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Background: Hepatocellular carcinoma (HCC) management has evolved over the past two decades,
with the development of newer treatment modalities. While various options are available, unmet
needs are reflected through the mixed treatment outcome for intermediate-stage HCC. As HCC is
radiosensitive, radiation therapies have a significant role in management. Radiation therapies offer
local control for unresectable lesions and for patients who are not surgical candidates. Radiotherapy
also provides palliation in metastatic disease, and acts as a bridge to resection and transplantation in
selected patients. Advancements in radiotherapy modalities offer improved dose planning and targeted
delivery, allowing for better tumor response and safer dose escalations while minimizing the risks of
radiation-induced liver damage. Radiotherapy modalities are broadly classified into external beam
radiation therapy and selective internal radiation therapy. With emerging modalities, radiotherapy
plays a complementary role in the multidisciplinary care of HCC patients.

Aim: We aim to provide an overview of the role and clinical application of radiation therapies in HCC
management.

Relevance for Patients: The continuous evolution of radiotherapy techniques allows for improved
therapeutic outcomes while mitigating unwanted adverse effects, making it an attractive modality in
HCC management. Rigorous clinical studies, quality research and comprehensive datasets will further
its application in the present era of evidence-based practice in Medicine.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the top five human cancers and an important
public health problem. HCC management is evolving over the past two decades. The
Barcelona-Clinic Liver Cancer (BCLC) staging system is the most commonly used
classification to guide HCC management and considers three prognostic variables: Tumor
stage, presence of cancer-related symptoms, and degree of liver dysfunction, and predicts
treatment outcome [1]. The tumor stage is assessed by imaging, and cancer-related
symptoms are determined by the Eastern Cooperative Oncology Group performance
status. Liver function was previously represented by Child-Pugh score (or Child’s score),
but portal venous pressure is added in the 2018 update [1]. The BCLC staging system is
endorsed by both the American Association for the Study of Liver Diseases (AASLD) and
the European Association for the Study of the Liver (EASL) [2,3]. Patients are grouped
into very early-(BCLC 0), early-(BCLC A), intermediate-(BCLC B) and advanced-
(BCLC C) stage, with treatment largely stage-dependent [1-3]. As the update is fairly
recent, most guidelines still use the 2011 criteria, which assesses liver function based on
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the Child’s score alone [3]. While BCLC does not recommended
radiotherapy as a first line option throughout all stages,
limitations in current modalities emphasize the importance of
radiotherapy in bridging these gaps.

Curative therapies such as local ablation, surgical resection,
and liver transplantation are recommended for BCLC stage 0-A
patients, with 5-year overall survival (OS) of 50-70% [1-3].
As HCC is often diagnosed in the intermediate-advanced stage,
only one-third are eligible for curative therapies [1]. Surgical
resection is limited to patients with good liver function, missing
a large proportion, as 90% of HCC arises from cirrhosis [1].
On the other hand, radiotherapy is applicable to a wider pool of
patients, demonstrating efficacy and safety even in the treatment
of cirrhotics [4,5].

As transplantation is limited by donor shortage, and long
waiting periods leads to tumor progression and dropout [1],
radiotherapy’s role in bridging and downstaging enables more
patients to qualify for curative treatment. Local ablation such as
radiofrequency ablation (RFA) and microwave ablation shows
similar OS to resection in early-stage HCC <2 cm, but risk of
local recurrence increases above 3 cm [2].

Noncurative therapies for BCLC B-C patients prolong survival
and act as a bridge to transplantation. First-line options include
transarterial chemoembolization (TACE) and systemic therapy
with tyrosine kinase inhibitors (TKIs) [1-3]. TACE allows
selective delivery of chemotherapy, but patients with impaired
liver or renal function or poor portal vein (PV) blood flow are
less suitable [6], making radiotherapy a useful alternative for
such patients. Systemic therapy is also riddled with side effects
such as hand-foot skin reactions and arterial hypertension in a
dose-dependent manner [7]. Sorafenib is recommended for
patients with PV tumor thrombosis (PVTT), but response rates
are dismal (2-5%), and median time to progression (TTP) is
2.8 months [8]. Recently, immune checkpoint inhibitors and
gene-targeted oncolytic viral therapy have an emerging role in
advanced HCC [1]. For patients with unresectable HCC, the
recent IMbravel50 trial showed significantly better OS and
2.5 month increase in progression free survival (PFS) with
atezolizumab plus bevacizumab as compared to sorafenib [9]. The
role of radiotherapy as an immunomodulator makes it especially
relevant, with the potential of enhancing such new modalities in
HCC treatment.

While clinicians have more options for HCC management,
unmet needs are reflected through the limitations explained
above, and the mixed treatment outcome for intermediate-stage
HCC. While classically deemed to be radioresistant, present-day
radiobiologic studies show that HCC has similar radiosensitivity
to other common epithelial tumors treated with radiotherapy [10].
As HCC is radiosensitive, radiation therapies play a significant
role in HCC management. Radiation therapies offer local control
in unresectable lesions, palliation in metastatic disease, and a
bridge to resection and transplantation in selected patients [6].
Newer radiotherapy modalities offer improved dose planning and
targeted delivery, allowing for better tumor response and safer
dose escalations while minimizing the risks of radiation-induced

liver damage (RILD). This report aims to provide an overview of
the role of radiation therapies in HCC management.

2. Principles of Radiotherapy

Radiosensitivity shows the likelihood of cells to be damaged
by radiation by measuring the fraction of clonogens that survive
a given X-ray dose [10,11]. Radiotherapy works by damaging
cellular components and DNA, effectively targeting actively
dividing cancer cells [11]. Hepatic nonparenchymal cells represent
30-35% of cells in the liver and include Kupffer cells, endothelial
cells, fat-storing cells, and pit cells, most of which reside within
hepatic sinusoids [8]. As these cells are radiosensitive, radiation
exposure releases large amounts of reactive mediators, eicosanoids,
proteolytic enzymes, and cytokines such as tumor necrosis
factor-alpha. These hepatotoxic products promote apoptosis and
fibrosis, altering the hepatic architecture with resultant hepatic
dysfunction [8]. The limiting factor of hepatotoxicity necessitates
adelicate balance between eradicating cancer cells and minimizing
RILD [11].

Two types of RILD exist. Historically, classic RILD occurred as
a complication in up to 5-10% of the patients 2 weeks—4 months
after mean liver dose of 30-35 Gy is given using conventionally
fractionated regimens and is thought to be due to veno-occlusive
disease as a result of fibrosis [12]. As a more subacute form, this
manifests as anicteric hepatomegaly, ascites and elevated alkaline
phosphatase (ALP) up to 2%, while transaminases and bilirubin
remain unchanged [13]. Symptoms of fatigue, abdominal pain,
hepatomegaly may be noted on clinical history and examination.

However, with advancements in radiation dose planning and
newer modalities of radiation delivery, non-classic RILD has
become the more common manifestation and is defined as an
elevation of serum transaminase (>5% upper limit of normal)
and worsening of CP score >2 [12]. The ALP is usually normal.
The non-classic variation typically develops in patients with a
background of cirrhosis or viral hepatitis, and is thought to be a
consequence of reactivating hepatitis and a loss of regenerating
hepatocytes [12].

Radiotherapy modalities are broadly classified into external
beam radiation therapy (EBRT) and selective internal radiation
therapy (SIRT) (Figures 1 and 2). With emerging modalities such
as image-guided radiotherapy, radiotherapy has a complementary
role in the multidisciplinary care of HCC patients.

3. EBRT
3.1. Photon-based techniques

Conventional EBRT includes two-dimensional conventional
radiotherapy (2DCRT), three-dimensional conformal radiotherapy
(3DCRT), and intensity-modulated radiotherapy (IMRT). 2DCRT
requires minimal imaging, allowing for treatment to be started
carlier. However, as CT planning is not performed, gross tumor
volume (GTV), clinical target volume (CTV), and internal target
volume (ITV), and critical organs at risk (OARs) are not formally
defined. As whole-liver tolerance radiation dose is lower than the
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Figure 1. Radiotherapy modalities for HCC management. 9mTc-MAA: 99m technetium-labeled macroaggregated albumin; CT: Computerized
tomography; CP: Child Pugh; GIT: Gastrointestinal tract; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; SPECT/CT: Single-
photon emission CT; EBRT: External beam radiation therapy; SIRT: Selective internal radiation therapy; 3DCRT: Three-dimensional conformal

radiotherapy; IMRT: Intensity-modulated radiotherapy

HCC tumoricidal dose, 2DCRT has fallen out of favor [14]. 3DCRT
minimizes RILD and improves objective response rates (ORR)
[15,16]. CT scan also allows precise calculation of GTV, CTV, ITV,
and OAR. 3DCRT results in higher response (ORR 77.1%) and
mOS (13 months). However, it has side effects at high doses [17].

