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Abstract

Aims: Stereotactic body radiotherapy (SBRT) is an option for the treatment of hepatocellular carcinoma (HCC) in patients ineligible for standard local therapies.
This study reports on the safety and efficacy of SBRT in small HCC tumours (�5 cm) in the province of British Columbia.
Materials and methods: Between March 2011 and July 2015, 31 patients with ChildePugh Class A or B, with small HCCs measuring �5 cm were treated with
SBRT at our institution. Primary end points were local control, progression-free survival, overall survival and toxicity.
Results: Thirty-four hepatomas (median size 3.3 cm, range 1.3e5.0 cm) were treated. The median follow-up was 18.3 months. Twenty-six patients (84%) had
received previous liver-directed treatments. Most patients (88%) were treated with 45 Gy in three or five fractions. Six patients (19%) had worsened ChildePugh
score by two or more points during follow-up; overall 32% of patients experienced � grade 3 þ toxicities. One-year local control and overall survival were 94
and 84%, respectively. One-year progression-free survival was 49%; 81% of patients with disease progression received further HCC therapy. On univariate
analysis, small tumour size predicted for improved overall survival (P ¼ 0.01) whereas prescription biological equivalent dose (BED10) �100Gy10 approached
significance (P ¼ 0.06).
Conclusion: SBRT provides high local control to small inoperable HCC. SBRT can be delivered safely even after previous liver-directed therapies and further liver
therapies can follow treatment with SBRT. Although overall 32% of patients experienced � grade 3 þ toxicities, and 19% had a deterioration in ChildePugh score
of two or more points, these changes were mainly transient with minimal clinical impact. Despite excellent local control, disease progression outside of the
irradiated site remains prominent. Further studies are warranted to examine combined therapy approaches to maximise disease control.
� 2019 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver and is the second leading
cause of cancer-related death worldwide [1]. Although the
incidence of HCC is highest in South East Asia, rates have
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increased significantly in Western Europe and North
America, due to an increase in the prevalence of obesity and
alcoholic liver disease [2].

Treatment of HCC is dependent on many factors,
including stage, location, size of tumour(s) as well as un-
derlying liver function and comorbidities [3,4]. Standard
curative treatment options for operable HCC include sur-
gical resection and liver transplant, with the latter
providing a long-term survival of up to 70e85% at 4 years
[5]. For small inoperable tumours, typically <3 cm, radio-
frequency ablation (RFA) and percutaneous ethanol injec-
tion have been used as curative options [3]. Transarterial
adiologists.
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chemoembolisation (TACE) has been shown to improve
survival compared with best supportive care in large
inoperable tumours, and in multifocal disease, although is
not considered curative [6,7].

Historically, radiotherapy for HCC was not regarded as a
safe or effective treatment option due to high rates of
radiation-induced liver disease (RILD) [8]. Advances in
technology and in the biological understanding of liver ra-
diation tolerances have led to the development of more
conformal radiotherapy techniques allowing for partial liver
irradiation while significantly reducing the risk of RILD.
Stereotactic body radiotherapy (SBRT) has therefore
emerged as a feasible and safe treatment option for patients
with HCC ineligible for other local treatments, with local
control rates comparable with those of RFA [9e19]. For tu-
mours �2 cm, SBRT may even offer superior local control
when compared with RFA [19]. In this study, we contribute
to the published literature by reporting on the clinical
outcomes of patients with small (�5 cm) HCCs treated with
SBRT at our institution.
Materials and Methods

Patient Population

This retrospective, single institution study included the
first 31 HCC patients with small tumours (�5 cm) treated
with SBRT at the British Columbia Cancer Agency between
March 2011 and July 2015. Eligibility criteria included pa-
tients with fewer than five synchronous lesions with none
greater than 5 cm, ChildePugh score A or B, no evidence of
extrahepatic disease and an Eastern Cooperative Oncology
Group (ECOG) score �2. Patients who had received prior
liver-directed treatments were included. Treatment de-
cisions were made at the discretion of the institutional
multidisciplinary liver tumour board, following National
Comprehensive Cancer Network (NCCN) guidelines. RFA
was typically used as first choice for small tumours (<3 cm)
whereas SBRT was reserved for patients ineligible or un-
suitable for other local treatments, due to liver function,
tumour position or progression after TACE or RFA. A diag-
nosis of HCC was established by biopsy or by meeting
radiological criteria according to the American Association
for the Study of Liver Disease [4]. Pretreatment evaluation of
all patients included a clinical examination, multiphasic
computed tomography scan and/or magnetic resonance
imaging (MRI), baseline complete blood count, liver func-
tion tests, liver enzymes and alpha fetoprotein. Approval for
this study was obtained from the British Columbia Cancer
Agency Research Ethics Board.

