


CONSENSUS DOCUMENT FOR
MANAGEMENT OF
HEPATOCELLULAR CARCINOMA

Prepared as an outcome of
ICMR Subcommittee on Hepatocellular Carcinoma

INDIAN COUNCIL OF
MEDICAL RESEARCH

Serving the nation since 1911

Division of Non Communicable Diseases

Indian Council of Medical Research
Ansari Nagar, New Delhi - 110029
2019




Disclaimer

This consensus document represents the current thinking of experts on the topic based on available
evidence. This has been developed by national experts in the field and does not in any way bind a
clinician to follow this guideline. One can use an alternate mode of therapy based on discussions with
the patient and institution, national or international guidelines. The mention of pharmaceutical drugs for
therapy does not constitute endorsement or recommendation for use but will act only as a guidance for
clinicians in complex decision —-making.

Dr. Balram Bhargava

Secretary,

Department of Health Research
and Director General, [CMR

Published in 2019

Head (Publication & Information) : Dr. N. Tandon

Compiled & Edited by : Dr. B. Sirohi, Dr. Tanvir Kaur

Production Controller : JN Mathur

Published by the Division of Publication and Information on behalf of the Secretary DHR & DG, ICMR, New Delhi.

Designed & Printed at M/s Royal Offset Printers, A-89/1, Naraina Industrial Area, Phase-I, New Delhi-110028
Mobile: 9811622258




Foreword

I am glad to write this foreword for Consensus Document for Management
of Hepatocellular Carcinoma. The ICMR had constituted sub-committees to
prepare consensus document for management of various cancer sites. The
various subcommittees constituted under Task Force project on Review of Cancer
Management Guidelines which worked tirelessly in formulating site-specific
guidelines. The purpose of consensus document is to provide clear, consistent,
succinct, evidence-based guidance for management of various cancers. I appreciate
and acknowledge support extended by each member of the subcommittees for their 9
contribution towards drafting of the document.

Hepatocellular Carcinoma require specialized multi-disciplinary care and treatment for better
outcome. This document consolidates the modalities of treatment including the diagnosis, risk
stratification and treatment. Hope that it would provide guidance to practicing doctors and researchers
for the management of patients suffering from Hepatocellular Carcinoma and also focusing their research
efforts in Indian context.

It is understood that this document represents the current thinking of national experts on
the subject based on available evidence. Mention of drugs and clinical tests for therapy do not imply
endorsement or recommendation for their use, these are examples to guide clinicians in complex decision
making. We are confident that this Consensus Document for Management of Hepatocellular Carcinoma
would serve desired purpose.

WWA

(Dr. Balram Bhargava)
Secretary, Department of Health Research
and Director-General, ICMR




Message

[ take this opportunity to thank Indian Council of Medical Research and all
the expert members of the subcommittees for having faith and considering me as
chairperson of ICMR Task Force project on guidelines for management of cancer.

The Task Force on management of cancers has been constituted to plan
various research projects. Two sub-committees were constituted initially to review
the literature on management practices. Subsequently, it was expanded to include
more sub-committees to review the literature related to guidelines for management
of various sites of cancer. The selected cancer sites are lung, breast, oesophagus,
cervix, uterus, stomach, gall bladder, soft tissue sarcoma and osteo-sarcoma, tongue,
acute myeloid leukemia, acute lymphoblastic leukaemia, CLL, Non Hodgkin’s Lymphoma-high grade,
Non Hodgkin’s Lymphoma-low grade, Hodgkin’s Disease, Multiple Myeloma, Myelodysplastic Syndrome,
Pediatric Lymphoma, Pancreatic Cancers, Hepatocellular Carcinoma and Neuroendocrine Tumours. All
aspects related to management were considered including, specific anti-cancer treatment, supportive
care, palliative care, molecular markers, epidemiological and clinical aspects. The published literature till
October 2015 was reviewed while formulating consensus document and accordingly recommendations
are made.

Now, that [ have spent over a quarter of a century devoting my career to the fight against cancer,
[ have witnessed how this disease drastically alters the lives of patients and their families. The theme
behind designing of the consensus document for management of cancers associated with various sites
of body is to encourage all the eminent scientists and clinicians to actively participate in the diagnosis
and treatment of cancers and provide educational information and support services to the patients
and researchers. The assessment of the public-health importance of the disease has been hampered
by the lack of common methods to investigate the overall worldwide burden. ICMR’s National Cancer
Registry Programme (NCRP) routinely collects data on cancer incidence, mortality and morbidity in India
through its co-ordinating activities across the country since 1982 by Population Based and Hospital
Based Cancer Registries and witnessed the rise in cancer cases. Based upon NCRP’s three year report
of PBCR’s (2012-2014) and time trends on Cancer Incidence rates report, the burden of cancer in the
country has increased many fold.

In summary, the Consensus Document for management of various cancer sites integrates
diagnostic and prognostic criteria with supportive and palliative care that serve our three part mission
of clinical service, education and research. Widespread use of the consensus documents will further help
us to improve the document in future and thus overall optimizing the outcome of patients. I thank all the
eminent faculties and scientists for the excellent work and urge all the practicing oncologists to use the

document and give us valuable inputs.

(Dr. G.K. Rath)
Chairperson
ICMR Task Force Project




Preface

Hepatocellular Cancer remains an aggressive cancer with a dismal long term prognosis. With the rise
of non alcoholic fatty liver disease and hepatitis B being endemic in India, this is a major health concern.
Radical surgery, currently the only option for cure, is feasible in only a fraction of patients since the vast
majority present to the clinician in advanced stages of the disease. Fortunately, the past two decades have
not only seen tremendous refinements in surgical technique, liver transplantation with improved short and
long term outcomes, and better molecular understanding has progressed enormously. Simultaneously,
medical and radiation oncology has witnessed excellent progress that has clearly resulted in a paradigm
shift in the management of liver cancer.

India with a population of 1.2 billion records a low incidence of this cancer but increasing awareness
and urbanization is changing this picture and the prevalence has markedly increased in the past decade.
This cancer requires specialized multi-disciplinary care and should be ideally treated in centers of excellence
for better outcomes. This has been proven worldwide and our nation needs to take steps in the same
direction. On this backdrop, the ICMR Guidelines have the potential to go a long way in improving
standards of care across India.

We take this opportunity to congratulate the ICMR leadership and the various members and
contributors for publishing this excellent resource.

Dr Bhawna Sirohi Prof Shailesh V Shrikhande

Chairperson, Sub-committee on Hepatocellular Cancer Co-chairperson
Director, Medical Oncology Deputy Director

Max Healthcare, New Delhi Tata Memorial Centre, Mumbai




Preface

Cancer is a leading cause of death worldwide. Globally Cancer of various types
effect millions of population and leads to loss of lives. According to the available data
through our comprehensive nationwide registries on cancer incidence, prevalence
and mortality in India among males cancers of lung, mouth, oesophagus and
stomach are leading sites of cancer and among females cancer of breast, cervix are
leading sites. Literature on management and treatment of various cancers in west

is widely available but data in Indian context is sparse. Cancer of gallbladder and

oesophagus followed by cancer of breast marks as leading site in North-Eastern

states. Therefore, cancer research and management practices become one of the
crucial tasks of importance for effective management and clinical care for patient in
any country. Hence, the need to develop a nationwide consensus for clinical management and treatment
for various cancers was felt.

The consensus document is based on review of available evidence about effective management and
treatment of cancers in Indian setting by an expert multidisciplinary team of oncologists whose endless
efforts, comments, reviews and discussions helped in shaping this document to its current form. This
document also represents as first leading step towards development of guidelines for various other cancer
specific sites in future ahead. Development of these guidelines will ensure significant contribution in
successful management and treatment of cancer and best care made available to patients.

[ hope this document would help practicing doctors, clinicians, researchers and patients in complex
decision making process in management of the disease. However, constant revision of the document
forms another crucial task in future. With this, [ would like to acknowledge the valuable contributions of all
members of the Expert Committee in formulating, drafting and finalizing these national comprehensive
guidelines which would bring uniformity in management and treatment of disease across the length and

f s

(Dr. R.S. Dhaliwal)
Head, NCD Division

breadth of our country.
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Categories of Evidence and Consensus

Levels of Evidence

Level 1: High quality randomized controlled trials (RCTs) showing (a) a statistically significant difference
or (b) no statistically significant difference with narrow confidence intervals; systematic reviews of Level
[ RCTs

Level 2: Lesser quality RCTs (e.g. <80% follow-up, no blinding, or improper randomization); prospective
comparative studies; systematic reviews of Level Il studies or of Level I studies with inconsistent results

Level 3: Case control studies; retrospective comparative studies; systematic reviews of Level III studies;
retrospective studies

Level 4: Case series
Level 5: Expert opinions

Grading A to C has been done by the sub-committee. Grade A is to be assigned to a treatment or regimen
that is easy to administer, has the highest level of evidence, and is cost effective as evaluated by the
National Institute for Health and Clinical Excellence or as deemed so by the task force experts on the
particular cancer.

On consideration of peripheral oncology centres, regional cancer centres, and tertiary cancer centres in
major cities, the set of recommendations can be divided into 2 categories:

Desirable/Ideal: Tests and treatments that may not be available at all centres but the centres should aspire
to have them in the near future.

Essential: Bare minimum that should be offered to all patients by all centres treating patients with cancer.
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CHAPTER

1 ALGORITHMS FOR HEPATOCELLULAR CARCINOMA

Management of Hepatocellular carcinoma
Incidentally diagnosed at screening/follow up of chronic liver disease

Right upper Quadrant pain/mass, Jaundice, Nausea, weight loss, symptoms related to metastasis

TriphasicCECT Abdomen and pelvis
Gadolinium enhanced MRI scan abdomen (in cirrhotics and suspected cirrhotic patients)
Liver function tests,CTP score and BCLC staging
Tumor marker: AFP, CA 19-9, CEA
Metastatic workup :Bone scan (symptomatic patients)and CT Scan chest (if HCC suspected)
Whole body PET-CT Scan (if cholangiocarcinoma suspected).
If Surgical management -Measurement of FLR (functional Liver Remnant) for major resections
Functional Asseessment —HVPG/ICG for Borderline FLR
Upper Gl Scopy (Viral marker positive/cirrhotics)
US / CT guided Biopsybefore non-surgical management(optional)
Quantitative assessment of Hepatitis B and C viral load

—

Resectabletumour( adequate
FLR)

No main trunk venous
thrombosis

No extra hepatic disease
Limited co-morbidity

Curative treatment options
Liver Resection if Child score is A
or B /BCLC A- B and mild to
moderate portal hypertension.

