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Liver Cancer

Introduction
Liver cancer remains a major health care
concern especially in Asia. Prevention is better
than treatment, and knowing the major
aetiologies allow us to develop appropriate
strategies to minimize future development of
liver cancer. It is important to recognize that
curative treatment for liver cancer remains
primarily surgical (both surgical resection and
liver
transplantation).
Chemotherapy
or
immunotherapy plus radiotherapy although
improving, still remain primarily palliative
options. It is thus important to consider the
treatment of this highly fatal cancer in a
multi-disciplinary fashion, in order that the
most appropriate treatment option is chosen
for the patient.

Editor Dato’ Dr Tan Kai Chah
Liver Transplant &
Hepatobiliary Surgeon
Asian American Liver Centre
Gleneagles Hospital, Singapore

Editor Dr Lee Kang Hoe
Respiratory Physician & Intensivist
Asian American Liver Centre
Gleneagles Hospital, Singapore
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Aetiology of Liver Cancer
Background

Primary liver cancer or hepatocellular carcinoma is one of the most
common cancers worldwide. It is the sixth most common cancer
and the third most deadly cancer globally. In Singapore it is the
fourth most common cancer in men and has the second highest
mortality rate amongst cancers for men. In women although it falls
outside the top 10 cancers, it has the fourth highest mortality rate
amongst cancers in women.
Hepatocellular carcinoma is thought to arise from aberrations in the
DNA and DNA repair, as well as from oncogene activation and
tumour suppressor gene inactivation in hepatocytes. Chronic liver
disease results in the cycle of chronic inflammation, repair and
fibrosis and provides the setting for the changes just described to
occur. Therefore any aetiology that results in liver cirrhosis will also
increase the risk of development of hepatocellular carcinoma,
although this risk varies from aetiology to aetiology. Outside the
setting of cirrhosis, hepatocellular carcinoma can also develop and
this is seen in the setting of chronic hepatitis B virus infection. There
is accumulating evidence that points to hepatocellular carcinoma
developing without cirrhosis in the setting of non-alcoholic
steatohepatitis although this needs corroboration from more
studies.

Aetiology

Below is a brief discussion of the more common aetiologies of
chronic liver disease/hepatocellular carcinoma.
Chronic Hepatitis B Virus Infection
This is the most common aetiology of chronic liver disease
worldwide and is especially prevalent in the Asia-Pacific region. It is
also the most common cause of hepatocellular carcinoma
worldwide in the Asia-Pacific region. Chronic infection usually
results from vertical transmission at childbirth or transmission in
early childhood. Adult infection is usually from sexual transmission
resulting in acute infection and chronic infection is the exception
(less than 1%). The infection evolves through several stages in its
natural history (immunotolerant phase, immune clearance phase,
immune control phase and immune escape phase).
The risk of hepatocellular carcinoma is about 1:200 for individuals
who achieved the immune clearance phase or its virus is controlled
through medication. This risk increases if there is chronic
inflammation (1:25) and is even higher with liver cirrhosis (up to 1:4).
Chronic Hepatitis C Virus Infection
This is the second most common chronic liver disease although its
prevalence is low in Singapore. It is acquired through exposure to
contaminated blood products, surgical instruments, needlestick
injury and intravenous drug abuse. Infected patients have a high risk
of progression to chronic liver disease and consequently
hepatocellular carcinoma. Unlike chronic hepatitis B virus infection,
cancer only arises in the setting of liver cirrhosis.
Until recently treatment of chronic hepatitis C virus infection has
been disappointing with success rates hovering around 60% with
combination treatments. This has led to projections that
hepatocellular carcinoma in many countries will continue to rise and
peak in about 2020.
However this has all changed with the advent of the direct acting
anti-viral drugs which can treat chronic hepatitis C virus infection
with success rates in excess of 90% and often close to 100%. These
medications have the additional advantage of being taken orally
over the short term of three months and are associated with
minimal side effects. This will most definitely alter the epidemiology
of HCV where many successfully treated individuals will be saved
from progression to chronic liver disease.
Non-Alcoholic Fatty Liver Disorder
This is the new epidemic of chronic liver disease and almost
certainly will replace chronic viral hepatitis is the most common
form of chronic liver disease. In many developed countries over
20% of the population have been documented to have
non-alcoholic fatty liver disorder. However it is not confined to
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developed countries as the prevalence of non-alcoholic fatty liver is on
the rise in developing countries. Not all cases of non-alcoholic fatty
liver disorder will result in cirrhosis but only those who develop liver
inflammation (non-alcoholic steatohepatitis). This is thought to require
a second step in the pathophysiology and has been identified as insulin
resistance. Already, present studies point to an increasing prevalence
of non-alcoholic fatty liver disorder resulting in liver cirrhosis. In the
United States of America, non-alcoholic fatty liver disorder is already of
the second most common aetiology for liver transplantation (many of
these are for hepatocellular carcinoma associated with fatty liver).
The risk of hepatocellular carcinoma associated with fatty liver is
thought to be lower than that of chronic hepatitis B virus infection or
chronic hepatitis C virus infection. However the high prevalence of fatty
liver will result in a high absolute number of liver cancers.
Worryingly there is accumulating evidence to suggest that
hepatocellular carcinoma associated with non-alcoholic fatty liver
disorder can develop in individuals who are without liver cirrhosis. This
raises the spectre of the need of more individuals needing screening,
putting an extra burden on many overstretched health services.

