John et al. Hepatoma Res 2020,656 Hepatoma Research
DOI: 10.20517/2394-5079.2020.37

Review Open Access

1) Check for updates

Can radiotherapy finally “go live” in the
management of liver metastases?

Reggie G. John', Francis Ho', Gokula K. Appalanaido?, Desiree Chen', Jeremy Tey', Yu Yang Soon’,
Balamurugan A. Vellayappan’

'Department of Radiation Oncology, National University Cancer Institute Singapore, National University Hospital, Singapore
119228, Singapore.

?Advanced Medical and Dental Institute, Universiti Sains Malaysia, Bertam, JIn Tun Hamdan Sheikh Tahir, Pulau Pinang 13200,
Malaysia.

Correspondence to: Dr. Balamurugan A. Vellayappan, Department of Radiation Oncology, National University Cancer Institute
Singapore, National University Hospital, 1E Kent Ridge Road, Level 7 Tower Block, Singapore 119228, Singapore.
E-mail: bala_vellayappan@nuhs.edu.sg

How to cite this article: John RG, Ho F, Appalanaido GK, Chen D, Tey J, Soon YY, Vellayappan BA. Can radiotherapy finally “go
live" in the management of liver metastases? Hepatoma Res2020;6:56. http://dx.doi.org/10.20517/2394-5079.2020.37

Received: 14 Apr 2020 First Decision: 6 Jul 2020 Revised: 20 Jul 2020 Accepted: 4 Aug 2020 Published: 1 Sep 2020

Academic Editors: Su Pin Choo, Guang-Wen Cao, David Tan Boon Harn  Copy Editor: Cai-Hong Wang Production Editor: Jing Yu

Abstract

Liver metastases can present synchronously or at different time points. While systemic therapy continues to be
the mainstay of treatment for patients with liver metastases, it is unlikely to completely eradicate the disease.
Surgical “metastectomy” for patients with limited metastatic burden, particularly from colorectal cancers, has
been shown to improve survival. However, owing to medical co-morbidities or tumour location, not all patients are
eligible for surgical resection. In recent years, there has been an increase in the use of non-surgical techniques,
including high dose radiation using stereotactic body radiotherapy, or brachytherapy, to ablate liver metastases.
The purpose of this narrative review is to describe the role of radiotherapy in the management of liver metastases,
both for local ablation and symptom palliation. We will elaborate on the techniques used, patient selection
process, expected outcomes and toxicities based on the current literature.
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INTRODUCTION

The liver is one of the most common sites for metastases from primary cancers of the colon, pancreas,
breast, and lung. Liver metastases are associated with considerable morbidity and shortened survival.
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While systemic therapy is still the mainstay of treatment, most tumour responses are short-lived. Moreover,
the response to systemic therapy can be mixed, with some tumours regressing and others remaining
stable or progressing. Aggressive local therapy (such as surgical resection) can be considered for patients
with oligometastatic disease. For example, surgical resection is recommended for patients with isolated
liver metastases from colorectal primaries, with the potential of long-term disease control"’. Early studies
demonstrated a 30% 5-year survival in patients who underwent “metastectomy” for one to three liver
metastases”. Factors that determine patient eligibility for resection include the size, number, and location
of lesions, and hepatic reserve. While surgical techniques have improved, not all patients are good surgical
candidates because of surgical factors and patient co-morbidities. Thus, such patients may be considered for
non-surgical liver-directed therapies. These include invasive techniques such as radio-frequency ablation
(RFA) and non-invasive techniques such as stereotactic body radiotherapy (SBRT).

Traditionally, the role of radiation therapy in liver metastases has been purely for palliation, as the
tolerance of whole liver to radiation is limited to 30 Gy (in 2 Gy fractions)”, and sustained tumor control
is very unlikely at such doses. Technological advances with improvements in target localization, patient
immobilization, motion management, and delivery of conformal radiation have allowed the use of high
doses of radiation to ablate liver metastases. Moreover, mounting evidence shows that high doses of
radiation can be delivered to small targets within the liver without causing toxicity"”. In the context of
SBRT, doses ranging from 45 to 60 Gy, over three to five fractions (given over 1-2 weeks), is delivered
conformally to the target while sparing normal liver parenchyma.

The purpose of this narrative review is to describe the role of radiotherapy in liver metastases - both in the
setting of ablative treatment (including SBRT and brachytherapy) for patients with oligometastatic disease,
and in the setting of symptom palliation in patients with uncontrolled liver metastases. We will elaborate
on the treatment technique, patient selection, expected outcomes and treatment-related toxicities.