Liver transplantation if Child score
is B or C or if moderate to severe
portal hypertension is present.
(fitting LT criteria for HCC)

RFA may be used as a less
curative alternativefor tumors up
to 3 cm in poor risk patients

Larger tumors (Inadequate FLR)
No extra hepatic disease
Limited co-morbidity

Good liver function

(Child A,B)

Transarterial
chemoembolization (TACE) if no
portal venous thrombosis

OR

Transarterial radioembolization
(TARE) if portal  venous
thrombosis present./SBRT

Can reassess for curative
resection (with or without
augmentation of FLR by PVE)
OR

Consider SBRT

Add sorafenib

Extra hepatic disease
Irrespective of PVT,
or no and size of the
tumors and good
liver function (Child A
or some B)

Palliative therapy
with targeted agents
with Sorafenib

+ Can Consider liver
directed therapy for
local control

Poor liver function
(Child C)

- Liver transplant
for small tumors

-Pain management
-Nutritional

support

-Management of
hepatic
dysfunction

Sorafenib 400 mg twice daily is the standard dose. However many Indian patients are unable to tolerate this dose and

hence need dose reduction.

All patients with chronic HBV and HCV infection need prophylactic therapy to control viral replication before and after

interventions

Surveillance

Patients must be followed every 3months with LFT, relevant tumor marker and CECT Scan chest,abdomen and pelvis

Local recurrence with good liver function would necessitate complete work up for potentially curable treatments.
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BCLC Staging for HCC
v ¥ ¥
Stage 0 Stage A-C Stage D
PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B PST >2, Child-Pugh C*
|
| Very early stage (0) I | Early stage (A) | Ilntermediate stage (B)| | Advanced stage (C) | | Terminal stage (D) l
Single <2 cm, Single or 3 nodules <3 cm, Multinodular, Portal invasion,
Carcinoma in situ PS 0 PS 0 N1, M1, PS 1-2
| P
| Single | | 3noduless3em |

l

| Portal pressure/bilirubin |

Increased —»’ Associated diseases ‘

ok

- Liver transplantation f Best supportive
Resection (CLT/LDLT) RF/PEI TACE Sorafenib care
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CHAPTER

2 EXECUTIVE SUMMARY

This consensus document may be used as framework for more focused and planned research programmes
to carry forward the process. The aim of the Indian Council of Medical Research (ICMR) Consensus
document is to assist oncologists in making major clinical decisions encountered while managing their
patients, while realizing the fact that some patients may require treatment strategies other than those
suggested in these guidelines.

e Non-invasive diagnosis can be established by demonstration of the typical HCC radiological hallmark
by one of the imaging technique in nodules > 2 cm, and by two coincidental techniques with nodules
of 1-2 cm in diameter (dynamic CT or dynamic MRI). If a suspicious nodule measuring >1cm fails to
show typical enhancement pattern on both dynamic CT and dynamic MRI, image guided sampling
is indicated. AFP estimation is no longer part of diagnostic algorithm of HCC. A PET scan is not
routinely recommended.

e Various staging systems can be used but should include (1) tumour size, number, and location (2) liver
function (3) performance status of the patient

e The most commonly used is the BCLC staging system which includes patient performance, Child
status, number of nodules, size of nodules, portal vein invasion, and metastasis.

e Patients should receive multidisciplinary care under the care of a surgical, medical, radiation oncologist
and interventional radiologist, if applicable.

e Surgery (resection/transplant) forms the mainstay of definitive treatment. Small tumours (<3 cm)
in patients who are not candidates for surgical resection (Child B & C) can be offered ablative
techniques.

e Patients with advanced HCC should be assessed on an individual basis to determine whether targeted
therapy, interventional radiology procedures like TACE, TARE or best supportive care should be
provided.

e Patients should be offered regular surveillance after completion of curative resection or treatment of
advanced disease.

e Encourage participation in institutional and ethical review board-approved, registered controlled
clinical trials.

e Refer for early palliative care, if indicated.
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CHAPTER

EPIDEMIOLOGY

Hepatocellular carcinoma (HCC) accounts for 90% of cancers of the liver worldwide with a growing
incidence in most countries.! Globally, HCC is the fifth most common cancer (7.5 lac new cases per
year) and is the third leading cause of annual deaths due to cancer (7 lac death per year) after lung and
stomach cancer.! Several large international working groups have drafted consensus guidelines,** which
differ among themselves based on the unique concerns of clinical circumstances and population affected.

The Indian Council of Medical Research (ICMR) consensus document for the management of HCC
provides an evidence-based approach to the diagnosis, staging, and treatment of HCC pertinent to
India. These guidelines aim to maximize healthcare resources, standardize diagnosis methodology, and
strengthen the multidisciplinary approach regarding the treatment of HCC.

Epidemiology in India

There is insufficient nationally representative data, so we must depend on autopsy studies, national
cancer registries, and population based surveillance data to estimate the frequency of HCC in India. Since
cancer is not a reportable disease in India, an increasing number of both rural and urban centers must be
encouraged to document cancer related data to assist in building a reliable national cancer registry.

A large-scale verbal autopsy study in 2010 reported liver cancer to be the fourth leading cause of cancer
related deaths in men (14,000 deaths) with an age standardized mortality rate (AMSR) of 6.8,/100,000
population. In women, liver was the eighth highest cause of cancer related deaths (12,000 deaths) with
an AMSR of 5.1/100,000 population.® (Level 2b, Grade B)

In 2014, the National Cancer Registry Program (NCRP) of the ICMR has expanded to 27 population
based cancer registries (PBCRs) covering 34 geographical areas.® It also includes 8 hospital based cancer
registries (HBCRs). The age adjusted incidence rate (AAIR) of liver cancer in men ranges from 1.2-38
per 100,000 and in women ranges from 0.2 — 2.2 per 100,000. (Level Za, Grade B) In males, the areas
covered by Naharlagun PBCR reported the highest AAIR (38.0 in Papumpare district). The incidence
of liver cancer increased with increasing age, with a median age at presentation of 40-70 years. (Level
Za, Grade B) The International Agency for Research on Cancer (IARC-WHO) also reported similar
incidences. Among HBCRs, AIMSRC-Kochi reports liver cancer as the most frequent site of cancer in
males (11.3%), which is interesting since in most other centers liver cancer does not figure within the 10
most frequently reported cancers. Based on a prospective observation study, the annual incidence rate
of HCC in cirrhotic patients (child A and B) was 1.6%.7 (Level 2b, Grade B) Overall, there has been a
significant increase in the reporting/incidence of liver cancer in India over the last 2 decades.? (Level 1b,

Grade A)
Risk factors

70-90% of HCC has been reported in cirrhotic patients globally, making cirrhosis of any etiology the
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single most important risk factor for developing HCC.?1° Other more common risk factors are chronic
hepatitis B infection, chronic hepatitis C infection, heavy alcohol consumption, male gender, increasing
age, non-alcoholic fatty liver disease (NAFLD) and aflatoxin exposure. Less common risk factors are
obesity, diabetes, hereditary hemochromatosis, alpha-1-antitrypsin deficiency, autoimmune hepatitis,
porphyrias, wilson’s disease, tobacco use, and family history. *'2(Level 1a, Grade A)

Risk factors corroborated in Indian studies are cirrhosis, hepatitis B infection, hepatitis C infection, alcohol
consumption, aflatoxin exposure, smoking, diabetes, NAFLD, and age.'*!” In India, HBV genotype D
was the most commonly implicated genotype for the development of HCC.!® Isolated reports implicating
genetic risk facors are available from Indian researchers. The involvement of CDKN2B, SOCS1, CDH1,
GSTP1, and MYC was shown to alter DNA methylation in the molecular pathogenesis of hepatitis virus-
related HCC. Shorter telemores have also been found in telomerase-positive HCC patients. Variants in
low penetrance genes such as GSTM1 and GSTT1 and mEPHX as well as genetic variations of p53 and
XRCC1 have also been associated with HCC risk.?’ In the near future, HBV genotype variant analysis and
genome-wide association studies may assist in predicting HCC in chronic hepatitis B infected patients.?!

(Level 3b, Grade C)
Prevention

Among cancers as a whole, HCC is particularly amenable to prevention given a detailed understanding
of risk factors. Primary prevention entails reducing exposure to various carcinogenic hepatotoxins.
Secondary prevention aims at managing the chronic necro-inflammatory state of the liver brought about
by the carcinogenic hepatotoxin. Tertiary prevention focuses on preventing recurrence after the successful
initial treatment of HCC.”

The most feasible and cost effective strategy in the Indian scenario appears to be primary prevention.??
The most easily applicable modality is the hepatitis B vaccination, which is strongly recommended in
newborns and health care workers.?223 (Level 1b, Grade A) Precise testing of blood and blood products
for hepatitis B and C prior to administration is also imperative. 2/(Level 1b, Grade A) A healthy lifestyle
in order the prevent obesity and diabetes along with the control of other related metabolic conditions is
beneficial.?* (Level 2b, Grade B)

For secondary prevention, for chronic hepatitis B patients antiviral therapies aimed at maintaining
hepatitis B virus suppression and for chronic hepatitis C patients achieving sustained viral response
should be recommended to all those who are candidates for antiviral therapy.?® (Level 1a, Grade A) These
measures have been shown to successfully prevent progression to cirrhosis and HCC. Patients with a
high viral load in HBV cirrhosis, antiviral therapy assists in preventing HCC development and is therefore

recommended.?>?” (Level 1b, Grade A)
Surveillance

All patients at risk of developing HCC and who are eligible for HCC therapy are candidates for regular
surveillance.?® (Level 1b, Grade A) This will ensure early detection of tumours that are amenable to
treatment. Candidates for surveillance are categorized into those with cirrhosis and those without cirrhosis.
Cirrhotic patients of any etiology with Child A and B cirrhosis or Child C patients on the waiting list for a
liver transplantation are candidates. Noncirrhotic patients with chronic hepatitis B (males >40 years and
females >50 years), chronic HBV infection of any age with family history of HCC, or chronic HCV with
advanced fibrosis are candidates for surveillance.?® (Level 1a, Grade A). The recommended surveillance
test is a six-monthly ultrasound abdomen by an experienced radiologist.?° (Level 1a, Grade A) Serum alfa-
fetoprotein has no role in surveillance. *(Level 1a, Grade A)
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CHAPTER

DIAGNOSIS, INITIAL WORKUP AND STAGING

Diagnostic strategies
Non-invasive lesion characterization

For lesion characterization in the liver it is useful to divide detected nodules as per size into those <lcm,
and larger nodules. Small nodules <1cm cannot be characterized by existing imaging techniques, and are
difficult to target by biopsy. These nodules should be subjected to a 3-6 monthly follow-up using the same
technique, which detected the nodule, for a period of 2 years.?! Note that this recommendation only refers
to nodules detected in cirrhotic livers. Pathology studies show that most small nodules <lcm that are
detected in a cirrhotic liver are not HCCs.*? Evaluation by gadolinium-ethoxybenzyl- diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA)- enhanced MRI scan, or a SonoVue contrast enhanced ultrasound are
alternative strategies. Gd-EOB-DTPA MRI is not available in India.

