS at 66.7%. An excellent
3-year LC rate of 96.3% was reported. Grade 3 toxicities
included elevated transaminases and thrombocytopenia in
2 and 4 patients, respectively. There were no instances of
grade 4 or grade 5 liver toxicities (19).

Feng et al. 2017 examined 69 patients with unresectable
primary HCC along with 17 and 4 patients with metastatic
liver disease and intrahepatic cholangiocarcinoma (IHC),
respectively. Dose fractionation schedule was 45 Gy
(median) in 5 fractions. In the HCC sub-group, 2-year LC
and OS were 95%. One- and two-year OS rates in the HCC
subgroup were 42% and 19%, respectively. Recurrence
of HCC was observed in 3 patients. In the subset of
73 patients with primary liver tumors, toxicities included
grade 2 ascites (1 patient), grade 3 ascites (1 patient), and
grade 3 duodenal bleeding (1 patient) 7 months after
completing treatment (22).

Retrospective studies

Retrospective studies have shown that SBRT for the
treatment of localized, unresectable HCC is safe and
effective (Table 2). Included in Table 2 are retrospective
studies focusing specifically on SBRT in HCC with a
sample size of 60 or more patients.

Numerous retrospective studies have found SBRT to be
safe and effective in both small HCC (<5 cm) (23-28) and
large HCC (>10 cm) (29-31). Two-year LC, progression-
free survival, and OS rates ranged from 44-90% (32,33),
39-48% (24,34), and 24-67% (24,35), respectively. Some
of this variability may be explained by variability of
characteristics between study populations.

One of the largest retrospective studies on HCC patients
receiving SBRT was published in 2014 by Sanuki ez 4/. 26)
and will now be examined in greater detail. One hundred
and eighty-five patients with single, unresectable HCC
lesion, measuring 5 cm or less, were included in this study.
Patients with CP-A and CP-B were treated with 40 and
35 Gy in 5 fractions, respectively, between March 2005 and
March 2012. The primary endpoints of 3-year LC and OS
were 91% and 70% respectively. There was no statistically
significant difference in the 3-year rates of LC (log-rank
P=0.99) and OS (log-rank P=0.54) between the 35 and
40 Gy groups. Post-treatment causes of death included
HCC progression, decompensated liver failure, and non-
hepatic causes. The only toxicity reported during treatment
was mild fatigue, experienced by 9 patients. Grade 3
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laboratory abnormalities were observed in 6 patients prior
to treatment. These improved to Grade 1-2 abnormalities
during treatment. Two patients, both CP-B receiving
35 Gy treatments, experienced Grade 5 liver toxicity at
3 and 6 months post-treatment, respectively.

A more recent study was published in 2017 by Lo et 4l
that retrospectively analyzed 89 patients with HCC treated
with SBRT. Notably, all patients included in this study had
advanced HCC as defined by Barcelona clinic liver cancer
(BCLC) stage C. The most common dose fractionation
schedules were 40, 45, and 50 Gy in 5 fractions each (n=19, 18,
and 14, respectively). Complete response and partial response
were achieved in 22 (26.2%) and 42 (50.0%) patients. One-
and three-year OS rates were 45.9% and 24.3%. These OS
rates are relatively low compared to other studies, possibly
due to the cohort’s advanced disease. The in-field control
rate at 3 years was 78.1%. Extrahepatic spread, main portal
vein thrombosis, and CP class (A vs. B) were found to be
associated with OS. Toxicities included RILD in 10 patients
(11.2%), of which 1 was classic RILD and 8 were non-classic
RILD, and one met criteria for both types. Two patients went
on to die from non-classic RILD (35).

Toxicity

Numerous retrospective studies have correlated acute liver
toxicities with higher baseline CP scores (36-40), with
other studies finding toxicity to be correlated with survival
outcomes (26,27). Son et al. 2010 found that just 2/60
patients with baseline CP score of A5 experienced hepatic
toxicity, compared with 4/10 and 2/4 patients with baseline
CP of A6 and B7, respectively (38). Velec er al. reported
liver toxicity in 26% of patients, as defined by an increase
in CP score of >2 points within 3 months of completing
SBRT. In a subgroup of 101 CP-A patients, a baseline
score of A6 vs. A5 was associated with increased risk of
liver toxicity (OR 4.85, P=0.0097). Other factors associated
with increased toxicity in multivariate analysis included
lower baseline platelet counts (OR 0.90, P=0.019), and
several dose-volume parameters, including mean liver dose,
effective volume, and dose to 700-900 cc of liver (37).
Studies focusing on SBRT" role in hepatobiliary toxicity
have provided variable results. In a cohort of 49 HCC patients
and 1 patient with liver metastases with tumors adjacent to
the central biliary system, treated by SBRT with >20 Gy,
Eriguchi ez al. reported just 1 patient who experienced
significant radiation-induced bile duct stenosis (41).
However, a study done in 2017 found that 7/40 HCC
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Lin et al. SBRT in primary HCC