IMRT utilizes 3D images in an inverse treatment planning
regimen and is a more advanced form of EBRT. Studies
comparing IMRT to 3DCRT show that IMRT demonstrates
higher local control rates (LCR), l-year OS, and 3-year OS,
with similar toxicity (RILD rate <5%) [18,19]. Higher doses
resulted in superior outcomes with no significant difference in
gastrointestinal tract (GIT) bleeding or RILD. Doses >72 Gy
improve OS and surgical conversion rate [20]. In terms of critical
OARs, IMRT resulted in lower mean doses to the stomach, left
kidney, and small bowel than 3DCRT, with h-IMRT showing the
best results [21]. However, for larger tumors (>6 cm), 3DCRT
may reduce the RILD risk [22,23]. Large scale randomized
controlled trials comparing these modalities are required to
confirm these findings.

For intermediate HCC, guidelines recommend TACE and
TKIs. EBRT shows improved mOS in patients with tumor
thrombus in the portal vein (PV) branch, PV trunk, inferior vena
cava (IVC), and PV+IVC [24,25]. Compared to the prognosis of
2.4-2.7 months without treatment, 6.5 months with TKIs, EBRT
improve survival [26]. In a meta-analysis including patients with
IVC thrombus, Chai et al. reported that EBRT has a LCR of
83.8% and an overall grade >3 complication rate of 1.2% [27]. In
a separate meta-analysis comparing EBRT to surgery, mOS and
I-year OS were lower for EBRT, but 2-year OS was similar to
surgery (26.9% and 27.5%, respectively) [28]. Thus, EBRT is a
comparable non-invasive alternative.

In HCC patients, lymph node involvement is considered
metastatic. Survival is poor and systemic therapy is the standard
of care [26]. Surgical lymphadenectomy has no role due to
uncontrolled primary tumor, background liver dysfunction, and
concurrent distant metastasis [22]. In a meta-analysis of 8 studies
comprising 521 patients, Chai et al. evaluated the combined
utility of EBRT techniques in patients with lymph node metastasis
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Figure 2. A pictorial representation of the differences between EBRT and SIRT. EBRT, external beam radiation therapy; SIRT: Selective internal
radiation therapy; 3DCRT: Three-dimensional conformal radiotherapy; IMRT: Intensity-modulated radiotherapy

and found that HCC patients with lymph node metastases had
a l-year OS 41.0%, with EBRT. Groups with higher radiation
doses displayed better RR (82.2% vs. 51.1% in the low dose
group), with low rates of grade >3 toxicities [23]. AASLD 2018
guidelines and EASL-European Organization for Research and
Treatment of Cancer guidelines classify EBRT therapy as a low-
grade recommendation based on a lack of good quality evidence.
Multi-center collaborative randomized studies including a large
sample of patients with clearly defined inclusion and exclusion
criteria are essential to improve the scientific body of evidence.

3.2. Stereotactic body radiation therapy (SBRT)

SBRT is a non-invasive radiotherapy combining stereotactic
technology with 3DCRT, accurately targeting the tumor’s center
while drastically reducing surrounding doses. It involves delivering
potentially ablative fractional doses over shorter treatment
durations. Fractional doses delivered are much higher, ranging
between 5 and 10 Gy compared to conventional radiotherapy
(typical daily dose between 1.8 and 3Gy), allowing abbreviated
treatment duration (between 1 and 2 weeks vs. 5 and 7 weeks) [6].
SBRT thus results in better dose distributions and high LCR (87—
100%) [29]. However, the high doses call for increased precision,
careful patient immobilization, advanced tumor tracking with
daily imaging, and respiratory motion management [6].

To identify the optimal dose and fractionation regimens for
SBRT, a multicenter retrospective study classified 602 patients
based on the SBRT dose received. Higher doses were associated
with better OS, PFS and LCR, and the following doses were
recommended: Biologically effective dose (BED, ) >100 Gy as

a first-line ablative dose, or equivalent dose in 2 Gy fractions
(EQD2) >74 Gy as a second-line radical dose, and EQD2<74 Gy
as palliative irradiation [30]. In keeping the risk of RILD <5%,
D50 (dose that would result in a 50% LC) at 6 and 9 months
was 53 Gy EQD2 and 84 Gy EQD2, respectively [31]. This
was slightly higher in a separate study in Korea (D50=62.9 Gy
EQD2) [32]. In general, common dose regimens such as 40—
48 Gy in 3 fractions and 35—40 Gy in 5 fractions can achieve a
2-year LCR of 90% [29].

While a dose-response relationship is widely-established,
clinical value in terms of translation into survival advantage have
been mixed, with some suggesting that a critical threshold has to
be attained before OS can be improved [33]. A multicenter trial
demonstrated this threshold to be BED >53 Gy10 [34]. A separate
study showed that doses >54 Gy in 3 fractions (BED=152 Gy]10,
EQD2=126 Gy) achieved LCR of 100% with a 2-year OS of 71%,
while patients receiving <45 Gy in 3 fractions (BED=113 Gy10,
EQD2=94 Gy) experienced a lower 2-year LCR and OS rate (64%
and 30%, respectively) [32].

A consecutive phase I to II study of 102 CP A patients treated
with 6-fraction SBRT to a median total dose of 36 Gy (range:
24-54 Gy) demonstrated 1-year LCR of 87% for tumors with a
median diameter of 7.2 cm [33]. A separate study including CP
A and CP B7 patients displayed similar results when treated to
a median total dose of 48 Gy in 3 fractions (range: 36-48) and
40 Gy in 5 fractions, respectively [35]. LCR of 91% was seen
in CP A patients, but is slightly lower (82%) in CP-B7 patients.
Higher rates of hepatotoxicity were seen in CP B7 patients, with
38% experiencing grade >3 toxicity (vs. 11% in CP A) [35]. ACP-
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score increase of >2 is associated with a 63% increased risk at
3 months [36]. Due to a relative lack of survival advantage in CP
>B8 patients mOS 2.8 months (vs. 9.9 months in CP-B7 patients)
and the high hepatotoxicity, SBRT is often avoided in patients with
CP >B8 [36]. Other factors that may portend a poorer prognosis
include the presence of PVTT, multinodular disease and high
serum o-fetoprotein (AFP) >4491 ng/mL [29].

SBRT is helpful in all stages of HCC and is recommended
(level 2 evidence) for patients with BCLC stage A as an alternative
to thermal ablation in curative management. In early-stage
unresectable HCC patients not amenable for local ablation, SBRT
demonstrates improved response and survival in small HCC, with
a complete response (CR) and partial response (PR) rate of 15.5%
and 45.7%, respectively, and 1-year and 3-year OS rate of 86.0%
and 53.8%, respectively. For HCC between 2.1-3 cm and <2 cm,
SBRT showed a high LCR of 93.3% and 100%, respectively.
However in patients with HCC>3 cm, LCR is lower (76.3%) [37].

Overall, SBRT is a valuable adjunct in patients with disease
progression after liver-directed therapies. In patients with HCC
<2 cm, OS is comparable to RFA, but in patients with HCC >2 cm,
RFA had better OS [38]. However, for patients with localized
HCC without vascular invasion and ineligible for RFA or TACE,
SBRT resulted in high LCR and long-term OS, with 1-, 3- and
S5-year OS 77.3%, 39.0%, and 24.1%, respectively [39]. Cox
proportional hazard regression analysis also showed that post-
SBRT liver transplant resulted in significantly improved OS [39].

For small HCC patients, a dose of 30 Gy/5 fractions has been
determined to be safe and effective for cirrhotic patients [4].
A dose of 50 Gy/5 fractions in nonmetastatic HCC patients
demonstrated good LCR (95%) and 1-year OS of 87% with only
1/9 patients with Child-Pugh >B8 experiencing grade >3 hepatic
toxicity [5]. SBRT is also safe as a bridge-to-transplant and acts
as a complimentary alternative to TACE and RFA, demonstrating
comparable OS and dropout rates [40]. For advanced HCC, SBRT
at a dose of 45 Gy/10 fractions demonstrated LCR of 91%, with
1- and 3-year OS rates of 62% and 28%, respectively [41]. In a
multicenter study of patients with unresectable primary HCC,
SBRT showed decreased median tumor volume (P<0.004),
median TTP of 6.3 months, and 1- and 2-year OS of 87% and
55%, respectively [42]. Even for patients with advanced liver
failure ineligible for transplant, SBRT demonstrated safety, with a
mOS of 8.8 months [43].

3.3. Particle therapy

Particle therapy such as carbon ion therapy or proton beam
therapy (PBT) involves the use of particles such as heavier
charged carbon ions or protons. Unlike photon-based EBRT which
involves the firing of X-ray beam multiple times from different
angles, radiation delivery in particle-based EBRT occurs through
particle accelerators which form a single beam of high energy
protons to be delivered into the patient [44]. Its ability to provide
more localized particle exposure compared to photon-based
EBRTs allows for higher doses to be delivered while reducing the
damage to surrounding tissues and unwanted side effects [45].