Co-factors
Individuals with chronic liver disease who are exposed to aflatoxin
significantly increases the risk of hepatocellular carcinoma
development. Aflatoxin is produced by spores of the Aspergillus
fungus. They are found in improperly stored nuts and cereals, and also
in soil.

Intervention

The identification of the various aetiology of chronic liver disease
allows for intervention to prevent or reduce the risk of formation of
hepatocellular carcinoma. These take the form of primary prevention,
treatment of chronic viral hepatitis and surveillance of at-risk
individuals:
Chronic Hepatitis B Virus Infection
Primary prevention: universal hepatitis B vaccination
Treatment: suppression of viral replication by oral anti-viral medication
or treatment with interferon
Surveillance: identification of carriers through screening, especially in
family members of affected individuals
Chronic Hepatitis C Virus Infection
Primary prevention: screening of blood products; maintaining high
standards of medical equipment and practice
Treatment: new generation direct acting anti-viral
Surveillance: screening of all individuals with chronic hepatitis c virus
infection including those who have been treated successfully
Non-Alcoholic Fatty Liver Disorder
Primary prevention: health education to public on a healthy lifestyle
Treatment: drug treatment of non-alcoholic fatty liver disorder is
presently sub optimal
Surveillance: present guidelines recommend surveillance of individuals
with cirrhosis

Conclusion
Going forward, the burden of hepatocellular carcinoma from chronic
viral hepatitis is projected to decline. However, the new epidemic of
non-alcoholic fatty liver disorder will add on to the global burden of
hepatocellular carcinoma and the net effect remains to be seen.

Dr Lui Hock Foong
Gastroenterologist
Gleneagles Hospital, Singapore

Systemic Therapy
Hepatocellular carcinoma (HCC) often present in the
advanced stage. While there have been many advances
in surgery and transplant, patients who have are able to
have these curative treatments are the minority. Multiple
factors, including performance status and underlying
liver function, determine the course of the disease and
optimal management. More than 90% of patients
diagnosed with HCC have underlying liver cirrhosis.
Systemic treatment is recommended in metastatic HCC,
as well as patients who have failed loco-regional
therapies. The use of systemic treatment in the adjuvant
setting, or in combination with loco-regional therapies
such as trans-arterial chemoembolization (TACE) and
radiofrequency ablation (RFA), have not been shown to
provide a survival benefit thus far.

Chemotherapy
The evidence supporting the use of chemotherapy is
largely based on single arm studies, rather than
randomized trials. These studies report a wide variation
in response rates and inconsistencies in efficacy.
Doxorubicin, used alone or in combination, has not been
shown to provide a clear overall survival benefit. Other
chemotherapy agents include cisplatin, oxaliplatin, and
fluorouracil, all with no survival benefit in randomized
studies. With concern over treatment-related toxicities,
many guidelines do not support the use of
chemotherapy, and advise that its use should only be
within the context of a clinical trial.