Stereotactic Body Radiotherapy Treatment

At least three gold fiducial markers were implanted in
proximity to the tumour(s) under ultrasound guidance
prior to radiotherapy planning, unless previous implanted
markers such as surgical clips, bile duct stents or lipiodol
were deemed adequate for tumour targeting. At the time of
simulation, liver motion during respiration was evaluated
on fluoroscopy to determine if the patient would be best
suited for gated treatments. Patients with a �2 cm cranial-
caudal movement of fiducials and adequate correlation
between the external respiratory marker block and fiducials
were gated to reduce treatment volume. For patients un-
suitable for gated treatments, a standard contrast-enhanced
helical computed tomography simulation scan and free-
breathing four-dimensional computed tomography scan
were obtained. For gated patients, a contrast-enhanced
computed tomography scan during expiratory breath hold
was obtained in place of a helical computed tomography
scan. In addition, a four-dimensional computed tomography
scan was obtained to evaluate motion within the gating
window. All patients were simulated supine in a customised
Vac-Lok for immobilisation. Abdominal compression was
not used.

Postfiducial placement, pretreatment diagnostic multi-
phasic computed tomography and MRI scans were fused
with the radiation planning computed tomography scans to
aid in tumour delineation in gated and non-gated patients.
Scans were fused using rigid deformation, matched to fi-
ducials, with priority given to the fiducial closest to the
tumour. Gross tumour volume (GTV) was defined as the
arterial enhancing lesion(s) with washout on delayed phase
of the coregistered diagnostic scan. The clinical target vol-
ume (CTV) was an isotropic 5 mm margin around the GTV,
but not extending outside of liver parenchyma. For non-
gated patients, an anisotropic margin of 2e10 mm was
added to the CTV in all directions to generate an internal
target volume (ITV), based on fiducial movement on the
four-dimensional computed tomography scan. No ITV was
created for gated patients. The planning target volume
(PTV) corresponded to the CTV (or ITV) with a 3e5 mm
isotropic margin. PTV margins were determined based on
the accuracy of the fusion between diagnostic and planning
computed tomography scans, as well as the size and visi-
bility of the target lesion on the planning computed to-
mography scan.

Organs at risk (OAR) were contoured on the helical ra-
diation planning computed tomography for non-gated pa-
tients and the exhale breath hold computed tomography for
gated patients. These included: spinal cord, liver, stomach,
duodenum, small bowel, large bowel, skin, kidneys, great
vessels and chest/abdominal wall. American Association of
Physicists in Medicine Task Group (AAPM TG) 101 dose
constraint guidelines were followed [20] (see Table 1). Liver
dose constraints were based on liver minus GTV volume.

Treatment was delivered using volumetric arc radio-
therapy with 6 or 10 MV photon energy on a Varian
TrueBeam� linear accelerator. Treatment doses were indi-
vidualised based on the location of the tumour in relation to
the tolerance of nearby OAR. The planning aimwas to cover
95% of the PTV by the prescription dose and 99% of the PTV
by at least 90% of the prescription dose. The dose prescribed
to the PTV ranged from 40 to 55 Gy in three to five fractions.
Dose constraints to OAR were placed as a higher priority
than PTV coverage and, as such, PTV under-coverage was
allowed. Daily image guidance with cone-beam computed



Table 1
Summary of organ at risk tissue dose constraints [20]

Organ Maximum critical volume
above threshold (cm3)

Three fractions Five fractions

Threshold
dose (Gy)

Maximum
point dose* (Gy)

Threshold
dose (Gy)

Maximum
point dose* (Gy)

Spinal cord <0.35 18 21.9 23 30
Livery 700 15 NA 18 NA
Oesophagus <5 17.7 25.2 19.5 35
Heart/pericardium <15 24 30 32 38
Great vessels <10 39 45 47 53
Stomach <10 16.5 22.2 18 32
Duodenum <5 16.5 22.2 18 32
Large bowel <20 24 28.2 25 38

NA, not applicable as parallel tissue.
* ‘Point’ defined as 0.035 cm3 or less.
y Minimum critical volume estimate:�700 cm3 of normal liver (livere gross tumour volume) to receive�15 Gy in three fractions and�18

Gy in five fractions.
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tomography was carried out to localise the target before
treatment delivery for non-gated patients, whereas
orthogonal fluoroscopy before and during treatment de-
livery was used for gated patients.