USE OF RADIOTHERAPY IN PATIENTS WITH OLIGOMETASTATIC LIVER DISEASE

Hellman and Weichselbaum were the first to introduce the concept of oligometastatic disease, which
represented an intermediate state in the spectrum between locally confined and widely metastatic cancer'.
They proposed that the process of metastatic disease occurs in a step-wise manner, and patients with
limited disease should be managed aggressively. In more recent years, advances in systemic and targeted
therapy have rendered a greater number of patients with upfront widely metastatic disease to a state of
limited volume metastatic disease. In these patients, aggressive management of drug-resistant clones may
improve cancer outcomes. However, to date, there is no universally accepted definition of oligometastasis
with regards to the number of lesions involved. The most accepted number of metastatic lesions is

considered to be 5 or less (with up to 3 metastases in any one organ).

Although surgery and RFA have a longer history of being used in management of oligometastatic disease
involving the liver, there are no trials directly comparing these to SBRT. However, the use of SBRT has been
reinvigorated by a recently published randomized phase II trial (SABR-COMET) which investigated the
use of SBRT in patients with oligometastatic disease (including liver metastases). They compared SBRT to
standard of care palliative treatment, and showed an overall survival benefit with SBRT',

The role of SBRT in oligometastatic liver disease

Technique

Stereotactic radiosurgery was first applied for intracranial targets, and similar concepts have been adapted
to treat extracranial targets. SBRT involves the use of high doses of radiation delivered to a well-defined
target whilst minimizing radiation to surrounding healthy tissue. The American College of Radiology and
American Society for Radiation Oncology defines SBRT as the use of very large doses of radiation, defined
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Figure 1. Example of an SBRT plan (40 Gy in 5 fractions) for a single hepatic metastasis in a patient with a castration-resistant prostate
primary who had progressed after abiraterone. Axial image; red line showing gross tumour volume, peach line showing planning target
volume, orange colourwash showing the 95% isodose line, and blue colourwash showing the 50% isodose line (A) coronal image;
showing the 50% isodose line away from the heart (B) dose-volume histogram of the SBRT plan (C) dramatic PSA response following
SBRT treatment (D). SBRT: stereotactic body radiotherapy

as more than 6 Gy per fraction, given over few (up to 5) fractions'®. This is in contrast to conventional
external beam radiotherapy which is usually given in 1.8-2 Gy fractions, leading to protracted treatments.

SBRT is administered via a linear accelerator (LINAC) delivering ionizing radiation in the form of mega-
voltage photons. The radiation dose is highly conformal to the target, leading to a rapid dose fall off outside
the target. This is achieved using multi-directional beams or arc therapy and modulating the intensity of
each beam. Patient immobilisation is essential, and generally whole-body vacuum bags are utilised. As
each treatment session can last up to 30 min, patient comfort and reproducibility are important for the
accurate delivery of SBRT. The liver moves as much as 2-3 ¢cm in the cranio-caudal direction. Motion
management strategies are therefore critical in SBRT. Several methods exist such as 4D CT scanning with
abdominal compression, breath holding in the form of active breathing control or voluntary breath holding,
respiratory gating (synchronizing delivery of RT with specified respiratory phases) and real-time tumour
tracking systems using radio-opaque fiduciary markers. On-board imaging must be incorporated prior the
delivery of SBRT. This allows for the online correction of patient position. Several solutions exist in modern
linear accelerators, such as integrated cone-beam computed tomography or magnetic resonance imaging
(MR-LINAC). An example of an SBRT plan is shown in Figure 1.

Patient selection

Patient selection for SBRT is critical and should take into account factors such as age, performance status,
disease burden and patient preferences. In addition, tumour factors such as the volume of hepatic disease,
location of metastases (particularly proximity to critical structures such as bowel, biliary tract, and heart),
number of lesions (less than 3), size (preferably each less than 6 cm, and combined less than 15 cm) should
be considered. In addition, sufficient hepatic reserve (ideally total liver volume more than 1000 mL, with
at least 700 mL spared from doses more than 15 Gy) is essential, to mitigate toxicities, as will be explained
below.
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Table 1. Outcomes of SBRT to liver metastases from selected recent studies

Dose/fractionation Median Followup 2 year LC 2 year OS
(#) in months (%) (%)

Scorsettietal/”’ 2015 Prospective (Phase 2) 42 CRC 75 Gy/3 # 24 91 65
Goodman et a/® 2016  Retrospective 81 CRC66.6%  32-60 Gy/3-5# 33 90.5 68.6