While an exponential decrease is seen in deeper tissues for
conventional photon-based techniques, PBT’s finite range allows
for superior dose distribution as they deliver low doses on entering
the target tissue, and only show a steep maximum (Bragg-Peak)
upon reaching a specific depth (dependent on their energy).
Beyond this depth, there is close to no delivery of radiation, hence,
majority of their dose is delivered near the end of their target
range and over a narrow range, while relatively low doses occur
outside the Bragg peak region [44]. 3 main delivery methods exist
to allow for uniform coverage at all depths and cover the entire
target volume: (1) Passive scattering, uniform scanning and active
scanning [46]. Moreover, as a heavier particle, carbon ions also
have the added advantage of inducing irreparable damage to DNA
and are less dependent on the oxygen availability of tumor tissues,
allowing for increased distribution of energy during their travel
through the tissue (higher linear-energy transfer) and treatment of
hypoxic tumors resistant to photons [45].

PBT protocols have been developed by the Proton Medical
Research Center (PMRC) of the University of Tsukuba, Japan, with
dose recommendations based on tumor location concerning porta
hepatis and GIT critical OARs [47]. For peripheral tumors >2 cm
away from the both the GIT and porta hepatis, 66 GyE/10 fractions
is recommended, while tumors <2 cm of the GIT can be treated
with 77.0 GyE/35 fractions and tumors <2 cm of the GIT can be
treated with 72.6 GyE/22 fractions. These were recommended
based on a LCR range of 88-95% and 3-year OS of 45-65% [48].

Evaluating the safety and effectiveness of PBT, in a phase II
trial of 76 cirrhotic patients with HCC (mean size 5.5 cm), there
were minimal acute toxicities and no significant difference in
RILD 6-months post-treatment [49]. Patients with HCC <2 cm of
the GIT treated with PBT at a dose of 72.6 GyE/22 fractions or
77 GyE/35 fractions had mOS of 33.9 months, a 3-year OS of
50%, and a grade 3 GIT hemorrhage risk of 2.1% [47]. In another
phase II multicenter trial in unresectable HCC patients, PBT (67.5
GyE/5 fractions) showed a 2-year LCR and OS of 94.8% and
63.2% [50]. For advanced HCC with PVTT and a median tumor
size of 60 mm, patients treated with PBT (median total dose 72.6
GyE in 22 fractions) had OS of 48% and 21% at 2 and 5 years,
respectively, with an mOS of 22 months [51]. The national cancer
center of Korea also demonstrated 2-year LCR and OS of 88.1%
and 51.1%, respectively [52].

PBT is well tolerated even in large HCC, with low rates of grade
>3 toxicities [53-55]. For HCC>10 cm, PMRC reported 1-year
and 2-year OS of 64% and 36%, respectively, and 2-year LCR of
87% [56]. Even in patients with a Child’s score of C, PBT is safe.
PBT not only improves LCR (95%) and 2-year OS (42%) but may
also help improve liver function with better disease control [53].
Table 1 shows a comparison between PBT and photon-based
techniques.

Table 2 provides an overview of the dose, toxicity profile,
advantages, and limitations of all EBRTs used in the management
of HCC. Table 3 summarizes the present studies showing the
clinical efficacy of various EBRT techniques in patients with
early-stage HCC, intermediate-stage HCC, advanced HCC,
recurrent HCC, and cirrhotic patients.
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Table 1. A comparison between photon-based techniques and
proton-based techniques

Photon-based

Particle-based techniques

techniques
Technique Involves firing beams Uses particle accelerators
multiple times from to form a single beam of
different angles high-energy protons [44]
Mechanism Radiation delivered from Distribution follows a

an external source; dose
decreases for deeper
tissues

Bragg-peak: Low doses
delivered on entering target
tissues with a steep maximum
at a specific energy-dependent
depth [44]

Via heavy particles; Involves
Passive scattering, uniform
scanning, active scanning [46]

Better OS [54]

Less localized radiation ~ More localized particle
exposure—> lower doses  exposure—> higher doses
delivered, more collateral delivered, less collateral
damage damage [45]

Delivery methods 2DCRT, 3DCRT, IMRT

Comparison Poorer OS

Better dose distribution due to
narrow Bragg-peak range [44]

Poorer dose distribution

Poorer energy
distribution

Better energy distribution (via
higher linear-energy transfer)

The exponential decrease Uniform coverage at all depths
in radiation as depth
increase

DNA damage may be Induce irreparable damage to
reparable DNA

More dependent on
oxygen availability >
hypoxic tumors show
poorer response

Less dependent on the oxygen
availability of tumor tissue>
hypoxic tumors show better
response [45]

2DCRT: Two-dimensional conventional radiotherapy; 3DCRT: Three-dimensional
conformal radiotherapy; IMRT: Intensity-modulated radiotherapy; OS: Overall survival;
DNA: Deoxyribonucleic acid

3.4. RT in the palliative setting

For patients with advanced stage unresectable HCC, best
supportive care (BSC) is often the treatment of choice and includes
analgesics for pain management. However, symptoms such as
abdominal discomfort, pain, nausea or fatigue are still often reported.
Low-dose RT has proven to be useful in such settings, with a dose of
8 Gy in a single fraction demonstrating a symptomatic improvement
in 48% at 1 month [79]. Similarly, in a separate study evaluating
the use of single dose palliative RT (8 Gy in a single fraction) in
symptomatic unresectable HCC patients with an index symptom of
either pain or abdominal discomfort, 51.9% demonstrated clinical
improvement of their index symptom at 1 month, with the treatment
being well tolerated with minimal toxicities [80]. Apart from the
single fraction dose, RT can also be given in 2 fractions over 2 days
(10 Gy in total), with symptomatic improvement in 53—66% at
2 weeks and minimal toxicities seen [81].

4. SIRT

SIRT, also known as transarterial radioembolization, involves
injecting radioactive microspheres of yttrium-90 (Y90), Lipiodol

labeled with iodine-131 or rhenium-188 intra-arterially [82]. The
most popular technique uses Y90, a B-emitting isotope. At present,
AASLD 2018 recommends SIRT as an alternative therapy to the
various modalities used in BCLC stage A, B, and C patients (level
2 and 3 evidence), while EASL 2018 states that more data from
randomized controlled trials is required [2,3]. The Asian Pacific
Association for the study of the Liver (APASL) recommends
SIRT in patients ineligible for TACE [83]. Increased adoption of
SIRT is seen with emerging data showing SIRT as comparable
to current modalities. Notably, the SARAH (SorAfenib Versus
Radioembolization in Advanced HCC) trial, a randomized
controlled phase III trial involving 467 patients with locally
advanced (BCLC C) or intermediate-stage HCC (BCLC B) who
failed two rounds of TACE, showed no significant difference in OS
(mOS 8.0 vs. 9.9 months in sorafenib) [84]. In Asia, another large
phase III trial of 360 patients with locally advanced unresectable
HCC randomized to sorafenib or SIRT demonstrated no significant
difference in mOS (8.8 months in SIRT vs. 10.0 months in
sorafenib). However, patients with SIRT experienced fewer grade
>3 adverse effects (P<0.001), demonstrating superior toxicity
profiles [85]. Further large-scale randomized controlled trials are
required to support its use.

The process of SIRT is summarized in Figure 1. Sufficient
hepatic reserve is required due to the risk of liver failure. Pre-SIRT
assessment involves a multiphasic Computerized tomography
(CT)/Magnetic resonance imaging (MRI) to identify the disease
extent and location. Digital subtraction angiography outlines
the foregut vascular anatomy, while prophylactic embolization
of extrahepatic branches reduces spillage of microspheres
into GIT [86]. Superior mesenteric angiogram determines
the variant vessels to the liver, with delayed images helping to
assess PV patency. This is followed by injecting 99m technetium-
labeled macroaggregated albumin (*"Tc-MAA) into the hepatic
artery territory, acting as a surrogate for Y90 microspheres.
Finally, SPECT/CT is performed within lh to identify diffusion
patterns which will help predict the subsequent distribution of
microspheres [87]. This also enables physicians to establish
appropriate entry points for the catheter, assess hepatopulmonary
shunting, and detect GIT deposition [88]. Patients with the
following are not suitable: hepatopulmonary shunt fraction >20%
(risk of radiation pneumonitis), and vascular abnormalities that
cannot be corrected by embolization or catheter repositioning
(risk of GIT toxicity) [88].