Anti-angiogenic therapy
Multiple signalling pathways are involved in the
pathogenesis of HCC, including the vascular endothelial
growth factor (VEGF), platelet derived growth factor
(PDGF), Ras/Raf/MAP kinase and mTOR pathways.
Studies exploring the use of mTOR inhibitors have
largely been negative. However, blocking of
angiogenesis and concomitant blockade of other
targets has had some success.
Sorafenib (Nexavar) is an oral multi-kinase inhibitor,
blocking the activity of VEGF receptors 1, 2, and 3, as
well as PDGF receptor-β, braf, c-kit and FLT-3. It is the
first targeted therapy to demonstrate overall survival
benefit in advanced HCC. The recommended dose is
400mg twice daily. Two phase III studies, the SHARP
(Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol) trial and the Asia-Pacific trial
(Efficacy and Safety of Sorafenib in Patients in the
Asia-Pacific Region with Advanced Hepatocellular
Carcinoma), showed that Sorafenib in patients with
Child’s Pugh A (CP-A) liver function had improvement in
median survival compared to placebo. However, both
studies did not show any improvement of symptoms or
improved quality of life. Patients with impaired liver
function (CP-B8 and above) were excluded from these
studies. A post marketing study in such patients
demonstrated an increase in treatment related toxicities,
with difficulties in ascertaining benefit. Therefore, the
use of Sorafenib in patients with impaired liver function
is currently not strongly supported.
In the first line setting, other oral anti-angiogenic
tyrosine kinase inhibitors such as Sunitinib, Linafinib and
Brivanib have been compared with Sorafenib with the
end point of non-inferiority, but were all negative.
Studies in the second-line setting, following disease

progression on Sorafenib have been equally disappointing
until recently. The phase III RESORCE (Regorafenib after
Sorafenib in patients with Hepatocellular Carcinoma) trial
found that patients taking Regorafenib, compared to
placebo and best supportive care, had a better median
overall survival of 10.6 months vs 7.8 months (p<0.001).
Regorafenib (Stivarga) is structurally similar to Sorafenib,
but differs only by the addition of a fluorine atom in a
centre phenyl ring. This difference results in a distinct
biochemical
profile,
with
higher
potency.
The
recommended dose of Regorafenib is 160mg daily, taken
continuously for 3 weeks, followed by 1 week of rest.
Common side effects of both tyrosine kinase inhibitors
include diarrhoea, hand-foot syndrome and fatigue.
Ramucirumab (Cyramza) is a recombinant IgG monoclonal
antibody that binds to the extracellular domain of
VEGFR-2 and inhibits angiogenesis. It is given
intravenously every two weeks at a recommended dose of
8 milligrams per kilogram body weight. The REACH trial
compared Ramucirumab against placebo following failure
of Sorafenib. While the results for the intention to treat
population was negative, pre-specified subgroup analysis
of patients with α-fetoprotein of more than 400ng/ml
showed a significant overall survival benefit. Subsequent
follow up publications of the study showed that a
significant survival benefit was also observed in patients
with CP-A5, as well as, the subgroup of Japanese patients.
The side effect profile of Ramucirumab differs from
Sorafenib and Regorafenib, mainly causing oedema,
ascites and headaches, of which none were higher than
grade 2 in the study.

Immunotherapy
The evolving field of immunotherapy in oncology has also
generated interest in HCC. PD-L1 is expressed in the
majority of patients with HCC, and is significantly
associated with markers of tumour aggression, such as
high α-fetoprotein levels, microvascular invasion and poorly
differentiated tumours. Initial studies with CTLA-4
blockade showed partial response rates of ~15% and
disease control rates of ~75%. However, this was associated
with grade 3 transaminitis seen in half of the patients.
Anti-PD1 blockade with Nivolumab (Opdivo) showed a
response rate of 19% and a disease control rate of 67%.
More importantly, these responses were observed
regardless of hepatitis infection status, and also
demonstrated safety of its use. Sustained response was
also observed, including 2 complete responses and 7
partial responses in a small cohort of 39 patients. Multiple
phase II/III studies are underway, exploring the
combination of CTLA-4 and PD-L1 blockade, as well as the
use of anti-PD1 antibodies with Sorafenib.

Summary
Sorafenib had been the only clinically meaningful option
for the systemic treatment of advanced HCC prior to recent
studies. We eagerly await mature trial results to expand our
therapeutic options and improve outcomes.