For nodules >1cm in size, a dynamic (3-phase or 4-phase) CT or MRI is recommended, including late
arterial phase and portal venous phase. The HCC radiological hallmark includes hyper-enhancement
on arterial phase and wash-out on porto-venous (delayed phase). Those nodular lesions, which do
not show this typical enhancement pattern on one of the dynamic scans, should undergo the other
scan (CT or MRI). Contrast-enhanced USG (CE-USG,) is unable to distinguish HCC from intra-hepatic
cholangiocarcinoma.®* Hence the use of CE-EUS has declined for non-invasive diagnosis of HCC.

Non-invasive diagnosis can be established by demonstration of the typical HCC radiological hallmark by
one of the imaging technique in nodules > 2 cm, and by two coincidental techniques with nodules of
1-2 cm in diameter (dynamic CT or dynamic MRI).** Updated AASLD guidelines have proposed that
demonstration of typical imaging features of HCC by either dynamic CT or dynamic MRI may suffice for
diagnosing tumors 1-2 cm in diameter.>® However, non-invasive diagnosis of nodules 1-2cm in diameter
remains difficult. The false positive and false negative results with current imaging modalities for nodules
1-2cm in diameter are substantial, and biopsy confirmation may be required.

PET scan has limited role in diagnosis of HCC. PET scan is not accurate for diagnosis of small HCCs.
Overall, the FDG-PET sensitivity in detecting HCC is lower (50%-70%) than other liver tumors. The tumor
FDG uptake is in uenced by cellular differentiation, with the lowest performance in well-differentiated

HCC.¥
Tissue diagnosis

If a suspicious nodule measuring >1cm fails to show typical enhancement pattern on both dynamic CT
and dynamic MRI, image guided sampling is indicated. Indian guidelines recommend that biopsy samples
should be obtained, and cytology may be inadequate. NCCN guidelines also recommend that biopsy is
‘preferred’. However, cytology with cell-block preparation may be adequate in many cases. Both core-
biopsies and cytology have advantages and disadvantages in this setting. Obtaining cytology samples are
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easier and may be safer than histology cores. Cytology diagnosis of HCC may be difficult in the subsets
of well-differentiated HCC, sclerotic type of tumors, and in hepato-cholangiocarcinomas. In these cases,
a core biopsy may be required for evaluation of tissue architecture. Note that if the patient is a surgical or
transplant candidate, surgical evaluation should be done before any biopsy.

Immunohistochemical markers useful for diagnosing HCC include glypican-3 (GPC-3), glutamine
synthase (GS), and heat shock protein-70 (HSP-70). *¥These are markers of malignancy and are useful
for distinguishing HCC from nodules with high-grade dysplasia (dysplastic nodules).

For distinguishing poorly differentiated HCC from metastatic cancer, staining by liver specific markers is
useful. These include Hep-Par 1, pCEA, arginase, and CD10 antibodies.

Serological markers

When used as a diagnostic test, AFP levels at a value of 20 ng/ml show good sensitivity but low speci city,
whereas at higher cut-offs of 200 ng/ml the sensitivity drops to 22% with high specificity.>* AFP values
greater than 400 ng/mL are more diagnostic, but are observed only in a small percentage of patients with
HCC. AFP can also be elevated in intrahepatic cholangiocarcinoma, and some metastases from colon
cancer. For these reasons AFP estimation is no longer part of diagnostic algorithm of HCC.

Des-gamma-carboxy prothrombin (DCP) - also known as prothrombin induced by Vitamin K absence Il
(PIVKA 1I), lens culinaris agglutinin-reactive AFP (AFP-L3), alpha-fucosidase, and glypican 3 are other
serological tests used for surveillance and diagnosis of HCC. Both DCP and AFP-L3 fractions are
associated with PV invasion and advanced tumor stage. *°

Initial workup

Besides assessing the functional status, co-morbidities, and staging (detailed below), the following workup
should be considered in a patient with HCC:

1. Serology for HBV and HCV (HBsAg, IgG/total-HBc, anti-HBs, anti-HCV).
2. HIV serology.

3. Biochemistry panel, including LFT and AFP.

4

. Assessment of complications of portal hypertension (upper gastrointestinal endoscopy for varices,
abdominal collaterals, hepatic venous pressure gradient/HVPG).

5. Chest CT.
6. Bone scan, if indicated clinically.
7. Assessment of liver function (Child score, MELD score, Indocyanine green clearance test)

If HBsAg is positive, then HbeAg, anti-HBe antibody, and HBV-DNA levels are estimated. If anti-HCV
is positive, then HCV genotype and HCV-RNA levels are estimated.

Staging and treatment allocation

In HCC, co-existence of cancer and cirrhosis complicates prognostic assessment. Three factors should be
considered when planning treatment for HCC:

1. Tumor size, number, and location.
2. Liver function.

3. Performance status of the patient.

Consensus Document for Management of Hepatocellular Carcinoma )



The different staging systems in use for HCC are: TNM, Okuda, Cancer of the Liver Italian Program
(CLIP), Barcelona -Clinic Liver Cancer (BCLC), Chinese University Prognostic Index (CUPI score), and
Japan Integrated Staging (JIS) system. The underlying etiology does not influence prognosis of HCC
beyond the severity of liver disease. The AJCC TNM system does not take into regards the liver functional
status, and has limited usefulness, since most patients with HCC do not undergo surgery.

BCLC staging system includes patient performance, child status, number of nodules, size of nodules,
portal vein invasion, and metastasis. It has been externally validated in different clinical settings. The
BCLC classi cation was first endorsed by the EASL %, and thereafter by the AASLD guidelines for the
management of HCC . In India BCLC staging system is most commonly used for prognostic information
and treatment allocation. BCLC system divides HCC patients into 5 stages (0, A, B, C, and D). Stage 0
is very early, stage A is early, stage B is intermediate, stage C is advanced, and stage D is terminal stage
HCC. [Algorithm 2]
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CHAPTER

FINAL STAGING AND PATHOLOGICAL REPORTING

Pathology report should include essential, reproducible and uniform information that provides correct
diagnosis and allows accurate decision-making by a multidisciplinary team.

The minimum essential data items of a pathology report of hepatocellular carcinoma that facilitate
accurate diagnosis, classification, staging and decision-making for optimal treatment include:

Macroscopic

Type of specimen

Specimen dimensions, (all 3 dimensions)
Tumor number

Tumor size

Presence of satellite lesions (considered multiple tumors for staging)

A A e

Macroscopic involvement of vessels (specify main, left or right portal vein; or main, left or right
hepatic vein)

7. Diameter of vessel involved

8. Capsular surface (including bare area)
9. Presence of adherent tissues/organs
10. Number of lymph nodes submitted
Microscopic

1. Tumor type

Tumor grade

Tumor extension

=W N

Minimum distance to resection margin- hepatic parenchymal, and where appropriate bile duct or
vascular) Microscopic involvement (R1) is generally defined as a clearance of < 1mm

Capsular invasion
Vascular invasion, including confirmation of macroscopic vessel involvement

Perineural invasion

© N o U

Prior therapy related response (in post neoadjuvant therapy resections)
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9. Background pathology-(cirrhosis/severe fibrosis, chronic hepatitis (specify etiology), low-grade or
high-grade dysplastic nodule, steatosis, iron overload, other)

10. Lymph node status (total number and total involved)
Explanatory notes
Relevant surgical anatomy

Surgically, liver is divided into eight segments based on watershed boundaries created by main branches
of hepatic artery and portal vein. Since the boundary of segments is defined by the course of intrahepatic
vessels, segmental divisions cannot be assigned from surface landmarks. The surgeon should provide this
information.

Types of specimen

Wedge resection (non-anatomic)

Right hepatectomy

Left hepatectomy

Right extended hepatectomy (right trisectionectomy)
Left extended hepatectomy (left trisectionectomy)

Total hepatectomy

N o Ok W N

Other (specify):
Tumor multifocality

Frequent occurrence of multiple tumor nodules is a characteristic feature of HCC. This is either reflective
of intra-hepatic metastasis or synchronous independent primaries. Presence of solitary or multiple
tumor nodules should be noted and dimensions of each must be recorded. Satellite nodules, defined
as microscopic nodules of HCC separated by a non-tumoral hepatic parenchyma, have been shown to
be prognostically important following liver resection and liver transplantation for HCC *? .For staging
purposes, multifocal tumor nodules or smaller satellite tumor nodules are regarded as multiple tumors*®.

Histologic types of HCC

Typical histologic features of HCC are: wide cell plates (>3 cells thick), pseudoacinar pattern, small cell
change, cytologic atypia, mitotic activity, vascular invasion, reticulin loss and invasion of the adjacent
stroma.