patients treated with SBRT experienced G3+ HB toxicities,
and that the volume of central hepatobiliary tract irradiated
to a biologically effective dose of 40 and 30 Gy with an
alpha/beta ratio of 10, or Vipp, 40 (OR 1.049, P=0.0042)
and Viepo30 (OR 1.052, P=0.0091), were associated with
hepatobiliary toxicity (42).

The relationship between the change in laboratory
values and clinical outcomes has been studied for HCC
patients receiving SBRT. Serum alpha-fetoprotein (AFP)
is commonly ordered in patients with HCC to monitor
disease activity (citation needed). One retrospective study
found that AFP normalization within 3 months of SBRT
treatment was positively correlated with increased OS and
PFS in the study population (43). Another study showed
that the albumin-bilirubin score (ALBI) may be used to
predict survival and post-treatment hepatic toxicity in this
patient population (44)

RFA vs. SBRT

Recent studies have compared the efficacy of SBRT with
radiofrequency ablation (RFA) in the treatment of HCC.
RFA is one of the main non-surgical treatments of HCC (45)
and has been shown to be effective in HCC <3 cm (46).
Randomized controlled trials comparing RFA to SBRT are
lacking, and two retrospective studies and one modeling
study come to different conclusions regarding the treatment
modalities’ relative efficacy. Nonetheless, these studies
support the effectiveness of SBRT in treating small HCC.
The three studies will now be discussed in further detail.

Wahl et al. 2016 reported on a cohort of 224 patients
with inoperable, non-metastatic HCC treated with either
SBRT (n=161) or RFA (n=63) from 2004 to 2012. One- and
two-year FFLP was 83.6% and 80.2% in the RFA group,
compared with 97.4% and 83.8% in the SBRT group.
For tumors <2 cm, there was no statistically significant
difference in FFLP between the two treatment groups.
However, for tumors >2 ¢m, FFLP was superior in the
SBRT group compared with the RFA group (HR, 3.35;
95% CI, 1.17 to 9.62, P=0.025). There was no statistically
significant difference in OS between the two groups (1- and
2-year OS of 70% and 53% in the RFA group vs. 76% and
46% in the SBRT group) or in acute grade 3+ toxicities (11%
and 5% with RFA and SBRT, respectively) (47). While this
was a retrospective study, it suggests that SBRT may be
superior to RFA in HCC tumors >2 cm.

Seo et al. 2016 provides more support for the use of
SBRT in small HCC. Simulated outcomes for 20,000 virtual
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patients treated with either RFA or SBRT were analyzed.
"Two-way sensitivity analysis of their Markov model showed
no difference between SBRT and RFA for tumors <2 cm in
size. However, for tumors between 2-3 c¢m in size, SBRT
yielded a lower 1-year local recurrence rate than RFA
(1-year LR 0.2109 and 0.0541 in the SBRT and RFA
groups, respectively) (48). These results suggest that SBRT
is equally effective as RFA in the treatment of small HCC
(<3 cm) and may be superior to RFA in the treatment of
tumors >2 cm.

In contrast to the previous two studies, a National
Cancer Database study of 3,980 patients with localized
(i.e., stage I/II), non-surgically managed HCC, propensity-
matched analysis and inverse probability-weighted analysis
found a statistically significant survival advantage in patients
treated with RFA versus SBRT [i.e., 5-year OS 29.8% (95%
CL 24.5% t0 35.3%) vs. 19.3% (95% CI, 13.5% to 25.9%),
P<0.001], even when accounting for the effects of fibrosis
and cirrhosis (49).

Comparing toxicities associated with SBRT and RFA,
Shiozawa et al. 2015 reported a higher adverse event rate in
HCC patients treated with CyberKnife vs. RFA (11.4% wvs. 0%).
Additionally, the study found a statistically significant
increase in Child-Pugh score in the SBRT subgroup, as
well as a Child-Pugh score in the SBRT subgroup that
was significantly higher than that of the RFA subgroup,
12 months after treatment (50).