Dr Thomas Soh I Peng
Medical Oncologist
Gleneagles Hospital, Singapore
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Radiotherapy for Liver Cancer: Re-Emerging
Technology with New Applications
Introduction
Historically, external beam radiotherapy (RT) has had a
limited role in liver cancers. Previously, the whole liver was
treated, leading to unacceptable rates of radiation-induced
liver disease (RILD), even at low doses of conventional
radiation(33-35Gy). Since tumor control was unachievable at
such low doses, interest in RT declined, and other local
therapies became mainstream.
Recently, advancement in radiation technologies has led to a
re-emergence of RT as a non-operative option in liver
cancers. This adds to the limited armamentarium of
treatments for inoperable patients, which unfortunately is the
case for most liver cancers.

Technological Advances in the last 3 decades
Three-dimensional conformal radiation therapy (3D-CRT)
selectively treated liver tumors while minimizing dose to
uninvolved areas of the liver.
Development of multi-leaf collimators and CT based planning
enhanced this capability. Dose escalation studies showed
better outcomes with intensified local therapy.
4 dimensional CT scans allowed
the trajectory of the tumor to be
accounted for during radiation
treatment planning. This ensures
that breathing related tumor
motion does not affect tumor
targeting

Modern computer treatment
planning systems with advanced
algorithms generate plans that are
highly shaped to the tumor
configuration. Doses closely model
in-vivo distribution, taking into
account different tissue densities
and air interfaces.

On-board imaging capabilities
enable image-guided treatments,
whereby the tumor is tracked by
the radiation beams or monitored
live to ensure accuracy.

Stereotactic body radiation
therapy (SBRT) delivers ablative
doses of radiation in a single or
few fractions. This advanced
technique is able to destroy
tumors and provide high local
control of up to over 90% at one
year.
Delivery technology such as Intensity
Modulated Radiation Therapy (IMRT),
Volumetric Arc Therapy (VMAT) and
high dose rate flattening filter free
(FFF) systems enable efficient
delivery of complex dose plans in less
than half of the time required
previously, thereby reducing errors
due to patient movement.
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Clinicians today can target tumors specifically, spare normal
tissue effectively, ensure geographical accuracy in spite of
physiological movements, and deliver doses efficiently so
that patients can have their liver tumors ablated in an entirely
non-invasive, painless, and outpatient setting.

3DCRT
Partial Liver Irradiation has been practiced since the early
2000s for unresectable heptatocellular carcinoma (HCC)
and intra-hepatic cholangiocarcinoma (ICC) using
conventional daily fractionations, with dose limits for the
normal liver. A Michigan study with 128 patients (37% liver
metastases, 28% HCC, 35% ICC) reported median survival of
15.8 months and 3-year survival of 17% using conformal
hyperfractionated RT with concurrent hepatic arterial
fluorodeoxyuridine. Patients with focal tumors had a 2-year
actuarial freedom from hepatic progression of 72%. These
results were significantly improved compared to historical
control while maintaining reasonable toxicity rates. Multiple
retrospective series from Asia have also been published
demonstrating safety and efficacy.

SBRT
SBRT brings together all recent radiation technological
advances and builds on the experience of partial liver
irradiation. The ability to specifically target tumors with one
or few fractions drastically cuts down the overall treatment
duration and limits interruption of systemic therapy, making it
an attractive treatment option in advanced liver cancers. The
emerging role of immunotherapy for incurable liver cancers
and the potential immune stimulatory effect of high dose
radiation such as in SBRT make combination therapy an
attractive innovative option.
Criteria for SBRT
• Often used for patients with 1-3 tumors with minimal or no
extra-hepatic disease, irrespective of location
• No strict size limit, may be used for larger lesions if liver
tolerance is observed
• Safety and efficacy data are applicable to Child’s Pugh (CP)
A patients, CP B patients can be safely treated with dose
modifications, safety for CP C patients has not been
established
Evidence for the use of SBRT
No prospective randomized trials, but safety and efficacy
demonstrated by multiple retrospective and prospective
phase I/II studies. Randomized data of TACE were compared
to only supportive care, and LC and OS remained poor. Unlike
RFA, SBRT is not affected by the ‘heat sink effect’ and is
entirely outpatient and non-invasive, with no risk of tumor
rupture or track seeding.
1) Patient cohorts with a) advanced disease and b) failed
prior arterially directed therapies
• One-year LC rates from 64-100% and OS from 48-100%
2) Patient cohorts of early stage tumors unsuitable for
surgery, which were treated with SBRT
• One-year LC rates of 95-100% and OS of 99-100%
3) Salvage RT after TACE in a Korean institution
• Overall response rate of 83.9% and complete response
rate of 22.6%
4) Retrospective study comparing RFA and SBRT in 224
patients with inoperable non-metastatic HCC
• SBRT may be a preferred option for tumors 2cm or
larger.