Dose calculation is performed based on quantitative analysis
of the ¥"Tc-MAA SPECT/CT. TD 205 Gy predicted response
(sensitivity 100%, accuracy 91%) [89]. Patients treated with
TD>205 Gy demonstrated longer TTP 13.0 months and mOS
23.2 months (vs. TD<205 Gy, which demonstrated TTP 5.5 months
and mOS 11.5 months) [90]. However, as MAA is a mere surrogate,
it cannot predict actual Y90 activity. SIRT may be conducted in the
form of radiation segmentectomy or radiation lobectomy. Radiation
segmentectomy involves transarterial infusion of microspheres
into a segmental vessel. This results in radioembolization of <2
hepatic segments, with the intention of segmental ablation while
sparing other segments [91,92]. Patients who may be suitable
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Table 2. Comparison of EBRT modalities for HCC treatment

817

2DCRT

3DCRT

IMRT SBRT

PBT

Planning

Radiation beam and
beam modifiers

Total dose

Side effects and
toxicity

Procedure-related

Costs to patient

Technical

Efficacy and utility

Bony landmarks
defined by X-ray [6],
minimal CT required
[15]

Photons or
electronstwedge
filters; coplanar
beams [15]

<30-35 Gy [14]

Highest toxicity [59];
Higher collateral dose
deposition;

Lowest survival and
higher risk of adverse
effects compared to
other modalities [59]

Non-invasive

Cheapest [6];
Minimal imaging,
infrastructure, and
training required [6]

Inadequate
identification of
volume (GTV, CTV,
ITV) and OAR [15]

Utility in
resource-poor setting
and emergency
setting

CT required [15]

Photons, wedges, a field in the
field, compensators; several
coplanar and noncoplanar
beams[15]

45-60 Gy [14,55]

Low toxicity [16]

Non-invasive

Inexpensive [6];

More extended treatment
regimen than 2DCRT (multiple
weeks) [6]

Planning requires multiple CT
images [15] but better delineation
of surrounding tissue than
2DCRT and collateral dose
deposition;

Permits targeted therapy [16];
Can compute CTV, GTV, OAR,
and plan properly; Can combine
stereotactic technology

Can treat several lesions in a
single course [16];

Higher likelihood of producing
a response in deeper lesions
inaccessible to percutaneous
procedures [16]

4D-CT/MRI/PET [15] CT/MRI/PET

Photon-based
technique including
radiation beams
used in 3DCRT and
IMRT; performed
using conventional
linear accelerators

Use of multiple modulated
beamlets, Photons+IMRT,
Multiple noncoplanar beams
orarcs [15];

s-IMRT: Step-and-shoot and
sliding window techniques;
VMAT: Rotational IMRT
using conventional MLCs;
h-IMRT: Rotational IMRT
using helical tomotherapy

40-100 Gy [57] (customized
based on GTV, ITV, PTV,

Typically 24-60 Gy
[58] (determined

CTV) by tumor size and
OAR)

No significant difference Low toxicity

compared to 3DCRT [18,19];  [5,37,43]

Improved precision and
conformality, reduced
collateral dose deposition [6];
Low RILD; but higher risk of

RILD for Larger tumors [17]
Non-invasive Non-invasive
More complex

planning than

3DCRT, More
expensive than
2D/3DCRT [6]
More costly with more More costly
advanced imaging with more
requirements; advanced imaging
More extended treatment requirements
regimen (multiple weeks),
more expensive than
2D/3DCRT [6]
Better tumor coverage; Higher fractional

More complex planning doses delivered;
Irradiation
delivered in fewer
fractions;
Requires patient
immobility and
multi-image
guidance

Improved mOS, ORR, PFS,
1-year survival rate, and LCR
than 3DCRT [18,19]

CT/MRI/PET

Proton-based;

Uses patient- and field-specific
collimators, compensators,
particle accelerators [46]

72.6Gy/22 fractions or 66Gy/10
fractions [48]

Low toxicity to liver and
OARs [47,49], reduced toxicity
compared to other modalities

Non-invasive

Larger space required, more
costly, limited availability, more
extended treatment regimen
(multiple weeks) [6]

The dosimetric advantage
compared to photon-based
EBRT: Localized deposition of
dose following the Bragg peak;
Higher line energy transfer [44];
Increased tumor targeting,
suitable in cirrhotic patients [60]
Requires precise positioning of
dose gradients as slight differences
can lead to under/over dosage due
to finite range of protons;
Reduced efficacy with tissue
heterogeneity

2DCRT: Two-dimensional conventional radiotherapy; 3DCRT: Three-dimensional conformal radiotherapy; BED: Biologically effective dose

10°

CI: Conformity index; CP: Child-Pugh classification;

CT: Computerized tomography; CTV: Clinical target volume; EBRT: External beam radiation therapy; GIT: Gastrointestinal tract; GTV: Gross tumor volume; HI: Homogeneity index;
h-IMRT: Helical IMRT; IMRT: Intensity-modulated radiotherapy; ITV: Internal target volume; IVCTT: Inferior vena cava tumor thrombosis; LCR: Local control rate; MRI: Magnetic resonance
imaging; MLC: Multi-leaf collimator; MVI: Macroscopic vascular invasion; OAR: Critical organs at risk; ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival;
PBT: Proton beam therapy; PVTT: Portal vein tumor thrombus; RILD: Radiation-induced liver damage; SBRT: Stereotactic body radiation therapy; s-IMRT: Static IMRT; VMAT: Volumetric modulated

arc therapy
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Table 3. Studies showing the safety and efficacy of EBRT modalities based on patient characteristics

2DCRT

3DCRT

IMRT

SBRT

PBT

Early-stage HCC

CR 80%
PR 12% [16]

mOS 15.7 months [61]

1-year OS 64.3-90.9%

2-year OS 67.5%

3-year OS 30-73.4% [61,62]
1-, 2-, 3-year LCR: 94%, 92%,
93% [62]

mOS 32.2 months
1-year OS 76.5-88.4%
[61,63]

3-year OS 36.7% [61]
S-year OS 63.4% [63]

Relapse rate 22% (similar Comparable to thermal Longer OS than SBRT [61]
to RFA) [64] ablation [37]
Intermediate-stage 3-year OS 33.4% [19] 2-year LC 87% OS 64%

HCC

2-year OS 63% [32]

PFS 62% [56]

Longer OS than 3DCRT [19]

Bridge to transplant [40]
Comparable to TACE [65]

Advanced-stage
HCC

PVTT/IVCTT: mOS
11 months, 3-year OS
20% [59]

Lymph node
metastasis: mOS 9.4
months [66]

PVTT/IVCTT: mOS 30
months [59]

PVTT: 1-year OS 40.7—
43.8% ORR 0f 45.8-51.3
[67,68]

IVCTT: ORR 60% [69]
MVI: mOS 7.9-8.8
months [70]

mOS 21 months

1-year OS 62% [20]
PVC/IVCTT: mOS 30 months
[59]

Lymph node metastasis: RR
73.1%, 1-year OS 41.0% [23]

1-year OS 62-87%

3-year OS 28-55% [41,42]
PVTT: ORR 71% [67]
LCR 91% [41]

FFLP 63% [42]

PVTT:

2-year LCR 88.1%
2-year OS 51.1% [52]
2-year LPES 46%
S-year LPFS 20% [51]

PVTT and/IVCTT: superior to

Comparable to TACE [65]

3DCRT [18] Higher ORR than EBRT and

Better CI and HI than 3DCRTI  SIRT [67]

[21]
Recurrent HCC/ Repeat RT: mOS 30 Repeat RT: mOS 30 Post-TACE: Repeat PBT
Repeat irradiation months [71] months[71] 6 months ORR 84.8% LC 87.8%

Post-hepatectomy [72,73]:
3-year OS 67.7-89.1%
1-year RFS 86.2%

2-year RFS 70.5%

3-year RFS 60.1-64.2%
1- year OS 96.6%,

2-year OS 80.7%

1- year OS 75.8%
2-year OS 45.5%
mOS 19 months [74]
Repeat SBRT:

3-year OS 61.0% [75]

0OS 55.6% [60]

mOS 61 months

2- year OS 87.5%
S-year OS 49.4% [76]

Non-inferior to RFA [77]
Repeat PBT safe, no acute
toxicity/RILD [60,76]

Cirrhotic

CPAand B

1-year OS 65%
2-year OS 43%
3-year OS 33%
mOS 20 months [78]

Grade >3 toxicity 18.5%
[16]

CPAand B

mOS 12.6 months
1-year OS 56.2%
2-year OS 31.7%59
CR 5.2%

PR 47.4%

CPA

1- year OS 92%
2-year OS 60%

mOS 41 months

1- year LCR 82%
2-year LCR 62%
CPBand C

ORR 36.6-80%

mOS 8.8-46 months
Grade >3 toxicity 10%
median TTP 9.7-months [43]

CPA

mOS 34 months

CPB

mOS 13 months

CPC

mOS 12-17 months50
LCR 95%

1-year OS 53%
2-year OS 42%56

CP A and B: RILD 15%
(78]

CP A and B: Grade >3 liver
toxicity 13.2% [57]

CPA, B, C: No grade >3
toxicity [43]

CP C: No grade >3
toxicities [53]