Sorafenib vs. SBRT

Sorafenib is a tyrosine kinase inhibitor that is currently the
standard of care in treating advanced HCC (51). The oral
chemotherapy drug inhibits tumor cell proliferation and
angiogenesis and increases the rate of apoptosis in tumor
models by inhibiting vascular endothelial growth factor
(VEGF) receptors (VEGFR-1, VEGFR-2, VEGFR-3),
platelet-derived growth factor receptor- (PDGFR-) B,
RET, ¢-KIT, FMS-like tyrosine kinase-3, and the Ras/
MAPK pathway. There have been very few phase I clinical
trials showing the effects of SBRT in combination with
sorafenib in HCC patients (52-55). Brade er a/. treated 16
patients with locally advanced Child-Pugh class A HCC
who were ineligible for standard local-regional therapies
with SBRT and concurrent sorafenib, which was given at 2
dose levels, 7 days before SBRT, and continued for 9 weeks
after SBRT (53). No dose-limiting toxicities (DLTs) were
observed in patients with an effective irradiated liver volume
(V.¢ ) <30% and sorafenib 400 mg daily, whereas worsening
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of Child-Pugh class was seen in 6 of 12 patients with Vg
of 30-60% (30-33 Gy in 6 fractions). Additionally, 2 of 3
patients in the high V¢ stratum treated with sorafenib 400
mg experienced gastrointestinal DLTs an average of 39
days after SBRT. Another phase I trial in patients with liver
metastases found that 33% of patients experienced Grade 3+
toxicity at a median of 10 days, and OS was 22.3 months for
those with effective liver volume irradiated (Vi) <80% (54).
A study using the same radiation dose and sorafenib
schedule found a median survival of 14 months and no
DLTs (55). The increased toxicity of SBRT and sorafenib
has also been found in patients with abdominal tumors
undergoing SBRT, and studies have shown that there is a
significant correlation between serious bowel injury and
treatment with VEGFI therapy within 3 months of SBRT
(P=0.0006) but not between bowel injury and radiation
therapy bowel dose (P=0.20) (56). One hypothesis for this
mechanism is that VEGF inhibitors may prevent normal
tissue recovery in the post-SBRT period and thus result in
greater SBRT-related toxicity (57).

A retrospective study looking at the results of previous
studies found that in the pre-SBRT period (after 1 week of
sorafenib), the median liver volume reduction observed was
68 cc (58). This effect was even more pronounced in focal
tumor patients, who exhibited a median volume reduction
of 98 cc. In addition, 47% of patients had reductions
larger than the 95% intraobserver contouring error. The
study did not find any significant changes in liver volume
between planning and first SBRT in patients treated with
SBRT alone. Statistically significant reduction in tumor
perfusion has also been observed just 1 week after sorafenib
administration (P<0.5) (59). These studies demonstrate that
sorafenib may have an effect on normal liver, and careful
reassessment of liver volume changes prior to SBRT may be
necessary in patients.

TACE vs. SBRT

TACE is the treatment of choice for unresectable tumors
that are too large or multifocal for other percutaneous
ablation techniques such as RFA. TACE is also commonly
used as a bridge for patients awaiting liver transplant, and is
rarely effective completely when used alone. Thus, SBRT
has been used in combination with TACE. In a phase 2
trial of HCC patients with inoperable tumors <10 cm,
38.3% of patients achieved complete remission within 6
months after completing SBRT. The 2-year LC rate, OS
rate and progression-free survival rate were 94.6%, 68.7%
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and 33.8%, respectively. Additionally, 6.4% of patients
experienced grade 3 gastrointestinal toxicity and 4.3%
experienced grade 4 gastric ulcer perforation (60). In another
study, which compared patients treated with TACE +
SBRT to those who had only been treated with TACE,
TACE+SBRT patients had significantly higher disease-
free survival (DFS) rates. The mean DFS time in the SBRT
group was 15.2 months, compared to 4.2 months in the
TACE group (61). Two retrospective studies have also
shown decreased local recurrence rates and higher OS rate
in the combined TACE + SBRT groups compared to TACE
only (33 vs. 20 months, respectively, P=0.02) (62,63). The
rates of toxicity were also very low in both studies—between
2-7% of patients experienced grade 2—4 gastrointestinal
toxicity, and in both studies one patient developed chest
wall/rib pain after SBRT.

A study in 2013 found that the order in which the
treatment was administered (SBRT then TACE versus
TACE then SBRT) did not have any significant effect on
response rate, survival rate, o-fetoprotein level restoration
rate and rate of improvement of abdominal distention and
discomfort (64). These rates were all significantly higher
compared to the group that only received SBRT. However,
the study found that the exacerbation rate of liver function
(as measured by Child-Pugh grade) was lower in the group
that received SBRT followed by TACE, compared to
TACE followed by SBRT. There have not been any other
studies that have attempted to administer SBRT followed
by TACE. Further studies are needed to better understand
this relationship.