Follow-Up

Patients were evaluated every 3 months for the first year
after treatment and every 6 months thereafter. A clinical
examination, blood work and either multiphasic computed
tomography or contrast-enhanced MRI were carried out at
each follow-up visit. Toxicities were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE)
v.4.0 and measured from the end date of radiotherapy and
censored at the time of disease progression, upon delivery
of other liver-directed treatments or at the last follow-up.
Classic RILD was defined as: anicteric hepatomegaly and
ascites, typically occurring between 2 weeks and 3 months
after therapy, with an elevated alkaline phosphatase (more
than twice the upper limit of normal or baseline value) [21].
Response Evaluation Criteria in Solid Tumours (RECIST)
were used to assess the local tumour response [22]. Pro-
gression was defined either as local failure (occurring
within the PTV), regional failure (occurring within the liver
but outside the PTV) or metastatic progression.

Statistical Analysis

Quantitative variables were reported by median and
range, and qualitative variables by frequency and percent-
age. Local control, progression-free survival (PFS) and
overall survival were calculated from the end of radio-
therapy and analysed using KaplaneMeier survival analyses
with Log-rank testing. A univariate analysis was carried out
to explore the impact of patient-, tumour- and treatment-
related factors on outcomes. P values less than 0.05 were
considered statistically significant. Results were analysed
with SAS Version 9.3 for Microsoft Windows (SAS Institute
Inc., Cary, NC, USA).
Results

Patient and Treatment Characteristics

Thirty-four separate hepatomas in 31 patients were
treated, with a median size of 3.3 cm (range 1.3e5.0 cm).
Baseline patient and treatment demographics are presented
in Table 2. The most common cirrhosis aetiologies were
hepatitis B and C (52 and 29%, respectively). Thirty patients
(97%) had a pretreatment ChildePugh score of �B7; one
patient had a baseline ChildePugh score of B8. Twenty-six
patients (84%) had received liver-directed therapy prior to
SBRT. In total, there were 50 previous liver-directed thera-
pies in these 26 patients (median 2, range 0e4).

Treatment factors are shown in Table 3. Radiotherapy
prescription doses ranged from 40 to 55 Gy in three to five
fractions, with 88% of lesions receiving 45 Gy in three or
five fractions. Four patients (13%) were treated with a gated
plan. Biological equivalent dose, assuming an a/b of 10
(BED10), was calculated and reported in light of the het-
erogeneous prescription doses. Twenty-four (71%) lesions
were treated with a BED10 prescription dose�100 Gy10. The
median BED10 to 95% of the PTV (D95) was 104.8 Gy10
(range 45.0e116.5 Gy10). BED10 D95 for the PTV was �100
Gy10 in 20 patients (59%) and �80 Gy10 in 27 patients (79%).

Treatment Outcomes

The median follow-up was 18.3 months (range 2.1e50.1
months); at the time of last follow-up, 20 patients (65%)
were alive. Local control was 94% at both 1 and 2 years
(Figure 1A). PFS at 1 and 2 years was 49 and 37%, respec-
tively, whereas overall survival was 84% at 1 year and 74% at
2 years (Figure 1B, C). Twenty-one patients (68%) had
developed progression of disease at the time of analysis: 16
patients developed regional failure (occurring within the
liver but outside the PTV), there were three local failures at
the same time as regional failure and two patients devel-
oped distance relapse as first presentation of disease



Table 2
Baseline patient and prior treatment characteristics

Characteristics All patients (n ¼ 31) n (%)

Age, years
Median 64
Range 48e88

Gender
Male 24 (77.4%)
Female 7 (22.6%)

ECOG status
�1 28 (90.3%)
2 3 (9.7%)