Histologic variants of HCC are as follows:
Fibrolamellar carcinoma

Clear cell HCC

Schirrous HCC

Sarcomatous HCC
Lymphoepithelial-like HCC
Steatohepatic HCC

A A e
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Fibrolamellar type is seen in young non-cirrhotic patients and is associated with better prognosis than
classical HCC %*. Only carcinomas showing exclusive fibrolamellar features should be classified as
fibrolamellar carcinoma as opposed to hybrid tumors with areas of both fibrolamellar carcinoma and
typical hepatocellular carcinoma. Sarcomatous and schirrous types are associated with worse survival.

Tumor grade

The grading system of Edmondson and Steiner %° is recommended for hepatocellular carcinomas by the
AJCC Cancer Staging Manual, 7th edition [2] (Table 1).

Table 1: Edmondson and Steiner grading system for hepatocellular carcinoma [2]

Grade Features

Grade I Reserved for hepatocellular carcinomas where the difference between the tumor cells and hyperplastic
liver cells is so minor that a diagnosis of carcinoma rests upon the demonstration of more aggressive
growths in other parts of the neoplasm.

Grade Il Cells show marked resemblance to normal hepatic cells. Nuclei are larger and more hyperchromatic than
in normal cells. Cytoplasm is abundant and acidophilic. Cell borders are sharp and clear cut. Acini are
frequent and variable in size. Lumina are often filled with bile or protein precipitate.

Grade I1I Nuclei are larger and more hyperchromatic than in grade II cells. The nuclei occupy a relatively greater
proportion of the cell (high nuclear to cytoplasmic [N:C] ratio). Cytoplasm is granular and acidophilic, but
less so than grade I tumors. Acini are less frequent and not as often filled with bile or protein precipitate.
More single-cell growth in vascular channels is seen than in grade 1l

Grade IV Nuclei are intensely hyperchromatic. Nuclei occupy a high percentage of the cell. Cytoplasm is variable in
amount, often scanty. Cytoplasm contains fewer granules. The growth pattern is medullary in character,
trabeculae difficult to find, and cell masses seem to lie loosely without cohesion in vascular channels.
Only rare acini are seen. Spindle cell areas have been seen in some tumors. Short plump cell forms,
resembling “small cell” carcinoma of the lung, are seen in some grade IV tumors.

Use of other validated grading systems is not precluded. However, the grading system employed must be
specified in the report. Tumors should be graded according to the least differentiated area 3. Histologic
grade has been shown to have a relationship to tumor size, tumor presentation, and metastatic rate 4.

Vascular invasion

Vascular invasion is an important prognostic factor and is an important component of the pT stage.
Vascular invasion includes both macroscopic and microscopic invasion of vessels. Both are associated
with lower survival post-resection.

Stage pT2 includes any vascular invasion (gross or microscopic involvement) but less than a major vessel
involvement (main left or right or middle branch of the portal or hepatic vein). Major vessel involvement
is classified as stage pT3b. Distinguishing satellite nodules from a completely plugged vessel is often
difficult. Presence of a tumor nodule within a portal tract or at a site corresponding to a portal vein favors
vascular invasion, however is subject to inter-observer variation. Tumors > 5cm or multiple tumors are
more likely to exhibit vascular invasion than solitary smaller tumors. In TNM 7 classification, vascular
invasion is only confirmed if one can clearly identify the lumen and endothelium of a portal vein. Both
presence of satellite nodules and intra-hepatic venous dissemination are classified as multiple tumors, and
are therefore equivalent for staging purposes (i.e. pT2, when no tumor is >5cm).
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Resection margin

Margins evaluation depends on the method and extent of resection. Minimum distance to resection
margin (hepatic, and where appropriate bile duct or vascular) should be measured and sections examined
microscopically. Microscopic involvement (R1) is generally defined as a clearance of < 1mm. When
parenchymal transected margin is large, judicious sampling of the cut surface is needed. If the margin
is grossly positive, one section is adequate for microscopic confirmation. If tumor is near the margin or
grossly free, sections from the areas where tumor is closest should be taken after measuring the minimum
distance. For multiple tumors, the distance from the nearest tumor should be reported.

TNM and Anatomic Stage/Prognostic Groupings

According to the AJCC/UICC TNM staging, the pT stage depends on the maximum tumor size (of the
largest nodule), the number of tumor nodules, and presence or absence of venous invasion. The TNM
classification does not make a distinction between multiple independent primaries and intra-hepatic
metastasis from a single primary HCC. Vascular invasion includes both microscopic and microscopic
involvement of vessels. Portal vein invasion is an important adverse prognostic factor and should be
reported.

Table 2: pT staging (AJCC/UICC) of hepatocellular carcinoma

Primary Tumor (T)
Tx Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Solitary tumor without vascular invasion
T2 Solitary tumor with vascular invasion; or multiple tumors, none more than 5 cm in greatest dimension
T3 Multiple tumors more than 5 cm in greatest dimension or tumor involving a major branch of the portal or hepatic
veins(s)
T3a | Multiple tumors more than 5 cm
T3b | Tumor(s) any size involving a major branch of the portal or hepatic vein(s)
T4 Tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum
Regional Lymph Nodes (N)

Histologic examination of a regional lymphadenectomy specimen usually involves examination of 3 or more
lymph nodes. The regional lymph nodes of the hepatic region include the hilar, hepatoduodenal ligament,
inferior phrenic, and caval lymph nodes. Metastasis to lymph nodes distal to the hilar, hepatoduodenal
ligament, and caval lymph nodes are considered as indicative of distant metastasis (pM1).

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Regional lymph node metastasis
Preoperative ablative therapy

Specimens removed from patients after pre-operative ablative therapy can show variable effects that
may be visible macroscopically and/or identified on microscopy. To establish complete tumor necrosis,
extensive tumor sampling is necessary; tumors should be sampled entirely through their largest diameter
if the tumor/nodule size is 2 cm. For every additional 1 cm, an additional section should be taken. No
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standardized regression scores are available for post-ablative therapy resections; however an estimate of
the ration of the viable tumor to overall tumor may be helpful to oncologists.

Background liver disease

Presence and severity of underlying chronic liver disease strongly impacts prognosis following resection
of HCC of underlying chronic liver disease. The pathology report should include information about the
background liver. Sampling of peritumoral area should be avoided and sections should be taken from
parenchyma distant from the tumor. The presence of chronic liver disease (hepatitis, haemochromatosis,
alcoholic liver disease and non-alcoholic steatohepatitis etc) as well as the stage of fibrosis and the nature
and intensity of inflammation/hepatocytic damage should be documented.

Cirrhosis or severe fibrosis (Ishak score 5, 6) should be specifically reported as it adversely affects outcome
47 Because of its prognostic importance, stage of fibrosis of underlying chronic liver disease forms a core
data item. The etiology may be unknown to the pathologist, and is hence considered a non-core (optional)
item. The scoring system described by Ishak %® is recommended by the AJCC Cancer Staging Manual,
7th ed [2].

Table 3: Fibrosis score [6]

Degree of Fibrosis Score

None

Fibrous expansion of most portal areas

Fibrous expansion of some portal areas, with or without short fibrous septa

Fibrous expansion of most portal areas with occasional portal-portal bridging

Marked bridging with occasional nodules (incomplete cirrhosis)

Fibrous expansion of portal areas with marked bridging as well as portal-to-central bridging

N || WIN[H|O

Cirrhosis

Dysplastic Nodules

Dysplastic nodules (DN) are generally regarded as important precursors to development of HCC. Nodules
with presence of cytological or architectural dysplasia that is insufficient for a diagnosis of HCC are
considered DN. DNs are further histologically categorized into low-grade (LGDN) and high-grade (HGDN)
dysplastic nodules. Reporting of dysplastic changes in cirrhotic nodules is optional in specimens with
HCC, although it may be helpful in assessing risk for second primary tumors in patients undergoing
partial hepatectomy. Distinguishing HGDN from small HCC (<2 cm) can be challenging. The International
Consensus Group for Hepatocellular Neoplasia has defined nomenclature for small <2cm lesions
(Table 4).
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Table 4: The International Consensus Group for Hepatocellular Neoplasia nomenclature for small < 2 cm
hepatocellular lesions %*-

Dysplastic foci (microscopic lesion)

Cluster of dysplastic hepatocytes, < 1 mm in size and is a microscopic lesion. It may be characterized
by small cell change (SCC) or large cell change (LCC).

Dysplastic nodules (DN) (macroscopic lesions)

DNs are defined grossly as large hepatic nodules that are distinct from the surrounding liver parenchyma
in terms of size, color, texture, or the degree to which they bulge from the cut surface of the liver.
Confirmation that a nodule is in fact a DN comes with histologic examination and the identification
of intact portal structures distributed through the lesion. The number of these portal structures
may be mildly or greatly reduced compared to a similar area of non-diseased hepatic parenchyma.
Histologically, DNs are categorized as follows:

1. Low grade dysplastic nodules (LGDN): a clonal cell population with mild increase in cellularity in
comparison to the surroundings but without architectural atypia; portal structures are identified
within LGDN.

2. High grade dysplastic nodule (HGDN): frank cytological and architectural atypia but insufficient
for diagnosis of hepatocellular carcinoma; portal tracts detectable within HGDN albeit reduced.

Small HCC

1. Early HCC: vaguely nodular lesion with indistinct margins, well differentiated histology, and a few
portal tracts identifiable.

2. Progressed HCC: a distinctly nodular lesion with well to moderately differentiated histology in
which malignancy is easy to recognize; no portal tracts are identified.

Role of immunohistochemistry in diagnosis of hepatocellular carcinoma

[HC may be employed to resolve diagnostic issues encountered on morphology. The two most common
scenarios where distinction of HCC from its mimics requires IHC are:

A. Distinguishing poorly differentiated HCC from HCC from metastatic carcinoma, intra-hepatic
cholangiocarcinoma (IHCC), mixed hepatocellular-cholangiocarcinoma, poorly differentiated
neuroendocrine carcinomas and other rare primary hepatic malignancies.

