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Introduction

Hepatocellular Carcinoma (HCC) is the most common type
of primary liver cancer and the fourth most common cause
of cancer-related death worldwide [1]. Over the past three
decades, primary liver cancer mortality rates have more than
tripled in the United Kingdom (UK) [2,3]. The rise in incidence
of HCC can be explained by a rise in underlying liver cirrhosis
[4]. Cirrhosis can be due to several aetiologies including chronic
hepatitis B or C infection, alcoholic liver disease, and Non-
Alcoholic Fatty Liver Disease (NAFLD) [5].

Abstract

Background: Stereotactic Ablative Body Radiotherapy (SABR) is
a highly focused radiation treatment that delivers an intense dose
of radiation to a tumour whilst limiting exposure of surrounding
tissues. SABR has been associated with improvement in survival
and good rates of local control in non-surgical candidates with
Hepatocellular Carcinoma (HCC). The aim of this study was to
evaluate the outcomes of HCC patients treated with SABR after its
introduction in a tertiary referral hepatobiliary centre. Methods: A
total of 32 patients (median age 73 years {47 to 85}, 78% male) who
received SABR for HCC liver lesions between July 2020 and August
2022 were retrospectively analysed. Patient, treatment and follow-
up details were obtained from online patient records and imaging.
Results: Overall Survival rate was 78% at a median follow-up of 12
months (range 4 to 30). Local control was achieved in 72%, while
progression occurred in 31%. Median time to progression was 6
months (range 3 to 31). The rate of progression-free survival at 12
months was 62.5%. Only 31% reported toxicities. No patients in the
study group experienced any Grade > 3 toxicities. Conclusion: Our
experience suggests SABR is a viable, well-tolerated and effective
treatment option for patients with HCC .

Treatment of HCC is informed by the size and location of
liver lesions as well as underlying liver function and medical
comorbidities [6]. Patients with HCC frequently present with
advanced disease on a background of hepatic decompensation,
limiting treatment options. Criteria such as Child-Pugh (CP) [7]
classification and Eastern Cooperative Performance Status (PS)
[8] have been developed to estimate treatment tolerance and
risk of liver decompensation in order to guide treatment choice
and avoid futile interventions.
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The Barcelona Clinic Liver Cancer (BCLC) staging system
uses a set of criteria (CP, PS and radiological tumour extent) to
guide the management of patients with HCC [9,10]. Patients
presenting at very early stage or early stage (BCLC stage 0 and
A) are offered radical therapy; either liver transplantation or
resection (if presenting with a single tumour in the absence of
portal hypertension or significant underlying liver dysfunction).
Non-surgical candidates with lesions relatively distant from
major vessels or bile ducts may be offered percutaneous
Radiofrequency Ablation (RFA) or Microwave Ablation (MWA)
[11]. Patients with multifocal disease (BCLC stage B) may
be offered therapies such as trans arterial embolisation or
chemoembolisation (TAE or TACE). Systemic chemotherapy
such as oral tyrosine kinase inhibitors can be used for palliative
treatment in patients with macrovascular invasion (BCLC
stage C) whilst patients unsuitable for these treatments for
anatomical reasons, or those with disease progression following
ablation or TACE, may be suitable for Stereotactic Ablative
Body Radiotherapy (SABR). SABR is a highly focused radiation
treatment that delivers an intense dose of radiation to a tumour
whilst limiting exposure of surrounding tissues. Technological
advances in the delivery of SABR and an increasing body of
literature establishing high rates of Local Control (LC) with
low rates of toxicity have led to SABR emerging as a novel and
important treatment modality in the management of both early
and more advanced HCC [12-16].

The aim of this study was to evaluate the outcomes of
HCC patients selected for treatment with SABR during its
introduction in a tertiary referral Hepatobiliary (HPB) centre in
the UK. The primary outcomes were Overall Survival (OS) and
safety (toxicity). Secondary outcomes were LC, Progression-
Free Survival (PFS) and feasibility of SABR as a treatment for
HCC.

Materials and Methods

All patients who received SABR for HCC liver lesions between
July 2020 and August 2022 were retrospectively analysed.
Eligibility for SABR was determined via the weekly HPB cancer
Multidisciplinary Team meeting (MDT). Patient characteristics,
PS and CP were obtained from online patient records [7,8].
Charlson Comorbidity Index (CCl) was calculated using the HPB
MDT referral data [17].