Figure B
3D-CRT

IMRT

Radiotherapy for HCC with Tumor Vein
Thrombosis (TVT)
Outcomes are particularly poor with median survival at
2-4 months in untreated patients. Portal TVT is often a
contraindication for arterially directed therapies and has
been associated with increased risk of mortality on
multivariate analysis. Outcomes are poor in patients
with
portal
TVT
treated
with
transarterial
radioembolization (SIRT). Additionally, alteration of the
vasculature by TVT can interfere with effective dose
delivery. SBRT does not depend on preserved hepatic
vasculature and has been safely delivered in numerous
patients with TVT.

Evidence for RT in patients with HCC and
TVT
Among reported series, response rates of 50-79% and
median OS of 3.8-22 months
1) 412 patients with HCC with portal TVT (200
involving main or bilateral portal vein. (Yoon et al.)
• Median dose of 40Gy in 2-5 fractions directed to
the thrombosis in conjunction with TACE.
• Progression-free survival was 85.6%, 1-year OS was
42.5%, and median OS was 10.6 months.
2) Sugahara et al. noted a significant increase in OS in
patients who received proton RT to both the portal
TVT and intrahepatic disease compared to RT to
TVT only
• Improved techniques of modern liver-directed RT
make treatment of the full disease extent feasible.

Proton Beam Therapy (PBT)
PBT is touted as a superior form of ionizing radiation
because of the proton beam’s extremely rapid dose
fall-off at the end of its range. The proton beam is able
to deposit most of its energy within a short range,
allowing for greater normal tissue sparing. A study
comparing proton and photon beam plans showed that
for the same liver lesion, the proton plans were
associated with lower mean hepatic, stomach and
maximum spinal cord doses. (Yu&Park, 2016, World
Journal of Gastroenterology) (See Figure B)

Evidence for the use of PBT

SBRT

Proton beam

1) 318 patients treated at the University of Tsukuba
• 44.6% OS rate at 5 years implies that PBT can be
delivered safely and effectively in selected patients.
2) Phase II study of high-dose proton therapy (Bush et al.)
• Despite including several patients with advanced
disease (54% with disease outside Milan criteria), the
median progression-free survival was 36 months with
no grade 3 or more toxicities.
3) Meta-analysis of 70 studies comparing charged-particle
therapy (mostly PBT) to SBRT and 3DCRT
• OS, PFS, and locoregional control through five-years
were greater for charged-particle therapy than for
3DCRT
• No significant differences between charged-particle
therapy and SBRT
Palliative Radiotherapy
Many patients with late-stage disease remain ineligible for
SBRT because of tumor size or baseline liver function. A
recent study from Toronto showed substantial improvements
in patient-reported quality of life after a single fraction of
palliative RT using simple fields. 48% of patients reported
improved symptoms on average at 1-month follow-up.
Conclusion
Liver directed radiation therapies have re-emerged
recently, offering patients with inoperable cancers greater
options and hope. The data published confirm that these
treatments are safe and effective. Questions concerning
the optimal treatment(s) and combinations remain and
studies attempting to answer them are underway.
Meanwhile, clinicians managing liver cancers should be
aware of the range of treatments available and prescribe
them as part of a comprehensive management plan.

Dr Daniel Tan Yat Harn
Radiation Oncologist
Asian American Radiation Oncology
Gleneagles Hospital, Singapore

No randomized prospective data comparing proton
beam therapy to other treatment modalities.
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Locoregional Therapies For Hepatocellular
Carcinoma (HCC)
Imaging guided locoregional therapies play an
important role in the management of HCC, which are
listed as treatment options for BCLC Stage 0 to Stage
B disease. They currently consist of two main
categories, namely imaging guided tumour ablation
and imaging guided intra-arterial embolotherapy.