Cirrhosis aetiology
Unknown 2 (6.5%)
Hepatitis C 9 (29.0%)
Hepatitis B 16 (51.6%)
Alcohol 0 (0%)
Combination 4 (12.9%)

Pretreatment ChildePugh score
A5 19 (61.3%)
A6 9 (29.0%)
B7 2 (6.5%)
B8 1 (3.3%)

Portal venous thrombosis 3 (9.7%)
Baseline AFP
Median 18
Range 1.3e6100

Baseline ALBI score
Grade 1 16 (51.6%)
Grade 2 13 (41.9%)
Grade 3 2 (6.5%)

Previous treatment
None 5 (16.1%)
Any* 26 (83.9%)

Previous TACE 15 (48.4 %)
Previous RFA 17 (55%)
Previous PEI 3 (9.7%)
Previous surgery 14 (45.2%)
Previous Y-90 1 (3.2%)

AFP, alpha fetoprotein; ALBI, albuminebilirubin score; ECOG,
Eastern Cooperative Oncology Group; TACE, transarterial emboli-
sation; RFA, radiofrequency ablation: PEI, percutaneous ethanol
injection: Y-90, yttrium-90.
* Includes TACE, RFA, PEI, surgery and Y-90.

Table 3
Tumour and dosimetric parameters of treated hepatomas

Characteristics All tumours (n ¼ 34) n (%)

Tumour size (cm)
Median 3.3
Range 1.3e5.0

Prescription dose (n, %)
55 Gy/3 fractions 1 (2.9%)
45 Gy/3 fractions 22 (64.7%)
50 Gy/5 fractions 1 (2.9%)
48 Gy/5 fractions 1 (2.9%)
45 Gy/5 fractions 8 (23.5%)
40 Gy/5 fractions 1 (2.9%)

Prescription BED10 � 100 Gy10 24 (70.6%)
Gated plan 4 (11.8%)
PTV volume (cm3)
Median 82.0
Range 22.4e252

PTV V100%
Median 93
Range 64e99

PTV V95
Median 98
Range 70e100

D95 BED10, Gy10
Median 104.8
Range 45.0e116.5

D95 BED10 (Gy) � 80 Gy10 27 (79.4%)
D95 BED10 (Gy) � 100 Gy10 20 (58.8%)
Liver e GTV mean dose, Gy
Median 10.1
Range 3.7e20.1

BED, biological equivalent dose assuming a/b ¼ 10; D95, minimum
dose delivered to 95% of the PTV; GTV, gross tumour volume: PTV,
planning target volume; PTV Vx, PTV receiving x% of prescribed
dose.
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progression (Table 4). Two patients died prior to radiolog-
ical evidence of relapse while eight patients had no evi-
dence of disease progression at the time of the analysis. Of
the three patients who developed local failure, two had
tumour progression within the 95% isodose line, whereas
one patient had progression within the 50% isodose line.

Seventeen (81%) patients with disease progression went
on to receive further HCC therapy. Three patients received
sorafenib, whereas 14 patients had further liver-directed
treatments for disease progressing within the liver outside
the SBRT site, including three patients who underwent liver
transplantation. Four patients did not receive further
treatment after progression due to advanced disease, a
decline in performance status or markedly worsening liver
function.
Two of the three patients who underwent liver trans-
plantation had radiographic documentation of disease
progression outside the SBRT site. Pathology showedmostly
necrosis within the treated volume with viable tumour
elsewhere. The third patient who underwent a transplant
had worsening liver function without evidence of residual
disease or disease progression on imaging. Pathology at the
time of the transplant, however, revealed residual disease at
the site of SBRT.