B. Segregating well differentiated HCC from hepatic adenoma (HA), focal nodular hyperplasia (FNH) and
DN.

A. Poorly differentiated carcinoma

This category includes lesions which are clearly malignant and epithelial; however their cellular
differentiation or origin is not apparent. IHC markers of hepatocellular lineage, i.e. Arginasel (ARG-1),
HepParl, alpha fetoprotein, glypican-3 (GPC3) and albumin (detected by in-situ hybridization), help to
distinguish poorly differentiated HCC from its differential diagnoses in problematic cases. ARG-1 shows
100% sensitivity and 82.6% specificity for the diagnosis of HCC whereas GPC-3 demonstrated 97.7%
sensitivity and 91.3% specificity for the diagnosis of this tumor *°
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Table 5: Immunohistochemistry panels in differential diagnoses of HCC

Problem Diagnosis Primary panel Additional antibodies Remarks
HCC vs MA HCC ARG-1+/ MOC 31- | HepPar 1+/GPC3+ / AE1/E3 and CAM 5.2 not
canalicular pPCEA+/ mCEA- | useful
MA MOC 31+/ ARG-1 | CK7/CK20 (colorectal)/
- CK19/TTF1 (lung) /
GATAS3(breast) /PAX8
(ovary) /PSA (prostate)
HCC vs IHCC HCC ARG-1 +/ MOC HepParl+/GPC3+/ AE1/E3 and CAM 5.2 is
31-/CK19- canalicular pPCEA+/mCEA- | not useful.
Non-peripheral
IHCC MOC31+/CK19+/ | CK7+/ CK20+/HepParl- | cholangiocarcinoma are
ARG-1- CK20+ wheras peripheral
[HCC are CK20-
HCC vs NEC HCC ARG-1+/ HepParl+/ GPC3+/pCEA+ | CD56 not useful
Synaptophysin-/
chromogranin-
NEC Synaptophysin+/ MOC31+
chromogranin+/
Arginase 1-
HCC vs Melanoma | HCC ARG-1+/ HMB45-/ | GPC3+ GPC3 is not useful
Melan A-
Melanoma HepPar 1-/ S100+
HMB45+/Melan A+
HCC vs RCC HCC ARG-1+/PAXS- GPC3+/pCEA+ CD10, RCC antigen not
RCC ARG-1-/PAX8+ | Vimentin+ useful
HCC vs ACC HCC ARG-1+/ Inhibin-/ | GPC3+/pCEA+
Melan A-
ACC ARG-1+/ Inhibin-/ | CK-
Melan A-

Abbreviations: MA- metastatic adenocarcinoma; IHCC-intra-hepatic cholangiocarcinoma; NEC- neuroendocrine carcinoma;
RCC- renal cell carcinoma; ACC- adrenocortical carcinoma; ARG-1-Arginase-1; GPC3- glypican-3; pCEA-polyclonal
carcinoembrvyonic antigen; mCEA- monoclonal carcinoembryonic antigen; CK- cytokeratin.

B. Well differentiated hepatocellular lesions

Distinction of well differentiated HCC from HA, FNH and DNs can be challenging, especially in limited
tissue specimens. Endothelial marker, CD34 and the smooth muscle antigen, (SMA) for muscularized
unpaired arteries can help recognize neovascularization typical of HCC. Stromal invasion into portal
tracts or septae, characteristic of HCC, can be highlighted by the lack of immunoreactivity for CK7,/19
(in contrast to Ck7,/19 positive ductular reaction in DN).

For distinction between benign and malignant Well Differentiated Hepatocellular Lesions, three most
useful markers are: Glypican-3, Glutamine synthetase (GS) and heat shock protein 70 (HSP-70). Positivity
for any two out of three of these markers provides sensitivity of 72% and specificity of 100% for HCC 5.
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Table 6 : Immunohistochemical markers helpful in distinguishing well-differentiated HCC from benign
differential diagnostic entities

Antibody Finding Diagnosis
CK7/19 Absent ductular reaction around HCC
tumor cells of stromal invasion
CDh34 Extensive/diffuse capillarization of | Progressive increase through
hepatic sinusoids LGDN, HGDN, HCC
Glypican-3 (GPC-3) Diffuse strong cytoplasmic HCC (more in less differentiated); <10% HGDN
Heat Shock Protein 70 Nuclear and cytoplasmic HCC (more in less differentiated); <10% HGDN
(HSP-70)
Beta-catenin Nuclear positivity HCC

HA with B-catenin mutations

Glutamine synthetase (GS) Diffuse cytoplasmic granular HCC; more in less differentiated; 14% HGDN

HA with B-catenin mutations

Map-like areas of positivity FNH

Abbreviation: HCC- hepatocellular carcinoma; LGDN-low grade dysplastic nodule; HGDN-high grade dysplastic nodule; HA-
hepatic adenoma; FNH- focal nodular hyperplasia

Steps of grossing
1. State the type of specimen
Identify if there is an adherent tissue (such as diaphragm)

Take dimensions

s W N

Examine the capsular aspect for tumor infiltration or breach. Document if the background liver is
nodular/cirrhotic.

Paint the parenchymal resection margin with ink
Serially slice the specimen at an interval of about 1 cm and keep for fixation for 24-48 hours.
Document the number of nodules and take dimensions of each nodule

Distance between nodules is also measured and documented.

v 0 N o O

Closest distance from the tumor nodule(s) is recorded.
10. Backgound liver texture or macroscopic pathology, if any is also recorded

11. Presence or absence of macroscopic vascular involvement by tumor of main left, right branches of
portal vein or hepatic vein is looked for and documented.

12. Lymph nodes are dissected from the specimen
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Sections

1.

Take a minimum of 4 sections of tumor
a. All tumor nodules should be sampled and examined
b. All macroscopically varied areas should be sampled to better assess tumor differentiation

c. Complete (if small tumor)/extensive sampling should be done in post-ablative resections with
abundant necrosis and no/little residual tumor

Tumour with closest hepatic resection margin (when this is close enough to the tumour to be included
in the block)

Hepatic parenchymal margin (if the tumor is far and cannot be included win the same section)
Tumor with adjacent liver parenchyma (for microscopic vascular invasion)

Liver capsule —from areas where there is a subjacent tumour , or an overlying adherent tissue or
macroscopic capsular invasion.

Any site macroscopically suggestive of vascular or bile duct invasion
Gall bladder bed where there is adjacent intrahepatic tumour.
Background liver (taken as far away as possible from the tumour).

Lymph nodes, along the specimen and those sent separately.

Consensus Document for Management of Hepatocellular Carcinoma )




CHAPTER

MULTIDISCIPLINARY TREATMENT FOR EARLY DISEASE

Multidisciplinary care remains at the core of treating all cancers—such treatment relies upon an effective
multidisciplinary network including surgical, medical, and radiation oncologists; gastroenterologists;
pathologists; radiologists (for interventional and nuclear medicine); nurse specialists, and palliative care
physicians.

All new cases should be discussed at the tumour board or in multidisciplinary team meetings, and the
treatment strategy should be confirmed. In most patients with localised disease, resection will be the
treatment of choice. More commonly, in India, patients present with locally advanced disease (evident
on imaging).

Recommendation:

o (Level 1A)

SURGICAL MANAGEMENT OF HEPATOCELLULAR CARCINOMA (HCC)
Introduction:

Surgical management is the main stay of definitive treatment for HCC. Treatment of HCC essentially
involves treating two pathologies viz. the tumour itself and the underlying liver disorder like cirrhosis. Pre-
operative assessment both in terms of tumour and liver related factors is important and should be targeted
at achieving adequate anatomical and functional liver reserve with clear resection margins. Improvements
in pre-operative assessment, techniques to control intra-operative blood loss and better post-operative
care have contributed to decreased morbidity as well as mortality and established safety of liver resections
even in cirrhotic patients.®? 53

Resection:

Surgical management for HCC is guided by various staging criteria. Currently, Barcelona clinic liver cancer
(BCLC) staging is the most commonly used staging system guiding resections®. This system broadly
divides patients into the following stages:

1. Early (A): single nodule or 3 nodules < 3cm

2. Intermediate (B): Multi-nodular HCC

3. Advanced (C): vascular invasion/ extra —hepatic disease
4

. Terminal (D): End stage liver disease, poor performance status
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According to this system, surgical resection is advocated only in early stage disease. i.e. tumours < 3
cm with preserved liver function ( Child Pugh A) without evidence of portal hypertension. Whereas, in
patients with decompensated liver disease or portal hypertension, transplant is the treatment of choice as
it not only treats the tumor but also the underlying predisposing liver pathology.>*

Though the BCLC staging is widely accepted by the western countries to guide treatment philosophy,
there has been a reluctance on the part of the eastern countries regarding its acceptance. Many surgeons
from the east believe that these criteria are too restrictive and that size and number should not be the only
factors to deem a patient unresectable especially if oncological clearance can be achieved with safety.
Resection remains the only hope of cure for large tumours and hence clinical discretion is warranted in
their treatment. Five year survival rates up to 39 % for large/ multinodular HCC have been shown in
study by Ng et al.>® There is now a definite shift towards moving beyond BCLC criteria for most countries
especially in the east.*®

Issues in Hepatic resection for HCC:

1. Anatomical resection (AR) vs. non-anatomical resection (NAR) Complete oncological clearance ideally
warrants an anatomical resection for negative margins. However, this may not be always possible
either due to location of the tumour or due to the need to preserve as much parenchyma as possible
in cirrhotic patients. Meta- analyses of non randomised trials have shown AR to have better survival
outcomes than NAR *7 %8, Hence, an attempt to perform AR must always be made. Newer imaging
technologies like 3-D reconstruction and virtual hepatectomies, which better delineate segmental
anatomy may make AR feasible even in patients with poor hepatic reserve.

2. Role of Laparoscopic resection: The First International Position statement on Laparoscopic Liver
Surgery, 2008 Louisville, defined acceptable indications for laparoscopic liver resection (LLR) as
solitary lesions < 5 ¢cm, segment Il to VI and considered laparoscopic left lateral sectionectomy as
standard practice®®. Six years later, the second international consensus conference 2014, held at
Marioka, Japan defined minor LLR as the one in which two or fewer segments are removed. Minor
LLR was confirmed to be standard practice as per the recommendations of this conference. However,
major LLR was considered an innovative procedure still in its learning phase®’.