Imaging Guided Tumour Ablation
Tumour ablation is currently recommended for BCLC
Stage 0 (single tumour <2cm) and Stage A disease
(single or <3 tumours, not exceeding 3 cm in size) as
potentially curative options when surgery is not
feasible. Ablation may be performed via percutaneous
route in the radiology department, or intraoperatively.
This therapy involves the insertion of a needle under
ultrasound and/or CT guidance into the tumour, for
delivery of focal energy to achieve tumour necrosis.
Radiofrequency ablation (RFA) is probably the most
commonly used technology currently, where an
alternating current is applied to excite ions, thereby
creating frictional heat to induce cell death. A
relatively newer technology uses microwave (MWA)
to induce molecular rotation, which then generates
heat to induce cell death. The main advantage of MWA
over RFA is the ability to overcome the heat-sink
effect and creates a bigger ablation zone. The
heat-sink effect occurs when the tumour is adjacent to
a major blood vessel which can dissipate heat from
the tumour, causing suboptimal ablation and
incomplete necrosis. Incomplete necrosis can also be
due to difficulty in optimal needle placement when
tumours are in unfavorable locations, such as the
dome in an obese patient, or tumours adjacent to
critical structures such as the heart, IVC, main portal
vein or gallbladder.
Residual viable tumour may be treated with ablation
again, depending on its size and geometry, or with
intra-arterial embolotherapy, or a combincation of
both. For tumours between 3 to 5 cm, the risk of
incomplete necrosis is high if ablation is performed
alone. There has been a recent trend in using
combined chemoembolization and ablation to achieve
complete tumour eradication in this group. For
tumours more than 5 cm, ablation is generally not
considered as the risk of incomplete necrosis is too
high.
Ablations are usually performed under moderate
sedation. They are generally well tolerated and
patients can often be discharged on the same or next
day. Patients may experience transient abdominal pain
and
fever
which
can
be
managed
with
antipyretic/analgesia medications.

Imaging Guided Intraarterial Embolotherapy
Imaging guided intra-arterial embolotherapy involves
the delivery of chemotherapy agents or radiation
directly into the tumour. This is indicated as a palliative
treatment for BCLC Stage B disease (multifocal HCC,
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Child-Pugh A-B) where curative surgery is not possible,
and also as a bridging treatment while waiting for liver
transplant. This treatment approach takes advantage of
the fact that the liver derives most of its blood supply
from the portal vein, while hepatic tumours derive their
blood supply from hepatic arteries. Catheters, which can
be introduced into the body via the common femoral or
radial arteries, are manipulated deep into the hepatic
arteries under fluoroscopic guidance to deliver
chemotherapy
agents
(called
TRANSARTERIAL
CHEMOEMBOLISATION or TACE), or radiation (called
RADIOEMBOLISATION).
In TACE, the chemotherapy agents can be mixed with
lipiodol to create an aqueous-oil emulsion, or they can be
loaded onto tiny particles (called drug-eluting beads). In
addition to the cytotoxic effect of the chemotherapy
agents, the lipiodol or drug eluting bead creates an
emboli effect to induce hypoxia in the tumours. TACE is
currently the most commonly performed procedure in
the world for patients with unresectable multifocal HCC,
which has been shown to improve overall survival. The
common side effect of TACE is post embolization
syndrome, which consists of transient abdominal pain,
low grade fever, fatigue, nausea, and vomiting which can
last from a few days to a week. TACE is generally well
tolerated and most patients can be discharged after one
night of hospitalization.
In radioembolisation, Yittrium-90, a beta-emitting
isotope, is loaded onto microspheres and delivered via
the hepatic arteries. Two absolute contraindications exist
for radioembolisation. The first contraindication is the
presence of significant hepatopulmonary shunting which
would result in significant radiation being delivered to
the lungs, resulting in radiation pneumonitis. The second
is the inability to prevent non-target deposition of
radiation particles to the gastrointestinal tract, which can
result in severe radiation induced gastroduodenal ulcers,
gastroduodenitis, pancreatitis and cholecystitis. The
degree of hepatopulmonary shunting and possibility of
non-target embolization have to be assessed with
catheter-based hepatic angiogram and Technicium- 99m
macroalbumin scan. As the size of the microspheres are
very small, their embolic effect is minimal and
radioembolisation can be safely used in patients with
portal vein thrombosis. There are currently no RCTs to
demonstrate the superiority of radioembolisation over
TACE. However, radioembolisation would require the
institution to have the necessary nuclear medicine
facilities and more planning and preparation work
involved.