“mTc-MAA: 99m technetium-labeled macroaggregated albumin; CT: Computerized tomography; CR: Complete response; FFLP: Freedom from local progression; FLR: Future liver remnant
ratio; GIT: Gastrointestinal tract; [VCTT: Inferior vena cava tumor thrombus; LPFS: Local progression-free survival; LCR: Local control rate; MRI: Magnetic resonance imaging; mOS: Median
OS; ORR: Overall response rate; PFS: Progression-free survival; PVE: Portal vein embolization; PVTT: Portal vein tumor thrombus; PBT: Proton beam therapy; SPECT/CT: Single-photon
emission CT; TD: Tumor dose; TTP: Time to progression; TTST: Time to secondary therapy

include those who are ineligible for surgical resection, ablation,
or undergoing evaluation for liver transplantation [92]. Patients

who underwent radiation segmentectomy had ORR 59% (WHO
criteria) and 81% (EASL criteria), median TTP 13.6 months, and
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mOS 26.9 months, with minimal amounts of grade 3/4 toxicities
(9%) and no RILD [91]. Compared to TACE, it improved LCR
92% and CR (92.1%) with no significant difference in OS [93].
On the other hand, radiation lobectomy involves transarterial
lobar infusion of microspheres. Similar to PVE, it results in a
“lobar atrophy—hypertrophy complex,” with ablation of the entire
lobe and concomitant hypertrophy of the nonradiated lobe due to
redirected blood flow [94]. Ipsilateral lobar atrophy reduces micro-
and macro-vascular spread, while contralateral lobe hypertrophy
reduces liver dysfunction risk. Volumetric changes such as liver
fibrosis or portal hypertension have no clinical sequelae [95].
This is ideal for patients with unilobar tumor and preserved liver
function and can be used as a primary treatment modality or as a
bridge to resection or transplantation [92]. 52% of patients who
underwent radiation lobectomy had a reduction in ipsilateral lobar
volume, 5-year OS 46% (comparable to curative resection), and
no hepatic insufficiency or major adverse effects observed [96,97].

Results from studies evaluating the SIRT are tabulated in
Table 4. Compared to other curative treatments with 5-year OS
rates between 60 and 80% in BCLC stage 0 and stage A HCC
patients [98], SIRT provides comparable outcomes, acting as an
alternative for patients who are ineligible for curative treatment.

Table 4. Summary of studies investigating the safety and efficacy of SIRT

SIRT also has a role in bridging (treatment for waiting list
patients within transplant criteria) or downstaging (reduce tumor
burden for patients within transplant criteria) for transplantation.
A retrospective study showed SIRT the highest CR rate of 75% (vs.
TACE 41%, RFA 60%, SBRT 28.5%) [99]. Another study reported
that none of the 15 patients on SIRT progressing from UNOS T2
to T3 stage, and 8/10 patients downstaged from T3 to T2 [100].
Complete tumor necrosis was seen in 47% of HCCs<5 cm [101].
Table 5 compares SIRT to present treatment modalities.

5. Assessment of Response

An accurate evaluation of treatment response is essential for
clinical surveillance and prognosis, and assessing the tumor may
be objectively determined based on various criteria (Table 6).
Radiation success can generally be divided into technical and
clinical success. Most frameworks assess technical success, with
changes in tumor size being the primary biomarker. Clinical
success is often neglected. As radiotherapy causes tumor de-
vascularization, cavitation, and necrosis changes, which may
not affect tumor size (size reduction occurring gradually over
4-6 months), treatment response may be underestimated [122].
Moreover, reduction in enhancement precedes the decrease in

Independent studies

Study Total CP

ECOG PVTT Extra-hepatic involvement Tumor characteristic Safety and Efficacy

Kulik e al. 2008 [102] n=108 A/B/C=54/27/1 02 37

Mazzaferro et al. 2013 [103] n=52 A-B7 0-1 35
Salem ez al. 2010 [104] n=291 A=131 0-2 125
B=152
C=8
Sangro et al. 2011 [105] n=325 A=268 0-3 76
B=57
Lewandowski ez al. 2018 [106]  n=70 A NA 0

13 Unresectable PR: WHO 42.2%, EASL 70%
Intermediate-advanced No treatment-related
complications or deaths
None Intermediate-advanced mOS=15 months
ORR=40.4%
TTP=11 months

46 All stages ORR: WHO=42%, EASL=57%
TTP=7.9 months
mOS: CP A/B=17.2/7.7 months
30 All stages mOS=12.8 months
(BCLCA, B, C=24.4,16.9, 10
months)
0 Early-stage RR 6-months=EASL (86%),
PVTT: absent WHO (49%)

TTP=2.4 years

Meta-analysis

Lobo et al.[107] 2016 n=553 (5 comparative studies, with
quality assessed by the STROBE

criteria)

Massani et al. 2016 [108] n=1431 (8 studies)

CR and PR: No significant difference (vs cTACE)
Vs. cTACE: Less post-treatment pain, more subjective fatigue; no difference in nausea,
vomiting, fever, or other complications

OS: No significant difference (vs. TACE)

Adverse events: Less than TACE

Yang et al. 2018 [96]

n=1652 (11 studies, including 2 RCTs) OS: Increased 2-year OS

OR: Better (vs. TACE, mRECIST criteria)
Adverse events: Less than cTACE

Gardini et al. 2018 [109] n=97 (3 RCTs)

OS, PFS: No significant difference at 1-year

Bridging: Higher proportion underwent transplant

¢-TACE: Conventional TACE; CP: Child-Pugh; DEB-TACE: Drug-eluting bead TACE; ECOG: Eastern Co-operative Oncology Group performance status; ORR: Objective response rates; OS:
Overall survival; PVTT: Portal vein tumor thrombosis; RCT: Randomized controlled trials; RR: Response rate: SIRT: Selective internal radiation therapy; TTP: Time to progression; STROBE:

Strengthening the Reporting of Observational studies in Epidemiology criteria

DOI: http://dx.doi.org/10.18053/jctres.07.202106.007



820 Tong et al. | Journal of Clinical and Translational Research 2021; 7(6): 811-833

Table 5. Comparison between SIRT and TKIs or TACE, respectively

Population
BCLC stage B-C

Intervention SIRT

Comparator TKI

Outcome

Safety and Side effects Side effects less common [84,85]

Both used as a noncurative treatment for HCC patients with  Wider patient pool; Suitable for patients with more advanced liver

disease, multifocal disease, vascular invasion, and PVTT [97]
SIRT
TACE

SIRT compared with other modalities

Better toxicity profile [97], less PES [110]; Less post-treatment pain,
more subjective fatigue, no difference in nausea, vomiting, fever, or other
complications [107]

Adverse events/complications Less common [111], less grade 3/4 adverse events requiring Less adverse events [96,108,112]

dose modifications or interruptions

0OS, PFS No significant difference [84,85,111,113,114]
TTP No significant difference [111,114]

Response Higher ORR [84]

Bridging SIRT allows for bridging to curative treatment

Other considerations More significant cost savings (5.4-24.9%) [118]

No significant difference in OS [108,109,115];

OS and PFS at 1-year: No significant difference [109];

Better 2- and 3-year OS (vs. cTACE), more inferior 2-year OS (vs.
DEB-TACE) [112]

Longer [110] median TTP (>26 months vs. 7 months) [115];

No significant difference [116]

EASL: No significant difference [115];

Response rate (CR, PR): No significant difference [107];

Better ORR [96]

Bridging for transplantation: Greater tumor shrinkage [117], higher
proportion proceed to transplant [109], higher response [99]

Shorter hospitalization, can perform outpatient [110]

Fewer treatment sessions [109,110], higher pre-treatment cost [119], less
cost-effective in BCLC Stage A-B but more cost-effective in BCLC-C [119];
Quality of life: FACT-Hep scores similar [120] but better performance in
sub-features of quality of life [121]

CR: Complete response; EASL: European Association for the Study of the Liver; FACT-Hep: Functional Assessment of Cancer Therapy-Hepatobiliary; ORR: Objective response rates; OS:
Overall Survival; PFS: Progression-free survival; PES: Post-embolization syndrome; PR: Partial response; PVTT: Portal vein tumor thrombus; SIRT: Selective internal radiation therapy; TACE:
tranSarterial chemoembolization; TKI: Tyrosine kinase inhibitors; TTP: time To progression; WHO: World Health Organization

size [123], and a paradoxical increase may also occur due to intra-
tumoral hemorrhage, edema, and necrosis [95].

According to the WHO, the overall response is categorized into
four groups: CR, PR, stable disease (SD), and progressive disease
(PD), based on imaging findings [124]. As the response is based on
the measurement of viable tumors, this provides a better indication of
OS than total tumor measurement, as it involves identifying areas with
treatment-induced necrosis [125]. Patients with an objective response
(CR or PR) as determined by mRECIST had longer OS than non-
responding patients (SD or PD) (18 months vs. 8 months, P=0.013)
[126]. Furthermore, in patients with SD as identified by RECIST, OS
also differed depending on their tumor response based on mRECIST,
with patients who achieved CR, PR, and SD having a median OS of
17 months, 10 months, and 4 months respectively (P=0.016) [126].
EASL measures response differently: CR (absence of enhancing
tissue), PR (>50% decrease in enhancing tissue), SD (<50% decrease
in enhancing tissue), PD (increase in the enhancement of treated
tumor that translates into additional locoregional therapy).