No patient, tumour or treatment factors, including age,
presence of portal vein thrombosis, baseline ChildePugh
score or change in ChildePugh score, tumour size pre-
treatment alpha fetoprotein, prescription dose or PTV
coverage, were predictive of improved local control on
univariate analysis. For PFS, only a higher baseline
albuminebilirubin (ALBI) score [23], analysed as a contin-
uous variable, predicted for a worse outcome (P ¼ 0.02). For
overall survival, larger tumour size, analysed as a contin-
uous variable, was associated with a worse outcome
(P ¼ 0.01), whereas prescription BED10 dose � 100 Gy10
approached significance for improved survival (P ¼ 0.06)
(Table 5). Baseline ChildePugh score � B7, an increase in
ChildePugh score at 3 months by two or more points and a



Fig 1. KaplaneMeier curve of (A) local control, (B) progression-free
survival, (C) overall survival.
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higher baseline ALBI score were not predictive of worse
overall survival (P ¼ 0.18, P ¼ 0.30 and P ¼ 0.27, respec-
tively). Due to low cohort numbers, a multivariate analysis
was not carried out.
Toxicity

There were no reported cases of classic RILD during
follow-up. Six patients (19%) had a worsened ChildePugh
score by two or more points, which occurred at a median
follow-up of 3 months after SBRT. This was associated with
disease progression in two patients. Of the four patients
who did not progress, two A6 patients worsened to B8, one
to a B9 and one to C12 (secondary to hepatitis reactivation).
ChildePugh score worsening was transient for two patients
but persistent in the remaining two.

Overall, 10 patients (32%) had documented grade 3 or
higher toxicity during follow-up after SBRT. In seven of
these 10 patients, the grade 3 þ toxicity occurred within 3
months after treatment. Three of these patients had eleva-
tion in gamma-glutamyltransferase (GGT), one had eleva-
tion in bilirubin and one had aspartate aminotransferase
elevation. Three patients with grade 3 elevated liver func-
tion tests (one with hyperbilirubinaemia and two with
elevated GGT) had progressive regional liver disease at first
follow-up and this may have contributed to their laboratory
values. Toxicity was transient in the one patient with raised
aspartate aminotransferase, whereas one patient had a
grade 3 elevation of GGT at baseline that did not change
after SBRT.

There was one acute grade 3 gastrointestinal bleed; this
patient did require hospital admission due to melaena but
did not require a transfusion. Endoscopy revealed a 1.5 cm
non-metastatic duodenal ulcer, but no deterioration of
oesophageal varices. This patient received 40 Gy in five
fractions and the maximum dose to the duodenumwas 31.0
Gy, lower than the accepted dose tolerance of 32 Gy pub-
lished in the literature [20]. One patient developed acute G4
toxicity due to liver failure and elevation of bilirubin. This
occurred 3 months after SBRT, but was felt secondary to
decompensation of underlying liver cirrhosis from hepatitis
C. The patient had a baseline ChildePugh score of A6, which
increased to a score of C12 at 3 months. The patient had
received previous TACE and RFA procedures and was
treated with a dose of 45 Gy in three fractions to a 3.6 cm
diameter hepatoma. The mean liver dose was 7.9 Gy and
1116 cm3 of liver received <15 Gy, meeting acceptable liver
dose tolerances [21]. The patient passed away 3.5 months
after SBRT.

Three patients developed late toxicity, occurring more
than 3 months after treatment. In one patient this was a
transient thrombocytopenia and in another a transient
elevation in GGT. Overall, only one patient had irreversible
grade 3 toxicity (hyperbilirubinaemia) without evidence of
disease progression that occurred 8months after treatment.
Discussion

There is a growing body of literature supporting the use
of SBRT in the treatment of HCC, with recent studies
showing local control rates comparable with RFA and
improved local control rates when compared with TACE
[19,24]. As a result, the 2018 NCCN guidelines suggest that



Table 4
Sites of first recurrence

Site of initial recurrence Number of patients Time to first recurrence (months)
Median (10th, 90th percentile)

Regional* 16 6.4 (1.6, 24.4)
Localy and regional 3 3.1 (2.3, 25.6)
Distant relapse 2 4.7 (4.4, 5.0)

* Within the liver but outside the planning target volume (PTV).
y Within the PTV.
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SBRT can be used as an alternative to RFA/TACE in inoper-
able HCC [25]. In contrast, the 2018 European Association
for the Study of Liver Cancer (EASL) guidelines state that at
present there is no robust evidence to support this thera-
peutic approach. Our study therefore contributes to the
literature, by showing that SBRT is well tolerated and offers
excellent local control rates for patients not suitable, or
refractory, to other liver-directed therapies.