3. Role of ablative procedures: Radiofrequency ablation (RFA) / Percutaneous ethanol injection (PEI):
Small tumours (<3 cm) in patients who are not candidates for surgical resection (Child B & C) can
be offered ablation either by thermal (RFA) or chemical (PEI) methods either as a definitive treatment
modality or as a bridging therapy prior to liver transplantation. The role of ablation as compared
to resection has been addressed in few randomised trial and several non randomised studies®? 3.
Meta-analysis of these studies showed that RFA was as effective as surgical resection with fewer
complications albeit with a higher recurrence rate®. The difference in survival was more pronounced
after 5 years and in larger tumors. The superiority of RFA over PEI has been shown in several studies
and PEI is currently recommended only when facilities for thermal ablation are not available®>®” The
role of other ablative procedures viz; microwave ablation, cryoablation, irreversible electroporation
(IRE) remains investigational.

4. Transplantation Vs Resection: Orthotopic Liver Transplantation (OLT) provides an attractive
treatment option for patients with early stage HCC and decompensated liver disease as it treats
not only the tumour with widest oncological margin but also the underlying liver. The Milan criteria
for liver transplantation in HCC were established by Mazzaferro et al in 1996°. This landmark
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study demonstrated excellent overall and recurrence free survival rates for patients with early stage
HCC who satisfied the criteria viz. solitary tumour < 5 cm, or up to 3 nodules all < 3 cm, without
vascular invasion or extra-hepatic spread. Any patient with deranged liver functions or evidence of
portal hypertension should ideally undergo transplant. On the other hand, resection is best suited
for larger but otherwise operable tumours with no vascular invasion. There has been no randomized
trial comparing the two treatment modalities. Evidence from meta-analysis of retrospective series on
intention to treat basis shows no significant difference in outcomes®. Hence, the choice of treatment
offered is primarily decided by the degree of underlying liver dysfunction in an otherwise resectable
lesion.

LIVER TRANSPLANTATION:

Mazzaferro’s study established the role of liver transplantation for HCC. These criteria were further
extended by the University of California at San Francisco (UCSF) group to include larger tumours up to
or less than 6.5 cm for solitary lesion or up to 3 nodules with the largest lesion < 4.5 cm and cumulative
tumour size up to 8 cm’. However, the main problem in offering liver transplantation is the limited
availability of organ and long waiting list with inherent risk of disease progression leading to drop outs.
To circumvent this problem a number of strategies have been proposed like living donor related transplant
(LDLT), use of bridging therapy and role of salvage transplantation.

1. LDLT has the advantage of practically no waiting list if a suitable donor is available. However, it does
have an inherent risk of morbidity to the donor. Two meta-analyses of deceased donor liver transplant
(DDLT) vs. LDLT have shown no difference in survival outcomes.”? 72

2. In an effort to minimize the drop outs in the waiting period, the use of bridging therapies such as
Transarterial chemoembolisation / RFA have gained popularity. Though helpful in reducing the drop
rate, their effect on long term outcomes remains to be seen.”

3. Another alternative to primary OLT is the policy of salvage transplanatation in which the patient
undergoes surgical resection first and a transplant is offered later for recurrence or deterioration
of liver functions. Though primary transplantation has better long term outcomes than salvage
transplantation it is still a feasible option in centres with resource constraints for transplant.” 7>

LOCOREGIONAL THERAPY FOR HEPATOCELLUAR CARCINOMA:

Various interventional radiological procedures are effective therapeutic options for patients with HCC
and they play important role in the locoregional management of HCC which are not suitable for surgery
or transplant. They are as follows:

Interventional radiological therapies for HCC:
1) Thermal ablation

i) Radiofrequency ablation

ii) Microwave ablation.
2) Chemical ablation:

i) Percutaneous ethanol ablation (PEI)
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3) Trans-arterial therapies
i) Transarterial chemoembolisation (TACE)
a) Conventional lipiodol TACE
b) Drug eluting beads TACE
ii) Transarterial radioembolisation (TARE)
a) Yttrium-90 microspheres
b) Rhenium-188 lipiodol
5) Portal vein embolisation.

The choice of the modality is decided by taking into consideration the performance status of the patient,
functional status of the liver parenchyma, anatomical location and size of the lesion and overall staging of
the disease. A multidisciplinary tumor board evaluation is helpful to ascertain the best treatment option
for the patient .

The percutaneous ablative therapies have role in the very early stage (BCLC ‘O’) & early stage (BCLC A)
HCC, while the trans-arterial therapies are (generally) indicated in the intermediate stage (BCLC B, C)
of HCC.

Ablative Therapy: Radiofrequency ablation is indicated when the lesion in not suitable for resection, the
size of the lesion is upto 3 cm and number of lesions are upto 3 lesions 7> 77. The randomized control
trial performed by Feng K et al has shown equivalent outcome with ablation and surgery in * very early’
BCLC grade 0 patients , in terms of overall survival and disease free survival rates % 7°. RFA is a safe and
effective modality for patients on waiting list for liver transplantation &

The ablative modalities have following advantages:

1. They are minimally invasive, so the recovery is fast and morbidity is less.

2. Ablation can be performed percutaneously under suitable imaging guidance.

3. Ablation can be done as OPD procedure which reduces the hospitalization cost.
4

. Ablation can be complementary to surgery for example in a situation where during hepatic resection
if a small lesion is detected intraoperatively, it can be treated by ablation.

RFA usually causes complete necrosis in 83 % of tumors less than 3 cm in size and upto 88% of tumors
located in non-perivascular liver parenchyma.8!

The 5 year survival of 61 % is shown in patient with solitary HCC in CHILD Pugh class A 82 . In patients
with early HCC with compensated cirrhosis, survival in the range of 43- 64% has been documented in
different studies.®®

The minor complication rate with radiofrequency ablation for inoperable HCC is 5% - 8.9% and major
complication rate is 2.2% to 3.1%.The common complications are hemopeirtoneum, infection and biliary
. 84

injury.

Transarterial Chemoembolization

(TACE) is an endovascular procedure where the chemotherapeutic agent (doxorubicin, Cisplatin,
mitomycin) is injected into the tumoral parenchyma through the arteries supplying the lesion.
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This is a minimally invasive modality of treatment which has shown definitive survival benefits especially
in patients who can be categorized as intermediate BCLC B patients.?> 8 TACE provides statistically
significant survival benefit as shown by Llovet et al (10) and Lo et al(11) in randomized control trial with
1 to 2 year survival of 82% and 63% for TACE versus 63% and 27% for supportive group respectively .

It is usually offered as palliative treatment; however it also has a role as a bridge to transplant in the
patients who are in the waiting list for transplant 87

For unresectable HCC systematic review of randomized trials have shown that patients undergoing TACE
have got improved 2 year survival benefit as compared to control group®.

The meta analysis of the five randomized controlled trial has also shown reduction of the two year
mortality in patients treated with TACE.®°

Ablation can be combined with TACE when the size is between 3 to 5 cm, so that the patient gets
advantage of both modalities of treatment . Various studies have shown better disease control and
survival benefit with combined treatment as compared to single treatment modality 1.

The complications that can happen after TACE are liver failure (5-10%), liver abscess (30%) and non-
target embolization (<10%) and post-embolisation-syndrome. However the complications can be avoided
if adequate risks mitigation measures are undertaken.

Transarterial radio-embolization (TARE)

Radioembolisation is the loco-regional therapy where the tumoricidal dose of radioactive isotope like
yttrium *° microspheres are injected by the Trans arterial route into the tumor vascularity. The yttrium %
which is a beta emitter has a half life of 64.1 hours. They cause irradiation of the tumor from within
and so also called as ‘Selective Intrarterial Brachytherapy  (SIRT).

TARE in indicated in patients who are not upfront resectable as
1. For palliation of the unresectable tumor.

2. As a bridge to definitive treatment like transplant.

3. In patients with portal vein thrombosis.

The microspheres being small in size can even penetrate the vascularity of the tumor thrombus, which
helps to recanalise or to cause necrosis of the tumor thrombus.

The microspheres are made up of glass or resin with Y*° embedded into the micropsheres. The procedure
is contraindicated in case of severe liver dysfunction (Sr bilirubin >3mg %), angio architecture not suitable
to prevent non target embolization or if the hepato pulmonary shunt fraction is more than 20 %.

TARE has shown response rate between 35-47%. 9293,

Median survival between 5 to 24 months according to the stage of the disease, have been shown in the
literature 94%°

It is a safe and effective modality for patients of HCC with portal vein invasion where it has shown to offer
median survival between 8-14 months %

TARE is a quite safe procedure with one of the most common complication being fatigue .Infection,
ulceration or radiation cholecystitis are known complications of the procedure however they are not very
common and usually managed conservatively.®”-%
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Percutaneous ethanol injection (PEI)

PEl is a method of chemical ablation of the tumor performed by directly puncturing the tumor
percutaneously and injecting ethanol into the tumor parenchyma. It is quite effective in small tumors and
most important is that it is a very cost effective modality of treatment for small HCC %°.

However after the advances in ablative therapies PEl is less commonly practiced than before. Randomized
control trials have shown that RFA offers a better local control of the tumor as well as survival benefit
as compared to PEI 1. The major limitation of this technique is a high recurrence rate, which may reach
33% in lesions smaller than 3 cm and 43% in lesions exceeding 3 cm. 1%

Portal vein embolization (PVE)

PVE is a technique where percutaneously the portal vein on the side of liver which is planned to be
resected is embolised, so that opposite lobe of liver gets hypertrophied.

This procedure is offered in patients where the Future Liver Remnant (FLR) to Total Estimated Liver
Volume (TELV) ratio is less than 25 % for non-cirrhotic patients and less than 40% for cirrhotic patients,
who are otherwise the potential candidates for hepatic resection 12193,

Usually hypertrophy of the opposite lobe is at peak by 2 weeks and occurs upto 4 weeks. Recent meta
analysis has shown 11.9 % increase in FLR after PVE with only 2.2% major complications 1.

This is a useful procedure in patients with inadequate FLR which has shown to reduce the post op
complications and reduce the hospital stay as well.
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CHAPTER

MULTIDISCIPLINARY TREATMENT FOR ADVANCED
DISEASE

General approach:

Unfortunately, most patients will present with advanced disease not amenable to resection. In these
cases, curative treatment is not possible, but many patients will benefit in terms of both quality of life
and survival from the use of systemic treatment, interventional procedures like TACE, TARE, rarely
chemotherapy and supportive measures.