CT is the primary modality for HCC imaging in both the diagnostic
and follow-up phases. In addition, Quadriphase MDCT can be done
to characterize residual enhancement [127]. Dual-energy CT helps
detect HCC and evaluate response to locoregional therapy [128].
Bremsstrahlung SPECT/CT and positron emission tomography
(PET)/CT determine the safe distribution of Y90 microspheres, and
the presence of aberrant microsphere deposition that may help predict

side effects [129]. However, as lesions may undergo coagulative
necrosis and internal hemorrhage post-radiotherapy, MRI’s ability
to obtain subtraction images where the native T1 signal is cancelled
makes it easier to distinguish hemorrhage from enhancement, ensuring
a high accuracy [130]. '8F-Fluorodeoxyglucose-PET (**F-FDG PET)
uptake reflects tissue metabolism and is associated with treatment
response. A decrease in standardized uptake values (SUV) ratio post-
EBRT correlates with the degree of tumor necrosis on histological
examination, and EBRT patients with higher SUV ratios displayed
higher response rates [131]. Pre-operative FDG predicts risk of
recurrence post-surgery [132]. FDG post-TACE displayed higher
diagnostic accuracy over triphasic CT [133] and contrast-enhanced
CT [134], but its utility post-radiotherapy has not been validated.

Assessment time depends on imaging modality and institution
guidelines, but tumor response to radiotherapy often shows more
gradual changes such as reduced enhancement and size over
several months. Standard recommendations for frequency and
time of assessment are not present in current guidelines, but post-
SIRT imaging usually occurs at 1 month and every 2—3 months
after that, with a higher frequency in the 1* year due to a 6.5x
higher risk recurrence compared to the 2™ year [135]. Boas et al.
suggest a schedule of 8 time points in the first 2 years (2, 4, 6, 8,
11, 14, 18, and 24 months) as this reduces diagnostic delay and is
cost-effective [135]. Our practice is to follow-up patients every
3 months with a multiphasic CT scan or an MRI liver.
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Complete response

Partial response

Progressive disease

Tumor size (%)
WHO [124]
RECIST [136]
mRECIST [137]

Choi [138]

Modified Choi [137]
Non-target Lesions

WHO

RECIST

mRECIST

Choi

Modified Choi

Disappearance of all lesions
The disappearance of all lesions

The disappearance of intratumoral
arterial enhancement in all lesions

The disappearance of all lesions

The disappearance of all lesions

The disappearance of all lesions
The disappearance of all lesions

The disappearance of intratumoral
arterial enhancement

The disappearance of all lesions

The disappearance of all lesions

>50% |
>30% | in the sum of diameters

>30% | in the sum of diameters of viable
(enhance in arterial phase) target lesions

>10% | OR>15% | in tumor density (CT)

>10% | AND>15% | in tumor density (CT)

Present
Intratumoral arterial enhancement in>1 lesion

No obvious progression of non-measurable
disease
No obvious progression of non-measurable
disease

>25% 1

>20% 1

>20% 11in the sum of diameters of viable
(enhancing) target lesions

>10% 1 and Tumor density does not meet
PR criteria

>1
Unequivocal progression
Unequivocal progression

New intratumoral nodules/? size of existing
nodules
New intratumoral nodules/1 size of existing
nodules

821

New lesions
WHO - -
RECIST - -
mRECIST - -
Choi - -
Modified Choi - -

Clinical

>1 new lesion
>1 new lesion
>1 new lesion
>1 new lesion

>1 new lesion

Choi and Modified Choi: SD- No symptomatic deterioration caused by tumor progression

Clinical symptoms are not accounted for in other criteria

Opverall response
WHO Poorest response designation used
RECIST

Result of the combined assessment of target lesions, non-target lesions, and new lesions
Result of the combined assessment of target lesions, non-target lesions, and new lesions

mRECIST
Choi Responders: >10% decrease in tumor size OR>15% decrease in tumor density on CT
Non-responders: Do not meet the above criteria
. X Responders: >10% decrease in tumor size OR>15% decrease in tumor density on CT
Modified Choi

Non-responders: Do not meet the above criteria

*Stable Discase (SD) refers to any lesions that do not qualify under the criteria of CR/PR/PD. CT: Computed tomography; mRECIST: Modified Response evaluation criteria in solid tumors;

RECIST: Response evaluation criteria in solid tumors; WHO: World Health Organization

6. Side Effects

Common side effects of radiotherapy include nausea, vomiting,
fatigue, diarrhea, and loss of appetite. These are usually mild and
self-limiting. SIRT side effects can result from embolic effects of
microspheres and are termed post-radioembolization syndrome
(PRS), occurring in 20-70% [139]. Symptoms usually last a few
hours, and hospitalization is often not required [ 140]. Patients often
experience mild symptoms that are less severe than other embolic
therapies [140] (e.g., fatigue [54—61%], abdominal pain [23—56%],
nausea and vomiting [20-32%], and low-grade fever [3—12%])
[140]. As PRS is expected, patients should be pre-empted, and
appropriate pharmaco-prophylaxis administered. Lymphopenia
may be seen but is not associated with increased infection risk [141].

7. Complications

Traditionally, radiotherapy’s utility has been limited as doses
>30 Gy run high risks of RILD. RILD may occur acutely, within

the first few weeks of radiotherapy or up to years later, but typically
presents within the first 4-8 weeks; hence, vigilant follow-up is
necessary during this period. The lack of effective treatment to
prevent or cure RILD makes it particularly problematic, and close
monitoring of liver function aids early diagnosis. Pre-clinical
measurement of liver volume and CP scores helps predict RILD.
Most patients that develop RILD have a CP score>6 and should be
watched with caution as recovery from RILD is poor in this group
[142]. Thankfully, risks of RILD have decreased with good patient
selection, improved image guidance, and targeted delivery. Patients
with liver dysfunction have low tolerance, requiring dose reduction.
Child’s A and B patients treated with >50 Gy and <50 Gy radiation
witnessed 8.4% and 5.3% RILD, respectively [55]. Doses >100 Gy
are associated with low RILD risk when the irradiated liver volume
is <20% [143]. Similar to the need to preserve an adequate future
liver remnant post-hepatectomy, a critical minimum volume of 700
cc of liver should be spared by SBRT (by receiving <15 Gy) given
the importance of ensuring sufficient liver function [144].

DOI: http://dx.doi.org/10.18053/jctres.07.202106.007



822 Tong et al. | Journal of Clinical and Translational Research 2021; 7(6): 811-833

Radioembolization-induced liver disease (REILD) occurs
specifically in SIRT and refers to symptomatic ascites or jaundice
within 8 weeks post-SIRT in the absence of tumor progression
or biliary obstruction. REILD is associated with an elevated
bilirubin (>3 mg/dL) and variable GGT and ALP increases. Risk
factors include (1) exposure to chemotherapy within 2-months
post-SIRT, (2) small liver (total volume <1.5 L), (3) high baseline
bilirubin and aspartate aminotransferase, (4) repeated whole-
liver SIRT [145]. However, REILD incidence is reducing with
refinement in dosimetry and patient selection [146].

8. Comparisons among Radiotherapy Modalities

Comparing the radiotherapy modalities in treating advanced
HCC with PVTT, a meta-analysis showed SIRT and SBRT to
have no significant difference in 1- and 2-year OS, but patients
with SBRT demonstrated the highest response rate (71% vs. 51%
in EBRT and 33% in SIRT) [67]. In cirrhotic patients, EBRT
affects functional hepatic reserve. Hence, SIRT is preferred [147].
For PVTT patients, pooled response rates and 1-year OS were
higher in 3DCRT and SBRT than in SIRT (51%, 71%, and 33%,
respectively) [67]. However, in unresectable HCC, no significant
difference in OS or disease-specific survival was seen [148].

9. Combination Therapy

Patients with unresectable early-stage HCC are commonly
treated with TACE, but recurrence is common and side effects
from repeated TACE such as liver and renal failure are debilitating.
Combination therapies have been studied to mitigate this and
help improve patient outcomes. Combining EBRT with SIRT
showed 1-, 2-, and 3-year OS rates of 59.8%, 47.9%, and 47.9%,
respectively. 36% developed grade >2 liver toxicities. However,
restricting the dosage reduces the likelihood of hepatotoxicity
(P=0.03) [149]. Patients treated with 3DCRT and TACE had OS
rates significantly higher than patients treated with each modality
alone (P<0.05) [150]. A meta-analysis on 3DCRT with TACE
also demonstrated superiority compared to TACE monotherapy
for patients with advanced HCC, resulting in higher 1-, 2- and
3-year OS (Odds ratio [OR]=1.87, 2.38 and 2.97, respectively),
higher tumor response (OR=3.81) and decline in AFP (OR=3.24).
For patients with PVTT, ORR was highest in the combined group
(50% vs. 35.3% and 29.2% in patients treated with 3DCRT or
TACE monotherapy, respectively), but differences were not
significant. mOS and OS at 1, 2, and 3 years were significantly
higher in the combined group (13 months, 53.5%, 18,8%, and
9.4%, respectively) [150].