Orthotopic liver transplantation (OLT)

Based on retrospective studies to date, SBRT is an
emerging alternative to traditional bridges to OLT such
as TACE, RFA, and radioembolization, in the treatment
of unresectable HCC. A retrospective study of 209 HCC
patients with 1-2 tumors undergoing SBRT (n=125) or
TACE (n=84) prior to OLT found no difference in OS
and better LC in the SBRT group compared to the TACE
group (65). Another study compared SBRT with yttrium-90
radioembolization, RFA, or TACE prior to OLT and found
a pathologic complete response to treatment in 28.5%,
41%, 60% and 75% of patients treated with TACE, SBRT,
RFA, and Y90, respectively, with lower levels of acute
toxicity in SBRT and Y90 (66). This was consistent with
the 27.3% complete pathological response rate in a separate
study of 16 patients receiving SBRT followed by OLT (67).
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Despite encouraging pathologic response rates, their
correlation to radiographic response has yet to be proven. In
a retrospective study of 38 patients undergoing SBRT prior
to OLT, radiographic response (68%) did not correspond
to pathological response, as 74% of patients were found to
have viable tumor post-resection. Additionally, a statistically
significant positive correlation existed between initial tumor
burden and treatment failure (68).

Discussion

In summary, SBRT has demonstrated promising results in the
treatment of primary HCC. The current body of literature
pertaining to SBRT in the treatment of HCC demonstrates
the utility of SBRT in delivering clinical outcomes and
toxicity rates comparable to those of more established
radiation modalities, such as 3D-conformal radiotherapy
(3D-CRT) and IMRT. Additionally, SBRT is well-tolerated
and provides good survival and toxicity outcomes when
compared to alternative treatment modalities, including
TACE, RFA, and sorafenib. Several areas of research could
play a significant role in further elucidating the clinical utility
of SBRT in the treatment of HCC.

Volumetric modulated arc therapy (VMAT)

One of the disadvantages of SBRT using noncoplanar
3D-CRT is prolonged duration of each treatment session
as compared to conventional radiation treatment schedules.
Prolonged treatment times decrease patients’ ability to
tolerate the procedure and predispose them to higher
intra-treatment motion (69). VMAT has been studied in
the treatment of HCC and has demonstrated the potential
to reduce treatment times while fulfilling dose-constraint
requirements (70,71).

Adaptive radiotherapy

One area of future inquiry relates to adaptive radiotherapy.
Adaptive radiotherapy has been explored using various
radiotherapy techniques as a means of selective dose
escalation (72). However, the application of adaptive
SBRT in HCC is not well studied. A recent phase 2 trial
of patients with intrahepatic tumors and preexisting liver
dysfunction treated with adaptive SBRT demonstrated high
rates of LC at 2-year follow-up (17). SBRT doses were split
into two stages, with a 4-week treatment gap in the middle
during which the indocyanine green assay was used as a
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surrogate of liver function to identify patients at high risk of
liver toxicity and adjust radiation doses accordingly. Further
inquiry into both image-guided (73,74) and indocyanine
green assay-based adaptive SBRT may hold promise for
patients with poor baseline liver function who are at high
risk of RILD.

Cost effectiveness

Few attempts have been made to evaluate the cost-
effectiveness of SBRT compared to other HCC treatment
modalities. A study comparing the cost-effectiveness of
sorafenib and SBRT in advanced HCC in Taiwan found that
SBRT was cost-effective at a willingness to pay threshold as
defined by WHO guidelines (75). A Markov modeling study
comparing a hypothetical cohort of inoperable, localized
HCC patients treated with SBRT and RFA found that RFA
may be more cost-effective in initial treatment, but SBRT
may be more cost-effective for salvage therapy of local
recurrences (76). Further cost analysis studies of SBRT in
HCC can inform treatment planning in cases where SBRT
and another treatment modality are equivalent in terms of
clinical and toxicity outcomes.

Conclusions

SBRT is a newer form of radiation therapy that has been
effectively applied in the treatment of primary HCC,
demonstrating adequate survival and toxicity outcomes
in both retrospective and prospective studies. Studies
on SBRT’s role as an adjunct to TACE and sorafenib,
a substitute for RFA, and a bridge to orthotopic liver
transplant, have all demonstrated a potential role for
SBRT, although additional prospective studies must
confirm these findings. Future studies investigating SBRT’
cost-effectiveness and potential application in adaptive
radiotherapy would provide valuable information regarding
the clinical utilization of SBRT in primary HCC.
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