External Beam Radiation Therapy (EBRT) for Hepatocellular carcinoma (HCC)

Historically, the role of radiotherapy for HCC has been limited by the radio-sensitivity and low tolerance
of the liver to radiation. Furthermore, underlying liver morbidity made EBRT difficult. EBRT was limited
to the palliation of bone 19:1%  soft tissue 17 and lymph nodes %1% metastases from HCC. EBRT can
be used to control pain in patients with bone metastases [II, B].

However, recent technological advancements, including computed tomography based radiotherapy
planning and delivery, respiratory-motion management and image-guided radiation therapy (IGRT), have
allowed for more precise and targeted delivery of radiation to the liver. These have made conformal liver
irradiation feasible for treating focal HCC. Several phase II studies have shown benefit of radiotherapy
in local control and OS for patients with locally advanced HCC unsuitable for standard loco-regional
therapies 119111, Three-dimensional conformal radiotherapy (3D-CRT), IMRT and SBRT make high-dose
radiation to HCC possible with sparing of the surrounding non-tumour liver parenchyma [III, C].

Different roles of external beam radiotherapy, described in the literature:

1. Definitive treatment in patients where locally advanced HCC unsuitable for standard loco-regional
therapies.

2. Feasible in patients with portal vein thrombosis (PVT), who have been shown to respond to RT in
about 45% of the cases 12,113,

3. Possible in patients unsuitable for TACE owing to severe tumour-induced arteriovenous shunts; in a
study 20% of these patients were able to undergo TACE successfully after radiation therapy-induced
vascular occlusion 4.

4. EBRT combined with TACE as definitive therapy: A meta-analysis of 5 randomized and 12 non-
randomized trials reports that the use of TACE in combination with EBRT improves the 3-year
survival rate by 10%-28% compared to TACE monotherapy 1°.

5. EBRT combined with TACE as local neo-adjuvant therapy: Reported as a local neo-adjuvant treatment
for larger HCCs with the aim of improving resectability and enabling safe surgery post-RT, resulting
in an effective response to neo-adjuvant radiotherapy 1.

6. EBRT can be considered a bridging treatment for patients awaiting liver transplantation 117:118,
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Reported toxicity include gastric or duodenal ulcer or perforation 1% 120, Target volume should be about
2cm away from the bowels 2!, The non-tumoural liver is the main dose-limiting organ, and the radiation
induced liver disease (RILD) is the most feared toxicity. Dose constraints for Liver SBRT are:

The liver volume receiving 30 Gy (ie,V30) must be limited to 60% of the total liver volume 3D-CRT

planning-based dose-volume (DVH) analysis 122
For SBRT consisting of 10 fractions, the normal liver volume receiving <15 Gy must be 700 mL (12%)
and the dose to the normal liver volume excluding the tumor must be limited to 28 Gy (corrected to

2 Gy per fraction-equivalent dose) 124

Used in SBRT studies for 3-fraction regimes 12°:
O 17.1 Gy (700 cm®) (RTOG 1021).

Q 15 Gy (700 cm®) (VU Group, Amsterdam).

Radiation-induced Liver Disease (RILD) is defined as a clinical syndrome of anicteric hepatomegaly, ascites
and elevated liver enzymes (particularly serum alkaline phosphatase) occurring from 2 weeks to 4 months
after radiotherapy 2. Notable aspects of RILD are:

Patients with (HCC) usually have underlying cirrhosis, increasing the risk of RILD.

Incidence of (RILD) is generally low in clinical trials and retrospective studies 147128,

The sparing of normal liver parenchyma is possible using highly conformal isodose distribution of
SBRT.

With radiation dosing using risk-adapted approach in Child-Pugh class A, no RILD was seen 12,

In another dose-escalation trial, no patient with Child-Pugh class A developed RILD. Two patients
with Child-Pugh class B developed RILD when dose was escalated from 36Gy to 42Gy in 3 fractions.
The dose was eventually changed to 40Gy in 5 fractions, with 1 additional case of RILD '#.

A Child-Pugh score 8 was identified as the strongest predictor of RILD 118 129,

Poor liver function with a Child-Pugh B or C score, prior TACE, portal vein thrombosis, and hepatitis
B carrier status are known to be associated with a higher risk of RILD 130131,

To manage the risk of RILD, radiation dose modification is recommended according to the liver
function, the relative size of the tumour to the whole liver, and the normal liver dose. More advanced
techniques for radiotherapy in order to spare more normal tissue and reduce the normal liver dose
is also recommended 3! 132, Therefore, more advanced RT techniques (such as IMRT and SBRT)
are often warranted to improve the clinical outcomes in terms of tumour control and normal tissue
toxicity.

The Korean Practice Guidelines for the Management of Hepatocellular Carcinoma summarize the
recommendations for RT as follows 123

1.

RT can be performed in HCC patients if liver functions indicate Child-Pugh class A or B and the
irradiated total liver volume receiving 30 Gy is 60% (evidence level B1);

. RT can be considered for HCC patients ineligible for surgical resection, liver transplantation, RFA,

percutaneous ethanol injection, or TACE (evidence level C1);

RT can be considered for HCC patients who show incomplete response to TACE when the dose-
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volume criteria in Recommendation 1 are met (evidence level B2);

4. RT can be considered for HCC patients with portal vein invasion when the dose-volume criteria in
Recommendation 1 are met (evidence level C1); and

5. RT is performed to alleviate symptoms caused by primary HCC or its metastases (evidence level B1).
The different modalities of EBRT are as follows:

1. Three-dimensional conformal radiotherapy (3D-CRT).

2. Intensity modulated radiation therapy (IMRT).

3. Stereotactic body radiotherapy (SBRT).

Three-dimensional conformal radiotherapy (3D-CRT)

3D-CRT makes high-dose radiation to HCC possible by using multiple coplanar or non-coplanar fields
in order to reduce the high-dose exposure of normal tissues including the liver and bowels and to
increase the tumour dose coverage. With the use of (CT) images for RT planning and a computerized
treatment planning system, the tumour and surrounding normal liver can be delineated accurately, beam
arrangements and dosimetry calculations are reliable; the delivered dose and irradiated volume of the
tumour and normal liver can be precisely evaluated using dose volume histograms (DVH).

In a French phase 2 trial conducted in 27 patients (16 patients with Child-Pugh class A or 11 with
Child-Pugh class B liver function) with a single tumour sized 5 cm or 2 tumours sized 3 cm after 66 Gy
of 3D-CRT delivered in 33 fractions. A 92% response rate (80% complete response and 12% partial
response) was achieved **. A large multicenter retrospective study conducted in 398 HCC patients
showed that a biologic effective dose of 53.1 Gy,, was associated with an improved 2-year overall
survival 1*°. Seong et al, treated 158 unresectable HCC patients with a dose of 25.2-60 Gy (1.8 Gy per
fraction). Local RT was combined with TACE as primary treatment (107 patients) or as salvage after
failure of repeated TACE (51 patients). In this study, the RT dose was identified by multivariate analysis
as the only significant factor for survival. The median survival times in patients who received < 40 Gy,
40-50 Gy, and > 50 Gy were 6, 8, and 13 months, respectively 3°.

Other studies also showed that a total RT dose of > 40-50 Gy achieved higher response or survival rates
137180 The reported overall response rates and median survival after EBRT are 40%-90% and 10-25
months, respectively 4!,

TACE alone cannot always achieve complete tumour necrosis (range 40%-100%) and remaining viable
tumours increase the possibility of recurrence *2. Besides, TACE is relatively contraindicated for patients
with main portal vein thrombosis. To overcome these limitations, the combination of TACE with EBRT
is used with the rationale that radiotherapy can either eradicate residual hepatic tumour after TACE or
increase the effectiveness of TACE by eradicating portal vein thrombi 143, Various studies have reported
EBRT with TACE, and the literature supports the feasibility and efficacy of this combined approach for

HCC patients with or without portal vein thrombosis 115,132 144147,

Recommendation: Aim for a dose of 50Gy or above, keeping the liver dose within constraints.
Intensity modulated radiation therapy (IMRT)

In HCC patients previously diagnosed with RILD after 3D-CRT, dosimetric studies comparing IMRT to
3D-CRT have suggested that IMRT enables dose escalation without the risk of increased liver toxicity
and potentially reduced the normal tissue complication probability 3 148 Some studies reported that
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the mean liver dose was higher for fixed-angle IMRT or VMAT plan compared to 3D-CRT 3! 149 these
results could be caused by suboptimal IMRT beam configuration *°. Comparison of dose-volumetric
parameters of VMAT vs fixed-angle IMRT differed according to the target location within the liver; central
tumours showed higher mean liver dose and lower liver volume receiving 30 Gy for VMAT than for IMRT
151 With fixed-angle coplanar IMRT, using fields entering the body near the tumour is possibly better at
reducing the normal liver dose compared to the equidistant beam array °2. Numerous clinical series have
been reported with doses to the tumour ranging from 45Gy to 66Gy *3157 highlighting the potential
of dose escalation for HCC without an increased risk of RILD, which signals the potential for improved
survival and quality of life in patients with HCC. However, because there is no standard technique for
IMRT delivery and because the IMRT plan is not always better than the 3D-CRT plan, it is important to
evaluate the DVH data carefully and individualize the treatment plan for every patient 1°.

Recommendation: Aim for a dose of 50Gy or over, keeping the liver dose within constraints.
Stereotactic body radiotherapy (SBRT)

SBRT delivers a high dose of radiation to the target in a few fractions (typically 1-5 fractions) with a high
degree of precision. As a single modality, or combined with TACE, SBRT is emerging as a preferred
option in patients with localized HCC who may not fit criteria for the more established curative treatments
(Surgery, transplantation, TARE or TACE) 133158, The philosophy and biological effects of this treatment
are very different from conventionally fractionated treatments.