Comparing SBRT to TACE, a propensity-score matched
analysis demonstrated comparable LCR with no significant
difference in OS [65]. Furthermore, even when SBRT was
combined with TACE in small HCC, the SBRT-TACE group had
similar outcomes to SBRT monotherapy (2-year OS 80% vs. 79%
for SBRT alone, PFS 43% vs. 49% SBRT alone) [43]. In another
retrospective study for patients with early-stage HCC ineligible for
resection or ablation, no significant difference in treatment results
or toxicity was seen for SBRT monotherapy versus SBRT-TACE

combination [151]. However, another propensity score analysis in
HCC patients with PVTT demonstrated significant improvement
in survival when TACE was combined with SBRT (10.9 months
vs. 4.1 months for patients treated with TACE alone) [152].

In unresectable HCC, IMRT following TACE achieved ORR
64.8%, mOS 20.2 months, PFS 10.5 months, and actuarial 1-, 2-,
and 3-year OS rates of 84.6%, 49.7%, and 36.7%, respectively.
In terms of safety, 18.5% developed grade 3 hematological
toxicity while 5.6% developed grade 3 hepatic toxicity, and none
experienced grade 4 or 5 toxicity [153]. For the newer PBT, in
a randomized trial of HCC patients who met the Milan or San
Francisco liver transplant criteria, preliminary results favored
PBT, with higher pathologic CR (25% vs. 10%), 2-year LCR
(88% vs. 45%), and PFS (48% vs. 31%). However, as results were
not statistically significant, we await further results on completing
this trial [154].

10. Future Development

Several trials investigating the role of radiotherapy in
HCC management are underway. As PVTT involvement is
commonly seen in HCC, a study done in Guangxi province,
China (NCT04025437) sought to determine the safety and
efficacy of neoadjuvant radiotherapy for HCC involving
type I PVTT given the high 5 year recurrence rate of up to
75% post-hepatectomy. Examining the utility of combination
treatment, a phase II clinical trial (NCT03535259) studied
the safety and efficacy of combining IMRT with sorafenib
in treatment of patients with advanced HCC. IMRT is given
to the hepatic primary tumor, vein tumor thrombosis, and
metastasis lymph node, in conjunction with a 400mg twice
daily dose of sorafenib simultancously. RT alone treatment
gives a response of 50-60%, with high incidences of out RT
field failure in the form of liver and distance metastasis while
sorafenib alone treatment response rate is low (2-5%) [8,11].
We await results from this study in determining the utility
of combining both modalities to achieve a synergistic effect.
In the palliative setting, RT has also been investigated as a
complimentary modality to BSC in the alleviation of pain
(NCT02511522).

While curative hepatectomy is the standard treatment of
choice for HCC patients with adequate liver function, high
rates of intrahepatic recurrences post-resection (70—100% after
5 years) make adjuvant radiotherapy increasingly relevant [73].
Risk factors for post-operative recurrence include: Tumor
size (especially >5 c¢cm), number, and histopathological grade;
microvascular invasion (MVI) and macrovascular invasion;
presence of stellate nodules, underlying liver disease, and surgical
factors (extent of resection and resection margins) [155]. MVI
is the most commonly reported and is an independent prognostic
factor associated with early postoperative recurrence and poor
OS. While a resection margin of 2 cm has been deemed to be
safe in reducing post-operative recurrence, cirrhotic patients
often have limited liver reserves. Adjuvant radiotherapy is a
promising adjunct, resulting in significantly longer recurrence-
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free survival and OS in patients with MVI, as compared to
TACE [73].

Radiotherapy is also beneficial in patients with close surgical
margins (<1 cm). Patients with positive margin resection who
underwent adjuvant SBRT had lower rates of total recurrence
(22.2%vs. 65.1% for patients with narrow-margin resection without
SBRT and 44.0% in patients with wide-margin resection) [156].
For centrally located HCC, adjuvant 3DCRT after narrow-margin
hepatectomy did not show a significant difference in OS but
demonstrated safety, with no cases of RILD observed [157].
IMRT also displayed favorable outcomes for patients with
narrow-margin resection, with 3-year OS comparable to patients
with wide-margin hepatectomy (89.1% vs. 86.0%, respectively).
Patients who underwent adjuvant IMRT also had significantly
better 3-year OS (P=0.009), fewer early recurrences (P=0.002),
and fewer extrahepatic metastases (P=0.038) compared to those
with narrow margin resection who did not undergo adjuvant
IMRT [72].

Radiotherapy also offers a possibility of downstaging when
used as a neoadjuvant treatment. Compared to surgery alone,
patients treated with neoadjuvant 3DCRT had significantly
improved survival outcomes (l1-year OS 75.2% vs. 43.1% for
hepatectomy-alone patients) and lower recurrence rates, attributed
to the decrease in tumor volume and downstaging of the PVTT
type following neoadjuvant radiotherapy [158]. As interleukin
(IL-6) levels were significantly higher in pre-radiotherapy serum
and tumor tissues of non-responders, overexpression of IL-6 may
be signal a poorer prognosis [158]. A retrospective analysis of
244 patients also showed neoadjuvant radiotherapy to be superior
to post-operative radiotherapy, with a significant improvement in
OS seen [159].

Recent studies investigating the use of mesenchymal stem
cells (MSC) in mitigating radiotoxicity show promise. MSC
infusion has facilitated recovery post-irradiation and was
associated with decreased liver transaminases and inhibition
of apoptosis in animal models [160]. Anti-inflammatory and
immune-modulatory properties of MSC and MSC-derived
bioactive components also inhibit fibrosis and enhance
angiogenesis, stimulating reparative processes and providing
a protective effect against RILD [161]. In rats pre-treated with
intravenous MSC-conditioned medium (MSC-CM) immediately
before receiving liver irradiation, anti-apoptotic effects were
observed in sinusoidal endothelial cells. MSC-CM also reduced
the secretion and expression of inflammatory cytokines while
increasing anti-inflammatory cytokines, suggesting its role in
preventing RILD [161].

Combination treatment with immunotherapy is gaining interest
as radiotherapy’s utility extends beyond its cytotoxic effects.
In terms of tumor control, its ability to modulate the immune
microenvironment suggests potential combination therapies with
immune checkpoint inhibitors. Radiotherapy works by four key
steps, inducing: (1) Antigen release and immunogenic cell death,
(2) antigen-presenting cell maturation and antigen presentation,
(3) T-cell recruitment and infiltration, and (4) tumor-cell
sensitization to immune-mediated cell death. Blocking co-

stimulatory and inhibitory signals that allow for tumor immune
resistance presents a synergistic effect with immune checkpoint
inhibitors [162]. Kim et al. also demonstrated superior anti-
tumor effects when radiotherapy was combined with anti-PD-L1
in murine models, demonstrating significant improvement in
survival compared to both groups alone (P<0.01), attributing this
to the upregulation of PD-L1 expression in tumor cells through
the Interferon-y/signal transducer and activator of transcription
3 signalling [163].

Although the efficacy of immune checkpoint inhibitors
efficacy in treating HCC is dismal (<20% response rate),
combining it with a tumor microenvironment-modulator
allowed it to perform better than sorafenib, as seen in the
IMbravel50 trial, where atezolizumab and bevacizumab were
used [9]. In addition, OS and PFS at 12 months were higher
in the combination group (OS 67.2% vs. 54.6%, PFS 6.8 vs.
4.3 months) while toxicity was similar. However, clinical studies
combining radiotherapy and immune checkpoint inhibitors in
HCC treatment are lacking. For example, Chiang et al. reported
ORR 100% in 5 patients treated with sizeable unresectable
HCC [164]. Furthermore, Tai et al. showed in a phase II trial of
36 patients that combining SIRT with nivolumab gave an ORR
of 31%, with only 11% experiencing grade 3/4 toxicities [165].
Finally, results from trials elucidating the efficacy of combining
radiotherapy with immunotherapy are pending. A phase II trial
combining pembrolizumab and radiotherapy (NCT03316872)
is estimated to complete in 2022.

HCC management is evolving. Twenty-two clinical practice
guidelines are reported in the 3 years from 2018 to 2020. Table 7
shows the recommendations for radiotherapy from current
guidelines, with most suggesting it as an alternative due to a lack
of quality evidence. Unlike western guidelines which recommend
radiotherapy as alternative options to current modalities for patients
with different stages of HCC, the latest 2021 Japanese guidelines did
not mention the use of radiotherapy, and instead recommends hepatic
artery infusion chemotherapy and immunotherapy as alternative
options, with increased focus on the use of immunotherapy [166].
However, the 2018 Korean guidelines align more closely to Western
guidelines, recommending the use of EBRT in combination with or
as an alternative to TACE, and as a palliative treatment modality.
SIRT is also a possible alternative to TACE [167].

Hence, while the progress in radiotherapy is heartening,
further quality research involving larger sample sizes and reduced
heterogeneity is needed before radiotherapy is advocated as a
curative adjunct. As BCLC has acted as a cornerstone for several
guidelines mentioned above, evidence-based updates regarding
the role of radiotherapy based on substantiation by robust evidence
is necessary to guide physicians for the optimal treatment of HCC
patients.