Breast 7.4%

Lung 3.7%

Ovarian 3.7%

Gl 13.6%

Others 4.9%
McPartlin et a/"*' 2017 Prospective (Phase 1&2) 60 CRC 22.7-621Gy/6 # 281 32 26
Joo et al"™ 2017 Retrospective 70  CRC 45-60 Gy/3-4 # 34.2 73 75
Mahadevan et a/."™" Retrospective 427 CRC44.3%  Median 45 (12-60) 14 72 49
2018 Lung122%  Gy/median 3 (1-5)

Breast 9.8% #

Gl 7.7%

Gynae 5.9%

Pancreas 4.9%

Other 15.2%

Authors Study design n  Primary tumor

SBRT: stereotactic body radiotherapy; LC: local control; OS: overall survival; CRC: colorectal cancer; Gl: gastrointestinal

Outcomes

Local control of hepatic metastases with SBRT are generally encouraging with most studies achieving
approximately 80% at 2 years (range 32% to 91%) [Table 1]. This is mostly influenced by size of tumour,
prior treatment, and biologically equivalent dose delivered. Median overall survival after SBRT can vary
from 26% to 75% at 2 years [Table 1]. However, it is recognised that the patient’s overall prognosis may
be related to extra-hepatic metastases, thus reinforcing the need for multimodal treatment with effective
systemic therapy as opposed to monotherapy with either alone. In most studies concerning the outcomes
of SBRT for liver metastases, patients would have received systemic therapy (e.g., chemotherapy, targeted
therapy) before and/or after SBRT. This reinforces the need for both effective local and systemic therapy.

Toxicity

Radiation-induced liver disease (RILD) is a feared complication which can be hard to manage[”]. RILD
typically presents 4-8 weeks after completion of radiotherapy (RT). The occurrence of RILD is related to
the volume of liver irradiated, pre-existing hepatic functional reserve, and patient co-morbidities. Classic
RILD symptoms include fatigue, abdominal pain, anicteric ascites and hepatomegaly. RILD however is
more common in whole liver RT (WLRT), although it can occur with SBRT"". Collateral damage to nearby
structures is known to occur, including biliary obstruction and stricture formation (for lesions near the
porta hepatis), and gastro-intestinal injury (resulting in bleeding, perforation or strictures). With adherence
to known dose limits, the risks of these complications can be reduced to below 5%.

Comparison of SBRT with RFA

The most common technique of thermal ablation is radiofrequency ablation (RFA). RFA uses a high
frequency alternating electric current which produces ionic agitation and frictional heating, thereby
heating tumour tissue to over 60 degrees Celsius. Tumour heating causes extracellular and intracellular
dehydration, resulting in tissue destruction by coagulative necrosis. RFA can be performed percutaneously,
laparoscopically, or during open surgery”. RFA is usually limited, however, by proximity to the biliary
tree as well as to blood vessels because of the “heat sink” effect. Stang e al."” reported that local recurrence
rates were 5% to 42% after RFA and that the dominant factor affecting local failure rates were the size of the
lesion, particularly those larger than 3 cm. Jackson et al."®’. also reported similar efficacy of SBRT and RFA
for lesions smaller than 2 cm, however SBRT achieved better local control comparatively for lesions larger
than 2 cm"”. As such, RFA and SBRT are complementary modalities. SBRT is preferred for lesions near
blood vessels or the dome of the liver, and for larger lesions.
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The role of interstitial brachytherapy for oligometastatic liver disease

Technique

Although brachytherapy has a long history in oncology, it was not until the early 1980s when it was used
for liver tumours. Dritschilo et al."” described the percutaneous implantation of interstitial brachytherapy
applicators under sonographic guidance in 1986. Subsequently, intraoperative catheter placement (under
direct visualisation and/or sonography-assisted) has also been described"”. Later, in 2004, Ricke et al."”
published a phase II trial using CT-guidance for interstitial high dose-rate brachytherapy (HDRBT) of liver

tumours which were unsuitable for thermal ablation.

The choice of image guidance for interstitial liver HDRBT application is operator-specific. In general,
the use of CT, or a hybrid method combining ultrasound and CT, is the preferred choice. CT guidance
allows better visualization of gastrointestinal structures, major vessels and intrahepatic bile ducts. The use
of ultrasound, even when combined with CT, can reduce radiation exposure of the healthcare personnel
involved.