Dr John Wan Mun Chin
Radiologist
ParkwayHealth Radiology
Gleneagles Hospital, Singapore

Surgical Treatment for HCC
Hepatocellular cancer (HCC) differs from other
neoplasms due to the fact that the choice of treatment
is dependent not just on cancer stage but also on
hepatic functional reserve. Both of these factors must
be integrated into the treatment algorithm to optimize
outcomes as demonstrated by development of the
Barcelona Clinic Liver Cancer (BCLC) staging system in
2005 (updated 2011) and the Japan Clinical Practice
Guidelines for Hepatocellular Carcinoma in 2005 (last
updated 2013).
The most common HCC staging system used is the
International Union against Cancer (UICC) TNM
classification (7th edition), where stage is influenced by
tumor size, number, presence of vascular or other organ
invasion, lymph node status and metastasis. Evaluation
of hepatic functional reserve can be performed using
the Child-Pugh classification, consisting of 5
parameters: bilirubin, albumin, prothrombin time,
ascites and encephalopathy. The indocyanine green
(ICG) clearance test is a more sensitive indicator of liver
function. ICG is a synthetic dye that is eliminated by the
liver without extrahepatic metabolism or excretion and
the rate of its’ blood clearance is widely used in East
Asia and some European countries to determine the
safe extent of liver resection. The Model for End Stage
Liver Disease (MELD) score is commonly used to guide
listing for liver transplantation.
Surgical resection is considered the primary mode of
treatment for HCC in patients who are fit for surgery.
Feasibility of resection, however, is determined by the
adequacy of liver remnant remaining after surgery. The
minimum amount of remnant that has to be retained
depends of the extent of tumor and the hepatic
functional reserve. Patients with normal livers can
tolerate resection leaving a remnant of 20-25% of total
liver volume whereas patients with cirrhosis usually
would require a remnant of ~40%. The ICG test is a
detailed index to determine the extent of hepatectomy;
for example, an ICG retention rate at 15 mins <14% has
been shown by ST Fan et al to be the safety limit for
major hepatectomy (resection of ≥ 3 segments).
Anatomical liver resection, originally introduced by
Makuuchi as segmentectomy and subsegmentectomy,
is the systematic removal of the Couinaud hepatic
segment(s) containing tumor-bearing portal tributaries
(Figure 1). Anatomical resection theoretically removes
intrahepatic tumor spread through branches of the
portal vein. It has been shown to improve survival
compared to non-anatomical resection for HCC and is
standard of care in many East Asian hepatobiliary
centres.
In the last 20 years, advances in operative technique,
perioperative management, training, and improvement
in instrumentation have enabled safe liver resection in
specialized centres. Currently, the mortality risk from
liver resection in major centres is <5%. The risk of
intraoperative haemorrhage, which was the main cause
of intra-operative mortality, is lessened by the ability to
obtain inflow and outflow (Figure 2) control of the
segment(s) to be resected or the use of the Pringle
maneuver. Liver parenchymal transection can now be
performed meticulously with energy devices with
isolation and control of intervening blood vessels.
Maintenance of central venous pressure ≤ 5cm H20 may
also help reduce the amount of operative blood loss.

Figure 1. Anatomical resection of segment 5 & 8 of liver, also known
as right anterior sectionectomy. The left lobe and segments 6 & 7 of
liver are preserved.
Figure 2. Inflow control of right
posterior pedicle containing
corresponding branches of
bileduct, portal vein and hepatic
artery using a vascular stapler.
This is performed prior to
parenchymal transection.