Imaging

Computed tomography (CT) or Magnetic Resonance Imaging
(MRI) for each patient was reviewed by an experienced
investigator specialised in liver radiology (MC) to determine
tumour location, number and size of lesions. Follow-up imaging
was further reviewed to determine LC or disease progression.
Progression was defined using modified Response Evaluation
Criteria in Solid Tumors (mRECIST) as: an increase in the sum of
maximum tumour diameters of at least 20% or the development
of any new lesions [18]. LC was defined as freedom from local
progression by mRECIST.

Treatment details

Patients were positioned supine with their arms above their
head using the Elekta WingSTEP wingboard. Knee and ankle
supports were used to improve comfort. The Elekta Active

Breathing co-ordinator was used to minimise motion artefact.
To define the targeted lesions for Gross Tumour Volume (GTV)
delineation, the multiphase contrast-enhanced CT or MRI
images were imported into the planning system and fused
with the images from planning CT (Figure 1). A planning three-
dimensional CT scan with intravenous contrast was acquired
in exhale breath hold with 2 mm slices. The planning target
volume (PTV) was determined by adding an internal margin and
a setup margin to the GTV to compensate for the internal organ
movement and positional uncertainties, namely 8 mm superior
and inferior and 6 mm in all other planes. Dosimetry plans
were calculated on Raystation and a Volumetric Modulated Arc
Therapy (VMAT) plan generated. Normal tissue constraints were
derived from the national UK SABR consortium guidelines [19].
Treatment was delivered on Elekta Versa HD linear accelerator
with daily cone beam CT.

Follow-up

Patients were aimed to be followed up at three months,
six months and then at six-monthly intervals until two years
with liver function tests, AFP estimation and CT/MRI imaging
as appropriate. Reported toxicities were obtained either from
clinic follow-up documentation, hospital admission or General
Practitioner (GP) records where available. Toxicities were graded
using the toxicity criteria of the radiation therapy oncology
group [20]; Grade 1: mild toxicity, Grade 2: moderate toxicity,
Grade 3: severe toxicity, Grade 4: life-threatening toxicity.
The OS, defined as the number of months from the start of
treatment to date of death from any cause, or censorship if
still alive at follow-up (6% July 2023), was calculated. PFS was
defined as the number of months from the start of treatment,
to first imaging at which progression was evident, or death from
any cause.

Ethical approval

The study was registered with and approved by the
institutional ethical review board (HEPSUR/CA/2023-24/02).

Results

Thirty-two patients received SABR over the study period with
a median age of 73 years (range 47 to 85, Interquartile Range
{IQR} 13). Table 1 shows the demographics of the study cohort.
There were 25 male (78%) and seven female patients (22%).
Median BMI was 29 (range 23.8 to 40, IQR 6).

Clinical details

HCC was diagnosed on surveillance imaging of known
liver lesion, cirrhosis or post HCC in the majority of cases
(n=25/32, 78%). Three patients presented symptomatically with
abdominal pain and/or deranged liver function tests while in
four cases HCC was an incidental finding. Overall, 47% (15/32)
of patients had undergone previous liver-directed therapies for
HCC: Five patients had previously undergone liver resection,
nine previous TACE and four previous MWA. Of these, one
patient underwent both a resection and TACE, and a further
two had both TACE and MWA.

Overall, 22 (69%) patients underwent SABR because they
were deemed medically unfit for surgery, nine (28%) because
treatment alternatives weren’t technically possible. One was
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due to patient choice. Median CCl was 7 (range 3 to 10, IQR 2)
and PS 1 (range 0 to 2) (Table 1). The majority of patients had
underlying liver disease classed as CP A (n=21/32, 66%); two
patients CP B (n=2/32, 6%), four had steatohepatitis without
cirrhosis (n=4/32, 12%) and five had no evidence of underlying
liver cirrhosis (n=5/32, 16%). The most common aetiology of
underlying liver disease was NAFLD (11/32) followed by chronic
hepatitis C infection (6/32) and alcoholic liver disease (5/32).

Tumour features

Median number of lesions treated was one (range 1 to 3)
with 36 lesions treated in total. A single lesion was treated in
91% (n=29/32) of cases, two lesions were treated in 6% (n=2/32)
and three lesions in 3% (n=1/32) of cases. Median tumour size
was was 30 mm (range 11 to 43 mm, IQR 16). Location of liver
lesions were liver segment 8 (n=11/36), 7 (n=4/36), 6 (n=3/36),
5 (n=6/36), 4 (n=3/36), 3 (n=4/36) and 2 (n=5/36).

Treatment details

Median time to treatment from time of diagnosis was one
month (range 0 to 9, IQR 1). Delays of more than six months
(n=3) were due to hospitalisation with other acute medical
conditions. The median treatment dose was 50 Gy, (range 40
to 50 Gy, IQR 5) delivered over five fractions in the majority of
cases (24/32, 75%), and three fractions in the remaining cases
(8/32, 25%). Median treatment duration was one week (range 0
to 2, IQR 1). Planning scan (Figure 1).