The procedure is performed under sterile conditions using local anaesthesia and mild to moderate sedation.
The skin puncture site is identified based on CT images. Under CT-guidance, the applicator is advanced
past the liver capsule, into the target, in the same phase of breathing. The applicators are advanced at least
5 mm beyond the target, to account for breathing motion. After insertion of the applicators, CT or MRI
with contrast is usually performed with thin axial cuts (2 mm) for applicator reconstruction. Doses in the
range of 15-25 Gy in a single fraction are usually prescribed depending on the histology and organs-at-risk
tolerance. Colorectal and sarcoma metastases tend to be radioresistant, and are usually treated with 25 Gy.
In view of the clear dose-response reported by Ricke et al®, higher doses should be used when possible.

Applicators are removed immediately after completing the treatment. An example of a CT HDRBT plan is
shown in Figure 2.

Patient selection

Most centres adopt the selection criteria used by Mohnike et al.”", with some variation. These include
Child-Pugh score of Bs or less, platelet counts > 50,000, prothrombin time < 1.5X. Generally, chemo-
and radio-sensitive primaries (such as lymphomas and germ-cell tumours) are excluded. Chemotherapy
should be withheld one week pre- and post-HDRBT. The time-interval from prior therapies need to be
considered: for RFA at least 1 month, Yttrium-90 at least 6 months, and brachytherapy to the same site at
least 3 months. Lesion size and number have no specific cut-off, provided that not more than one third
of normal liver parenchyma receives more than 5 Gy. The requirement is more stringent for patients
with cirrhotic-appearing livers, with an aim for not more than half of non-target liver tissue to receive
more than 5 Gy. Proximity of the target to major vessels or the target adjacent to the hilum is also not a

. . . [22,23]
contraindication .

Outcomes

Local control rates are highly dependent on the isodose lines covering the target’s periphery. In a
prospective trial of three single fraction HDRBT dose levels, Ricke et al.*” (2010) reported a recurrence in
only 1 out of 33 lesions (3%) in the 25 Gy group, in contrast to 34 out of 98 lesions (35%) recurring in the
15 Gy group.

Overall, local control rates with HDRBT appear favourable, as shown in Table 2.
Toxicity

Interstitial HDRBT in the liver is a well-tolerated procedure. Post-procedural fever is very common and
is related to cytokine-release. Nausea and vomiting may also occur, which is usually related to the volume
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Figure 2. Example of a CT HDRBT plan for a single hepatic metastasis. axial images; the patient has 2 after-loading catheters advanced
into the lesion. Dose distribution is adjusted by 3D treatment planning. The planned minimal enclosing dose was 20 Gy (red line) (A, B),
coronal image (C), dose-volume histogram (D). HDRBT: high dose-rate brachytherapy

Table 2. Outcomes of CT-HDRBT to liver metastases from selected recent studies

. . Dose/fractionation Median follow o,y 1year OS

Authors Study design n Primary tumor #) up in months 1year LC (%) (%)
Ricke et a/.%” Prospective (Phase III) 73 Colorectal 15-25 Gy/1# 15.2 74.9 NR
2010
Wieners et al*” Prospective (Phase II) 41 Breast 15-25 Gy/1 # 18 935 79
20M
Collettini et a/."**' Prospective 37  Breast 15-20 Gy/1-4 # 11.6 97.4 80
2012
Sharma et a/.”®"  Prospective 10 Breast 30% 20 Gy/1# 9 75% NR
2013 CRC 20%

GB 20%

Stomach 20%

Others 10%
Kieszko et a/.””!  Retrospective 61 Gl 75.4% 15-25 Gy/1# n 70.7 79.6
2018 Breast 11.5%

Lung 8.2%

Others 4.9%
Omarietal”®  Retrospective 14 Renal 16 (6.5-27.4) Gy/1-5 # 10 92.6 (at NR
2019 median 10.2

months)

HDRBT: high dose-rate brachytherapy; LC: local control; OS: overall survival; Gl: gastrointestinal; GB: gallbladder; NR: not reported

of treatment. Prophylactic anti-emetics may be used to counteract these effects. Pain is also a common

complaint which may be treated with appropriate analgesia.