Our 1- and 2-year local control rates of 94% compare
favourably with the 70e100% local control rates reported in
most studies on SBRT, including one of the largest reported
series by Sanuki et al. [9,11,13,15,16]. In our study, treatment
dose and fractionation were individualised based on the
location of the tumour in relation to the tolerance of nearby
OAR. Despite this, PTV coverage was good, with a median
D95 BED10 dose coverage of 104.8 Gy10 (range 45.0e116.5
Gy10). In the study by Sanuki et al. [16], the outcomes of 185
patients with tumours <5 cm treated with 35 or 40 Gy in
five fractions were analysed. The 2-year local control was
93% and was not different between the two dose fraction-
ations, suggesting that a lower dose than prescribed in our
current institution may be equally effective in providing
adequate local control [16]. By contrast, Bujold et al. [15]
analysed the outcomes of 102 patients treated with doses
ranging from 24 to 54 Gy (in six fractions) and showed that
increased dose was associated with increased local control
on univariate analysis.
Table 5
Univariate analysis of factors associated with overall survival

Variable Haz

Age at SBRT* 1.0
ECOG (2 versus 0e1) 1.7
Previous treatment 1.1
Tumour size* 3.3
Pretreatment AFP* 1.3
Pretreatment ChildePugh score � B7 2.4
Pretreatment ALBI score* 1.82
Prescription BED10 � 100 Gy10 0.3
D95 BED10 � 80Gy10 0.3
D95 BED10 � 100Gy10 0.5
ChildePugh score change after SBRT (�2 versus < 2) 2.1
Post SBRT treatment 0.8

AFP, alpha fetoprotein; ALBI, albuminebilirubin score; BED, biological e
95% of the planning target volume; ECOG, Eastern Cooperative Oncolo
* Analysed as continuous variables.
Overall survival in our study was 84% at 1 year and 74% at
2 years, which is also in line with published literature
[9e11,13,16,17,19,26]. On univariate analysis, smaller
tumour size was predictive of improved overall survival,
whereas prescription BED10 dose �100 Gy10 approached
significance. In our series, tumour size and prescription
dose may be interrelated, as larger tumours were more
likely to have been prescribed a lower prescription dose to
meet liver constraints. As with local control, there are
conflicting reports on whether prescription BED10 and
tumour size are prognostic for overall survival. This may be
due to the use of variable size and dose criteria for analyses
in published studies, as clinically relevant values are not
known. In our study, tumour size was analysed as a
continuous variable due to small cohort numbers. In a
retrospective study by Scorsetti et al. [17], BED10 > 100 Gy10
and GTV < 5 cm predicted for improved overall survival in
tumours <6 cm treated in three or six fractions. Similarly,
Huang et al. [27] showed that tumours <4 cm were pre-
dictive of improved overall survival in recurrent HCC
patients treated with 37 Gy in four to five fractions. Inter-
estingly, BED10 > 100 Gy10 and tumour size <3 cmwere not
predictive of overall survival in a large Japanese retrospec-
tive study of 79 HCC patients [10]. Clearly, to definitively
answer what dose is desired for best local control and
overall survival, larger sample sizes with more congruent
BED dose and tumour size datasets are needed.
ard ratio 95% confidence interval P value

1.0e1.1 0.23
0.2e14.3 0.62
0.2e5.3 0.92
1.3e8.3 0.01
0.7e2.4 0.42
0.7e9.1 0.18
0.6e5.2 0.27
0.1e1.1 0.06
0.1e1.2 0.08
0.1e1.8 0.28
0.5e8.9 0.30
0.5e1.3 0.41

quivalent dose assuming a/b¼ 10; D95, minimum dose delivered to
gy Group; SBRT, stereotactic body radiotherapy.
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Our 1- and 2-year PFS rates were 49 and 38%, respec-
tively. Our reported PFS rates are low, but are in line with
other published literature, indicating a high probability of
progressive disease elsewhere in liver by 2 years despite
excellent local control [11,17]. The lower PFS rates probably
reflect the population being studied, as most (84%) patients
in our cohort received prior treatment with other modal-
ities and therefore have already shown a propensity for
disease recurrence within the liver. Furthermore, as SBRT is
often used later in a patient’s disease course, PFS and overall
survival after SBRT may appear shorter than other local
modalities that are commonly used at first disease pre-
sentation. The low PFS rate provides a rationale for inves-
tigating combination therapy with SBRT, including systemic
therapies and TACE. The RTOG 1112 clinical trial
(NCT01730937) is currently accruing patients to investigate
the role of adding SBRT to sorafenib therapy [28]. Retro-
spective studies and meta-analyses on combining TACE
with SBRT have also shown favourable results, although
larger prospective studies are required to confirm these
findings [14,29e33].