The present coronavirus disease of the 2019 (COVID-19)
epidemic has also influenced the management of HCC. The 2020
APASL provides recommendations for radiotherapy based on
weighing the benefits of treatment and the risks from the novel
coronavirus infection. For patients with low risk of progression,
or those treated palliatively as a form of symptom control, the
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Table 7. Summary of recommendations regarding radiotherapy from present guidelines

Guidelines Year Recommendations regarding radiotherapy

2018 KLCSG-NCC 2019 mUICC stage I: EBRT as an alternative option

Practice Guidelines for the Management of HCC mUICC stage II:

[167] - Single > 2 cm: SIRT and EBRT as alternative option

- Single < 2 cm: EBRT as 1* line option

- Multiple <2 cm: EBRT as an alternative option if tumor number < 3
mUICC stage III

- Single < 2 cm: TACE + EBRT as 1* line, EBRT as alternative option

- Multiple < 2 cm: TACE + EBRT as 1* line

- Multiple 2-3 cm: EBRT as an alternative option of tumor number < 3
mUICC stage Iva

- Multiple < 2 cm: TACE + EBRT as 1* line

- Node + but no metastasis: EBRT as an alternative option

- Metastasis: EBRT as an alternative option

2019 Update of INASL Consensus on Prevention, 2019 SIRT

Diagnosis, and Management of HCC in India: The - Indicated in a select group of patients with advanced HCC, e.g., patients with PVTT with good liver
Puri IT Recommendations [169] function (CP A)
- In patients suitable for both TACE and SIRT, TACE is preferred
SBRT

- BCLC stage B: Option for residual or recurrent lesions after TACE as part of combination therapy
- BCLC stage C with thrombus involving the main portal vein: SBRT followed by sorafenib is an option

AASLD guidelines for the treatment of HCC 2018 - Adults with cirrhosis and HCC (T2 or T3, no vascular involvement) who are not candidates for resection
[170], AASLD guidelines for the Diagnosis, or transplantation): SIRT (very low evidence), EBRT (very low evidence)
Staging, and Management of HCC [2] - SBRT: An alternative to thermal ablation for BCLC A

- SIRT: An alternative for BCLC A and B patients
- For adults with cirrhosis and HCC (T2-3, no vascular involvement) who are not candidates for resection
or transplantation: SIRT as an alternative (quality evidence very low)

Argentinian CPG for surveillance, diagnosis, 2020 SIRT
staging, and treatment of HCC [171] - Insufficient evidence to recommend or suggest SIRT over TACE as 1* option for BCLC-B patients
(quality of evidence low to very low)
- In some patients with large unresectable tumors, with portal vein obstruction SIRT may have a
therapeutic role. (quality of evidence low)
- It is uncertain to recommend or suggest SIRT after TACE failure in BCLC-B (quality of evidence high)
- SIRT is not recommended for BCLC—B patients with tumor progression or BCLC—C patients (with
vascular invasion) over sorafenib (quality of evidence high)
- There is no recommendation to support the combination of SIRT with sorafenib for BCLC-B patients to
avoid tumor progression (quality of evidence high)
SBRT
- SBRT is not recommended as a first-line option but is uncertain as a second option

SBH updated recommendations for diagnosis and 2020 SIRT (Moderate level of evidence; weak recommendation)
treatment of HCC [172] - Promising therapeutic option with a good safety profile
- Intermediate HCC: Insufficient data favoring SIRT over TACE for patients
- Advanced HCC (BCLC C): Insufficient data favoring SIRT over sorafenib
- The subgroup of patients who would benefit needs to be better defined
EASL Clinical Practice Guidelines: Management 2018 - EBRT: No robust evidence to support this therapeutic approach in the management of HCC (Evidence
of HCC [173] low, recommendation weak)
- SIRT good safety profile and local tumor control, but the subgroup of patients benefitting from SIRT
needs to be defined (evidence moderate)
NCCN guidelines version 5.2020 Hepatobiliary 2020 Locoregional therapy (e.g., EBRT, SIRT) as an option for
Cancers [174] - HCC is potentially resectable or transplantable, operable by performance status or comorbidity
- HCC unresectable, non—transplant candidate
- Liver—confined disease, inoperable by performance status, comorbidity, or with minimal or uncertain
extrahepatic disease

(Contd...)
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Table 7. (Continued)

Guidelines Year Recommendations regarding radiotherapy

NCCN guidelines version 5.2020 Hepatobiliary 2020 EBRT
Cancers [174]

- Hypofractionation with photons/protons is acceptable for intrahepatic tumors, though treatment at

centers with experience is recommended

- Palliative option for symptom control and prevention of complications from metastatic HCC

- Dosing: Initial volumes to 45 Gy in 1.8Gy per fraction

SBRT

- Alternative to ablation/embolization or when these therapies fail or are contraindicated

- For patients with 1-3 tumors

- Consider for larger lesions of more extensive disease if there is sufficient uninvolved liver and liver
radiation tolerance acceptable

- Dosing: 30-50 Gy (typically in 3-5 fractions)
HCC: ESMO Clinical Practice Guidelines for 2018 BCLC 0-A: SBRT and SIRT as an alternative treatment (Level I1I evidence)

diagnosis, treatment, and follow—up [175]

BCLC B: SIRT as an option for patient’s refractory to TACE or who failed TACE (Level III evidence)

BCLC: SIRT as an alternative for patients with the liver confined disease, good liver function, and who has
not undergone systemic therapy (Level III evidence)

Management consensus guideline for HCC: 2020 2020 HCC with no extrahepatic spread/vascular invasion, CP A/B patient

update on surveillance, diagnosis, and systemic
treatment by the TLCA and GEST [176]

- 0-3 nodules: EBRT as alternative
- 2-3 nodules, >3 cm: EBRT and SIRT as alternative

- >4 nodules: SIRT as alternative

HCC with no extrahepatic spread/vascular invasion, CP C patient within transplant criteria

- EBRT as bridging therapy

HCC with no extrahepatic spread but with vascular invasion, CP A/B patient
- TACE in combination with EBRT or SIRT

Nonsurgical management of advanced HCC: A 2020 SIRT/SBRT
CPG [177]

Pan—Asian adapted ESMO CPG for the 2020 SIRT
management of patients with intermediate and
advanced/relapsed HCC: A TOS-ESMO initiative
endorsed by CSCO, ISMPO, JSMO, KSMO, MOS
and SSO [178]

SASLT practice guidelines on the diagnosis and 2020 SIRT
management of HCC [179]

- Intermediate/advanced HCC: Insufficient evidence for the use of SIRT or SBRT

- Alternative to TACE as first-line therapy for patients with intermediate or advanced stage HCC without
the extrahepatic disease (level III evidence, Grade C recommendation)

- Alternative for TACE—failed BCLC B or non—-metastatic BCLC C HCC patients (level I1I evidence,
Grade C recommendation)

- Bridging for transplant: Alternative form of locoregional therapy

- BCLC B: An alternative to TACE for patients with intermediate—stage HCC associated with portal vein
thrombosis (Weak recommendation, low—quality evidence)

SBRT

- Alternative to RFA in patients with larger tumors (>2 cm) or tumors in a challenging location

AASLD: American Association for the Study of Liver Diseases; CP: Child-Pugh; CPG: Clinical Practice Guidelines; CSCO: Chinese Society of Clinical Oncology; EASL: European Association
for the Study of the Liver; EBRT: External beam radiation therapy; ESMO: European Society for Medical Oncology; GEST: Gastroenterological Society of Taiwan; HCC: Hepatocellular
carcinoma; INASL: Indian National Association for Study of the Liver; ISMPO: Indian Society of Medical and Pediatric Oncology; IVC: inferior vena cava; JSMO: Japanese Society of Medical
Oncology; KLCSG-NCC: Korean Liver Cancer Study Group (KLCSG)-National Cancer Center (NCC); KSMO: Korean Society of Medical Oncology; MOS: Malaysia Oncological Society;
mUICC: Modified Union for International Cancer Control; PVTT: Portal vein tumor thrombus; RFA: Radiofrequency ablation; SBRT: Stereotactic body radiation therapy; SIRT: Selective
internal radiation therapy; SASLT: Saudi Association for the Study of Liver Diseases and Transplantation; SBH: Brazilian Society of Hepatology; SSO: Singapore Society of Oncology;
TACE: transarterial chemoembolization; TLCA: Taiwan Liver Cancer Association; TOS: Taiwan Society for Oncology

radiotherapy schedule should be delayed. However, for patients
with rapidly progressing HCC, radiotherapy outweighs the risks
of the COVID infection, and for function- or life-threatening
situations, for example, spinal cord compression and IVC
syndrome, radiotherapy treatment should proceed without delay.
However, the course of radiation should be shortened [168].

11. Conclusion

Radiotherapy has evolved as a treatment modality, with
increasing evidence demonstrating its safety and utility in the
management of HCC. This is especially relevant for patients with
unresectable tumors. Further research focusing on improving

the precision of radiation delivery for both EBRT and SIRT, as
well as quality evidence from well-designed studies will allow a
personalized approach to HCC management.
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