Procedure-related toxicity, such as bleeding, is usually limited to the subcapsular space and rarely requires
transfusion. Potentially serious, but rare, complications include intra-hepatic biliary occlusion, liver

abscess, gastrointestinal ulceration, and non-classic RILD, occurring in less than 1% of cases

[21]
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Table 3. Outcomes of recent palliative whole or partial liver irradiation
Authors Primary tumor n Treatment Dose/ fr:;t)mnatmn Outcome Toxicities
Bydder er a/*® CRC 39% 28 WLRT/PLRT 10 Gy/2 # 54% partial or 2 patients with
2003 NSCLC 4% complete symptomatic ~ Grade 3 vomiting
Esophageal 11% response and diarrhoea
SCLC 7%
Other 29%
Yin et a/.®* CRC 19  WLRT + tumor boost + 53.4 Gy (including 52.6% overall response 2 patients with Grade
2014 concurrent chemotherapy boost)/# NR 3 elevated bilirubin
Edytaetal”” Colon 59% 27 WLRT Mean 17 Gy/ 40% partial or 1 patient with Grade
2015 Stomach 26% 5-12 # complete symptomatic 3 vomiting and

Pancreas 15%

response

diarrhoea

CRC: colorectal cancer; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer; NR: not reported

Comparison between Brachytherapy, SBRT and RFA

Unlike SBRT, interstitial HDRBT to the liver delivers highly lethal doses of radiation from inside to out.
As such, the physical property of HDRBT plays to its advantage, as the central part of the tumour is often
radio-resistant due to tumour hypoxia. Hass et al.® performed a dosimetric comparison and demonstrated
HDRBT to be superior to SBRT in terms of tumour coverage, whilst reducing the dose received by the
unaffected liver parenchyma. However, SBRT has better dose manoeuvring options as compared to
HDRBT, especially in non-oval shaped targets. SBRT has the advantage of being a non-invasive procedure
which reduces the procedure-associated risks, such as bleeding and infection.

Compared to RFA, the outcomes of interstitial HDRBT liver are not affected by the proximity to the great
vessels or vascularized tumour (“heat sink effect”). Lesions near the main intra-hepatic biliary ducts are
better treated with HDRBT compared to RFA"”. Similarly, lesions near segment VII/VIIL, and those near
the diaphragm, are technically difficult to treat with RFA. RFA is limited by lesion size, as discussed earlier,
whilst in HDRBT, large lesions can be treated with the use of multiple applicators. RFA does have the
advantage of real-time manoeuvrability, whereby under ultrasound guidance the operator can keep the
RFA probe away from non-static structures such as the stomach and small intestine.

THE USE OF RADIOTHERAPY FOR PALLIATION OF SYMPTOMS

In cases of uncontrolled hepatic metastases, patients may consequently experience abdominal pain (from
capsular stretch), nausea and vomiting, jaundice, and constitutional symptoms such as weight loss or night
sweats. In general, systemic therapy for palliation can be used for such patients, although a large number
will eventually be refractory in end-stage disease. WLRT or partial liver irradiation (PLRT) has been
shown to effectively palliate such patients, thereby improving quality of life"*"**. Examples of regimens
include 8Gy/1 fraction, 21Gy/7 fractions, and 30Gy/15 fractions. Bydder et al.”* reported prospectively
between 53% to 66% improvement in symptoms at 2 weeks. Edyta et al.”* reported a 100% improvement
in symptoms at 1 month in a retrospective study. The results of these studies are shown in further detail in
Table 3.

Palliative liver radiotherapy is delivered using a simple method of conventional radiotherapy. Patients are
positioned supine and treated with 2 to 3 portals, including most of the liver. Treatment is generally well-
tolerated and serious adverse events are rare. Most patients may experience grade 1 to 2 anorexia, and
nausea and vomiting following treatment with radiotherapy, and these can be managed symptomatically.
Dexamethasone and anti-emetics are useful to counter radiotherapy-induced nausea.

CONCLUSION

Alongside surgical resection of hepatic metastases, local ablative therapies in the form of SBRT and CT-
HDRBT have a role in the management of oligometastatic disease. Prospective randomized trials comparing
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the various modalities are needed to elucidate comparative long-term outcomes of RT specifically. Dose
selection is currently arbitrary, based on lesion size, location and liver function. However, we acknowledge
that the spectrum of primary tumours may have varying radio-sensitivity, and an attempt to tailor the
dose (biologically-guided treatment), according to the different primaries, should be investigated™. In
addition, the patient and disease should be considered holistically. As such, multidisciplinary discussion
and collaboration between surgeons, interventional radiologists and oncologists is crucial. Treatment
options should be personalized, with the pros and cons of each therapy balanced against the risk of disease
progression. On the other end of the palliative spectrum, low-dose whole or partial liver radiotherapy may
be used for patients with high disease burden and severe symptoms.
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