In our cohort, 84% of patients received liver-directed
therapy before SBRT, which is higher than most recent
studies [12,13,15,18,34]. Liver-directed therapies can
decrease the functional capacity of the liver, particularly in
those with underlying liver disease, and increase the risk of
adverse events from irradiation. Despite this, SBRT was well
tolerated in our study, with no patients experiencing classic
RILD and only six patients (19%) having a worsened
ChildePugh score by 2 or more points. This decline in
ChildePugh score is consistent with previous studies. For
example, Andolino et al. [13] reported a 20% deterioration
after SBRT, whereas Bujold et al. [15] reported a 29% decline
(in those without disease progression). Although we report
that overall 10 patients (32%) experienced grade 3þ toxicity
during follow-up, seven patients (23%) developed toxicity
within 3 months after treatment. The remaining three
patients experienced late toxicity. Furthermore, most tox-
icities were haematological and transient in nature. Our
acute toxicity rates are in keeping with comparable studies;
Weiner et al. [40] recently reported on a cohort of patients
with ChildePugh score < 8 treated with SBRT and reported
23% acute grade 3 þ toxicities, whereas Andolino et al. [13]
reported that 36.7% of patients developed grade
3 þ haematological toxicities after SBRT. Sanuki et al. [16]
reported 24% grade 3 þ toxicities (primarily thrombocyto-
penia) and Bujold et al. [15] reported 30% grade
3 þ toxicities overall (predominately elevated in trans-
aminases), which takes into account non-haematological
toxicities beyond 3 months.

Our relatively low toxicity rates are therefore reassuring,
particularly in our cohort of heavily pretreated patients.
This may help to explain the large number of patients who
went on to receive further liver-directed treatments after
SBRT, despite their initial ineligibility for other treatments.
SBRT provided excellent local control to tumours that could
not be readily targeted by other therapies due to a variety of
factors, including location, prior recurrence or tumour size.
As patients frequently progressed outside the SBRT treated
areas, the low toxicities and well-maintained ChildePugh
score after radiotherapy allowed patients to remain candi-
dates for other local therapies. This does provide strong
evidence that SBRT can be added safely into the HCC
treatment algorithm in conjunction with other therapies
and leads us to ask whether SBRT should now be considered
earlier in the treatment pathway.

Although SBRT was not specifically used to downstage
before transplant, it is interesting that three patients in our
cohort underwent liver transplantation after receiving
radiotherapy. Several studies have suggested a role for SBRT
as a bridge to transplant, as it is well tolerated and can result
in a complete pathological response [35e38]. Although
beyond the scope of this study, the role of SBRT in bridging
to transplant is intriguing and certainly warrants future
investigation.

This study had the inherent limitations of a retrospective
study from a single institution. Our patient population may
therefore be individual to British Columbia; for example,
none of our HCC cases were due to alcohol, whereas in
North America and Europe alcohol accounts for 30e40% of
cases [39]. Furthermore, as withmost liver SBRT studies, the
radiation dose was not homogenous. This common scenario
reflects real-life practice where prescription dose is indi-
vidualised to not exceed OAR dose tolerances. In general,
our patient cohort received prescription doses in line with
comparative studies. BED10 doses have also been reported
to allow for comparison of outcomes to past and future
studies.

In conclusion, SBRT to small inoperable HCC provides
high local control rates with acceptable toxicities, even in
patients who have received prior liver-directed treatment.
Although overall 32% of patients experienced � grade
3 þ toxicities (23% acute) and 19% had a deterioration in
ChildePugh score of two or more points, these changes
weremainly transient withminimal clinical impact. Despite
excellent local control, disease progression outside of the
irradiated site remains prominent. This study shows that
SBRT can be delivered safely even after previous liver-
directed therapies and that further liver therapies can
follow treatment with SBRT. However, the exact positioning
of SBRT within the HCC treatment algorithm remains un-
certain and further studies are warranted to examine the
role for SBRT in combination with other modalities to
maximise disease control in the liver.
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