Safety, feasibility

Overall, 10 patients reported Grade 1 or 2 toxicities (10/32,
31%). Of these, six reported gastrointestinal symptoms (nausea,
diarrhoea), five reported fatigue and three reported localised
rib discomfort. No patients in the study cohort reported any
Grade > 3 toxicities.

Radiological outcomes

Median follow-up was 12 months (range 4 to 30). Overall
72% (n=23/32) achieved LC, while progression occurred in
31% (n=10/32) of patients. Median time to progression was
6 months (range 3 to 31). A total of 60% of patients with
disease progression received further liver-directed therapies.
Treatment of progression was with TACE (n=3/10), transplant
(n=1/10), MWA (n=1/10) or systemic therapy (n=1/10). The
remaining patients either passed away before they were able
to receive further treatment (n=3/10) or were kept under active
surveillance (n=1/10). Of the patients who received previous
liver-directed therapies prior to treatment with SABR (n=15/32),
LC was achieved in 80% (n=12/15), while local progression
occurred in the remaining three cases.

Survival

Median OS was 15 months (range 4 to 35, IQR 10). Rate of OS
was 78% (n=25/32) at 12 months. A total of seven patients died
at a median of 9 months post SABR (range 4 to 19 months, IQR
3). Rate of PFS at 12 months was 62.5% (20/32).

Discussion

Here we present the results of a single-centre experience of
the introduction of SABR for HCC. These data suggest SABR is
safe in this setting, without severe toxicities (Grade >3) reported
and just one in three patients experiencing mild toxicities. SABR
is a suitable treatment option in patients who had previously
received liver-directed therapies, as was the case in half of

Figure 1: SABR planning CT abdomen and pelvis. Transverse view
above, sagittal view below. In red, the planning target volume
(obtained by adding an 8mm superior and 6mm margin in all other
planes to the GTV) receiving maximum dose of 55 Gy.

ohort (n=32).

(Table 1: Demographics and treatment details of the study
C J

Median age, years (range) 73 (47 to 85)
Sex
Male, n (%) 25 (78)
Female, n (%) 7 (22)
Median BMI, kg/m? (range) 29 (24 to 49)
Performance status, n(%)
0: Fully active 11 (34)
1: Restricted in physically strenuous activity 14 (44)
2: Unable to carry out work activities 7(22)
Median CCI (range) 7 (3to 10, 2)
Child-Pugh Score, n(%)
A: 21 (66)
B: 2 (6)
Underlying liver disease, n(%)
NAFLD 11 (34)
HCV 6 (19)
Alcoholic liver disease 5(15)
Median tumour size mm (range) 30 (11to 43)
Median treatment dose, Gy (range) 50 (40 to 50)
Median fractionations n (range) 5(3to5)

iver-directed therapies (n=15).

(Table 2: Outcomes of patients treated with SABR after previous
I J

Median age, years (range) 75 (47 to 85)
Previous liver directed therapy:

Liver resection 5(33)
TACE 9 (60)
MWA 4(27)
Outcomes n(%):

LC 12 (80)
Progression 3(20)
oS 10 (66%)
Median OS (months) 10
PFS (months) 10
Grade 3 toxicity: 0(0)
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the patients in this cohort. We show SABR remained effective,
with three-quarters of patients still alive at 12 months post-
treatment and seven out of 10 patients free from disease at
this stage. Despite this, one in three patients developed disease
progression.

Shanker et al. published a systematic review of 48
observational studies involving 2846 patients who underwent
SABR for HCC [12]. The pooled rate of 1-year OS was 78%.
Our results are consistent with this and other published work
[13,21]. Rim et al. found a pooled LC rate at 12 months of
85.7%, though published rates of LC range more widely from
72.5% to 95% [13,15,16,22,23]. Size of lesion, dose of radiation
delivered and degree of underlying liver dysfunction have all
been found to affect LC and OS rates [12,13]. Patients with
more advanced underlying disease are likely to receive lower
doses, and patients often have significant competing risks for
mortality including recurrence outside of the treatment field
and progression of underlying liver disease.

Radical therapy with transplantation or resection remains
first line for BCLC 0 and A. Ablative therapies with RFA or
MWA have proven reasonable alternatives for lesions < 30 mm
although there are reports suggesting a decreased OS and PFS
compared with surgery [24].