Other complications of liver surgery include but are not
limited to post-operative haemorrhage, bile leakage, and
intraabdominal infection or abscess. These complications
can usually be managed using interventional radiologic or
endoscopic measures, and occasionally reoperation.
Post-hepatectomy liver failure (PHLF) is rare in East Asian
centres (1-2%) and management will entail supportive
therapy and even liver transplantation. The mainstay of
treatment of PHLF is prevention, stringent patient
selection criteria, and techniques to increase liver remnant
volume in borderline cases e.g. portal vein embolization.
At the present time, the majority of our patients stay 4-6
days in the hospital after a hepatectomy and many are
able to return to work in 3-4 weeks. The length of
hospital stay can be further reduced by using
laparoscopic techniques which minimizes the extent of
incisions leading to less post-operative pain and faster
recovery.
Patients with HCCs related to underlying hepatitis B or
cirrhosis will need close surveillance with blood tests
and scans in the post-operative period due to the risk of
tumor recurrence in the remnant liver. Recurrence rates
at 5 years have been reported to exceed 60% in some
studies, and up to > 30% of recurrences may be
re-resectable if discovered at an early stage.
Surgical resection remains the primary treatment for fit
patients with HCC who have adequate liver function and
remnant. The modern development of multi-disciplinary
assessment,
advanced
surgical
technique
and
peri-operative management has enable many patients
to be cured via safe hepatectomy.

Dr Cheah Yee Lee
Liver Transplant &
Hepatopancreatobiliary Surgeon
Asian American Liver Centre
Gleneagles Hospital, Singapore
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Liver Transplantation for Liver Cancers
Surgical resection or liver transplantation remains
the main modalities for cure in patients with liver
cancer. Liver transplantation would also replace the
cirrhotic liver with a new liver while removing the
liver cancer. The main limitation for liver
transplantation remains finding a suitable donor,
whether cadaveric or live. The long terms results
for liver transplantation has improved over the
decades and in carefully selected liver cancer
patients, the overall 5 year survival post liver
transplantation is as good as those without liver
cancer.
The pivotal study was published by Mazzafero et al.
in 1996. This showed that patients within the
so-called “Milan criteria” for liver cancer had the
same outcome (85% survival at 4 years) as those
without liver cancer post liver transplantation for
cadaveric donors. The Milan criteria limited the size
of the liver cancer and the number of liver lesions.
This criteria has since been extended by various
institutions and further refinements have provided
better prognostic markers.

treatments, the risk of liver cancer recurrence is much
less post liver transplantation.
We have been performing live donor liver
transplantations at our centre for over 10 years (since
2002). Nearly 50% of our cases are liver cancers and
despite the large tumour sizes (beyond Milan criteria),
they have an excellent 5 year survival of more than
60%. Post liver transplantation, most of the patients
are given everolimus as well, to reduce the risk of liver
cancer recurrence. Obviously, close surveillance is
important as well after the transplant operation, as
50% of recurrence will be outside the liver. Given
these excellent results, it is important that liver
transplantation is included in the discussion for liver
cancer and more planning and preparation work
involved.

Dr Lee Kang Hoe
Respiratory Physician & Intensivist
Asian American Liver Centre
Gleneagles Hospital, Singapore

The real advance has been in live donor liver
transplantation which is the prime modality of liver
transplantation in Asia due to the lack of cadaveric
donors. Utilization of live donors has therefore
altered the need to balance the needs of the
non-liver cancer patients with liver cancer patients
on the cadaveric waiting list. Many studies in
various countries have now shown to have
acceptable
long
term
survival
post
liver
transplantation even in very large liver cancers. The
Hangzhou criteria accepts tumour < 8 cm or > 8 cm
if well differentiated and AFP < 400 ng/mL. This
provides a 70% 5 year survival in their series.
Other prognostic markers clearly indicate poor
prognosis for liver cancer patients post liver
transplantation. These markers include the
following: macrovascular invasion, high AFP levels,
poorly differentiated HCC, and PET positivity.
It is also important to note that patients with liver
cirrhosis and liver cancers have very high
recurrence rates of their liver cancers even after
liver resection. These recurrent liver cancers may
be treated with salvage liver transplantation but
quite a number are no longer transplantable
because of the spread of the liver cancer. As such,
a timely liver transplant operation is important.
Liver cancers may also be downsized before the
liver transplant operation and in some cases also
allow the cancer to declare itself in terms of
aggressiveness. If the AFP responds well and the
tumour is controlled well with such loco regional
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