There are several limiting factors even in the BCLC 0 and
A group making above mentioned therapies unsuitable
strategies. Overall only 30-40% of HCC patients are suitable for
radical therapy at time of diagnosis [25]. The combination of
age, BMI, degree of underlying liver disease; CP and presence of
portal hypertension, can make patients unsuitable candidates
for major surgery. Limiting factors for ablation are often the
proximity of lesions to major vessels, giving so called heat sink
effect which decreases the effectiveness of the applied energy.
Although this effect is higher in RFA compared to MWA [26,27].
Anatomical proximity of tumours to the diaphragm or biliary
tree, mean many of the patients in this series are unsuited
to more radical treatment modalities, purely due to technical
restraints. Another limiting factor for ablation is size of the
lesion. Currently, HCC >30 mm is considered unsuitable for RFA
or MWA when following the latest update of the BCLC guidelines
[10]. Some centres are proposing expanding the size criteria
for ablation using a more complex stereotactic approach [28].
However, this remains a challenging technique not suitable for
all patients or centres.

TACE, proposed in the BCLC guidelines for BCLC B lesions,
also has technical limitations. These include issues surrounding
vascular access as well as variations in effectiveness which are
less well understood but could be related to tumour phenotype
and genotype [29]. In cases where TACE is possible, there might
be a role for SABR. Some papers report an augmented effect
from the combination of TACE and radiotherapy, though this is
beyond the scope of this paper [30,31].

SABR as a treatment modality has logistical benefits. SABR is
commonly performed for <2 weeks and is non-invasive, making
it an attractive low-risk alternative to the treatments mentioned
above [14].

HCC patients treated with SABR have been found to have
no statistically significant reduction in quality of life and in
fact showed a trend towards improvement as measured by
quality of life outcome measures [32]. We found low rates
of toxicity post SABR, despite significant comorbidities and

underlying liver dysfunction. Reported toxicities from SABR
include gastroduodenitis, increase in CP status without disease
progression, and radiation-induced liver disease. Published
rates of severe (grade >3) toxicity post SABR range from 3.9% for
gastrointestinal to 4.7% for liver toxicities, these being the most
common [13]. Degree of underlying liver disease (CP status),
size of lesion and radiation dose have been correlated with risk
of hepatic toxicity from SABR [12,13]. Despite this, SABR has
been successfully used to treat patients with underlying CP B
or C disease [33]. Lower dose-volumes are advised in these
patients to reduce risk of toxicity [23]. Of note, in the UK SABR is
currently only commissioned for CP A disease [34]. Compared to
liver resection, SABR has significantly lower rates of treatment
complications and no requirement for hospitalisation.
Compared to other non-surgical treatment modalities, SABR
has been shown to compare favourably to RFA with statistically
more likely LC and OS in HCC =230 mm in size [35,36]. Other
studies in advanced HCC have shown improved OS and lower
reported toxicities from SABR compared to systemic therapy
with Sorafinib [37].

Another role for SABR is that it can be used on lesions that
have previously been treated by other means, for instance after
local recurrence post resection, which might pose technical
challenge for re-do surgery. It can also be used in patients
that have recurrence or residual disease in previously ablated
lesions and even in patients that have been previously treated
with TACE. Other literature in the field predominantly reports
on SABR as first treatment for HCC. Half the patients in our
series had received previous treatment for HCC (TACE, ablation
and/or liver resection) and the majority of patients with
progression received further liver-directed treatment. There is
increasing evidence to suggest the combination of SABR with
other treatment modalities such as TACE, resection or systemic
agents might be beneficial [13]. Other studies have suggested
the use of SABR not only as definitive treatment in non-surgical
candidates, but also as bridging to transplant [38]. Increasingly,
SABR has become a key treatment modality in the management
of HCC. Further randomised control trials are required to
further assess combination treatments and their impact on
clinical outcomes of patients with HCC.

Limitations include our relatively small sample size,
which remains respectable compared to other single-centre
observational studies [35,39,40]. The retrospective nature of
the study means toxicities may be under-reported. However,
with access to hospital attendance and GP records, we would
assume that no high-grade toxicities were missed. Furthermore,
our toxicity rates are comparable to previously published data
[12,24,41)].

Conclusion

SABR is an effective treatment option for non-surgical
candidates or as additional palliative treatment for patients
with HCC. SABR can be delivered over a short period of time
with low levels of toxicity even after previous liver-directed
therapies and despite significant comorbidity. Subsequent
liver-directed therapies remain feasible after SABR. These data
are paramount for clinicians and MDT guiding HCC treatment
decision-making. Further research is warranted to examine the
clinical benefits of combination treatment with SABR and other
treatment modalities to maximise disease control in patients
with both early and advanced HCC.
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