SBRT has been used for the treatment of a few, small HCCs (< 5-6 cm) in patients with Child-Pugh class
A or B disease 110:118.129.159163 [ cal control rates at 2-3 years were 84%-100%, excluding two studies in
which a relatively low dose was used '*° or large tumours were treated 11,

Wahl et al, *° in a recent retrospective comparison of SBRT and RFA in (predominantly) early-stage HCC
(median, 2.2 cm; range, 0 to 10 cm) found no significant difference between SBRT and RFA with similar
local control overall and survival. One-year freedom from liver progression of SBRT compared with RFA
was 95% v 84% (P = .005), and 2-year freedom from liver progression and 2-year overall survival rates
were 83% v79% (P=.69) and 45% v 55% (P= .26), respectively. Local control with RFA was significantly
lower compared with SBRT for tumours larger than 2 cm (hazard ratio, 3.43; 95% CI, 1.03 to 11.41; P=
.045). SBRT was well tolerated with an excellent side-effect profile. Increase in tumour size was a predictor
of local progression in patients who underwent RFA, but not in patients who underwent SBRT.

Despite the growing evidence of a potential curative role of 3D-CRT and SBRT in the multidisciplinary
approach of HCC, 2% %0 radiotherapy often remains a palliative option in the many international
guidelines 4. Moreover, this study confirms that SBRT can be safe and efficient in the management of
HCC, despite a relatively short follow-up 0.

SBRT alone (or after TACE) has been used as a curative treatment in the management of early-stage
HCC disease in single institutional studies from Japan 62 159,161 " with 3-year survival rates of
54% and 70%, respectively. The response to SBRT can be delayed, and continuous HCC shrinkage and
gradual loss of arterial enhancement can be seen over months, and sometimes years, post SBRT. HCC
lesions up to 10 cm are potential targets for SBRT, and SBRT may even control tumours greater than
10 cm, although this is more technically challenging and has a higher risk of side effects. Radiotherapy is
not yet an accepted standard of care in most international HCC treatment guidelines !**. Although there
are no phase Ill data as yet to support SBRT, it is an accepted treatment option for early-stage HCC at
multidisciplinary HCC management

and Korea
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Technological considerations and requirements for Liver SBRT

A unique set of technological considerations are associated with targeting liver lesions with narrow
margins. Particular issues of concern are:

e Large intra-fraction excursions: As the liver is a sub-diaphragmatic organ the intra-fraction position of
liver and therefore HCC can be affected by respiratory motion, which must be characterized during
treatment simulation 16 10 Respiratory-correlated computed tomography (retrospective 4DCT)
should be obtained for all patients, to obtain the internal target volume (ITV) and to consider gating
for larger excursions.

e Organ deformation and changing anatomy and poor visibility of liver lesions: The position of liver
tumours with respect to bony anatomy can change between fractions 1%. The liver tumours also
exhibit low contrast relative to surrounding liver parenchyma. Therefore, daily localization of soft
tissue in or near the target volume, using an online (IGRT) option (volumetric kilovoltage imaging
and/or implanted fiducials) is important 166 167,

Apart from the standard linear accelerators and Helical Tomotherapy (Accuray, Inc., Sunnyvale, CA,
United States), specialized machines for SBRT include the CyberKnife system (Accuray, Inc., Sunnyvale,
CA, United States) and the VERO system (BrainlLab AG, Feldkirchen, Germany).

Recommendation: fixed doses are employed for smaller tumours with a median diameter of approximately
3 cm, e.g., 36 Gy/3 fractions or 40 Gy/5 fractions !2'. In contrast, modified doses were employed for
larger targets according to normal liver tolerance based on tumour size and normal liver volume, in a
clinical trial. The SBRT dose range was 24 to 54 Gy in six fractions 11,

Medical treatment of hepatocellular cancer (HCC):

Systemic therapy includes chemotherapy and targeted therapy. Systemic treatment for advanced and un-
resectable patients who are not suitable for liver directed therapy are discussed here.

Though systemic chemotherapy has been used and tried in advanced HCC encouraging results were not
found. Despite observation of objective response rates median survival is not more than 12 months. The
plausible reasons for this may be presence of higher rate of expression of several drug resistance genes
like, p-glycoprotein(pgp), glutathione-S-transferase, heat shock proteins (HSP), and mutations in p53
genes. Important cause of mortality is deteriorating liver functions. In three phase III studies doxorubicin
was compared with other agents including VP-16, 5-FU and combinations. Though response rates were
higher but survival was not different. 168170

Combination chemotherapy also has been tried. In two phase II reports from India gemcitabine based
combinations were evaluated. Parikh et al reported 20% partial response rates and median overall survival
of 21 weeks using combination of gemcitabine and cisplatin. }”! In another study, Pande et al reported a
partial response rate of 25% and median overall survival of 7.5 months. 1”2 Combination of gemcitabine
and oxalipaltin also has been tried with limited success. 17> However, in the absence of trials showing
distinct benefit, the use of systemic chemotherapy in management of HCC is not recommended outside
of clinical trials. 17* Systemic chemotherapy may be an option for patients who progress on sorafenib and
are in good physical health.

Number of monoclonal antibodies and small molecules have been evaluated and are being evaluated in
clinical trials. The only drugs with proven survival benefit is Sorafenib and Regorafenib in first and second
line therapy respectively.
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In the pivotal study of sorafenib, SHARP trial, inoperable HCC and Child Pugh (CP) A cirrhotic patients
were randomly assigned to sorafenib (400 mg twice daily) or placebo. 602 patients were randomized
and overall survival, the primary endpoint, was significantly longer in the sorafenib-treated patients
(10.7 versus 7.9 months), so was the time to radiologic progression (5.5 versus 2.8 months). Though
objective response rates were low (7 partial responses [2% only]). 17> Treatment was tolerated well with
manageable side effects. Grade 3 or 4 diarrhea (8 versus 2 percent) and hand-foot skin reaction (8 versus
<1 percent) occurred significantly more often in the treated group were. Based on this study sorafenib
was approved as first line monotherapy in advanced HCC and became standard of care. As per personal
communications, many Indian physicians feel that Indian patients mostly do not tolerate dose of 400
mg twice a day very well and they start with 200 mg BID and gradually increase the dose. To best of
knowledge any pharmacokinetic and pharmacodynamic in Indian subjects is not reported. A second
study was conducted in Asian patients (non-Indians). Here, total 226 patients with CP A cirrhosis and no
prior systemic therapy for HCC received sorafenib 400 mg twice daily or placebo. Median overall survival
(6.5 Vs4.2 months) and TTP (2.8 Vs 1.4 months) were significantly better in sorafenib arm. 17¢ However,
these results were inferior to European study. Reportedly patients in Asian study were sicker at the start
of therapy than those in the SHARP trial.

Recently, regorafenib has been found to be superior to placebo in a double blind phase Il randomized
trial in sorafenib failures.! 1’7 In this study 573 were randomized in a 2:1 ratio to regorafenib and placebo.
Regorafenib improved overall survival with a hazard ratio of 0 63 (95% CI 0 50-0 79; one-sided
p<0.0001). Median survival was 10 6 months (95% CI 9 1-12 1) for regorafenib versus 7 8 months
(6 3-8 8) for placebo. Understanding that this is second line therapy after sorafenib failure, these results
are impressive. Whether Indian patients will be able to tolerate recommended dose of 160 mg 3 weeks
on and 1 week off is to be seen.

The Indian National Association for Study of the Liver (INASL) has brought out a consensus statement
in 2014. 17* This consensus statement advocates that, Sorafenib is indicated in patients of HCC , and
that there is no evidence that combination Sorafenib with other cytotoxic agents or targeted agents or
hormonal therapy is superior to Sorafenib alone. The data on levatinib and nivolumab looks promising.
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CHAPTER

SUPPORTIVE CARE

Supportive care involves providing support at all stages of a person’s experience with cancer. The
primary aim of treatment is to bring about symptomatic benefit and improvement in the quality of life of
patients with incurable malignancies and support patients while receiving chemotherapy.

Treatment of Hepatitis B , C

HCC is often diagnosed at advanced stages and prognosis is generally poor. 178 This extremely guarded
prognosis is frequently coupled with occurrence of severe symptom like pain, fatigue, anorexia, and
ascites.!! These symptoms impair quality of life as well as functional, psychological, and emotional status.

About a quarter of newly diagnosed patients of HCC and about 25-50% of progressive HCC patients
after initial management will develop some of these symptoms requiring supportive and terminal care. 17

The terminally sick patients are those who presents with Barcelona Clinic Liver cancer (BCLC) stage D,
or presenting with ECOG status IlI-IV or Child -Pugh C but transplant ineligible. They should receive
symptoms care and palliative care. The median life expectancy of such patients is 3-4 months. ’The aim
of such treatment should include, management of pain, nutrition, psycho-social support, and management
of ascites, bleeding etc.

Pain management: Pain is a common cause of morbidity. A numeric pain scale should be used to assess
pain and, knowing its often transient in nature needs to be reassessed frequently.

NSAIDs (including aspirin) should generally be avoided in patients with advanced chronic liver disease
or cirrhosis as they may increase risk of bleeding and impair renal functions. Opioid analgesia should be
used for pain management in terminal stage HCC. Number of opiods like morphine, hydromorphone,
levorphanol,methadone, buprenorphine, fentanyl, and transdermal fentanyl can be safely used in patients
with cirrhosis and patients with HCC. #° However, one should keep in mind that there is increased bio-
availability of oral morphine and delayed clearance in presence of hepatic dysfunctions and cirrhosis.
Thus, necessitating dose modification of morphine. Up-to 2 gm of acetaminophen or paracetamol may
be added to opioids. One may use step ladder approach for management of pain as recommended by
WHO. An approach to assessment and management of cancer patient is shown in figure 1. 18!

For patients who develop or present with symptomatic bone metastases, lung metastases or pressure
symptoms because of lymph nodes, appropriate short course palliative radio-therapy should be offered.!8?

Ascites: Ascites is a common symptom in progressive HCC. Progressive ascites causes abdominal wall
discomfort, anorexia, early satiety, nausea and vomiting etc. abdominal paracentesis may be used for
immediate relief. For medical management potassium sparing diuretics in combination with a loop
diuretic is useful. Typically, spironolactone up-to a dose of 100mg/day and frusemide 40 mg/day are
recommended. If facility available, for intractable ascites peritono-venous shunt may be offered.
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Nutrition: Malnutrition is commonly encountered in HCC patients. It may be due to decompensating liver
or malignancy related. However, current data do not recommend routine use of parenteral, enteral, or
oral nutritional supplement. '8 However, in individual cases, dietary counseling, and artificial nutrition
can slow down nutritional deprivation, avoid dehydration and improve the quality of life.}”*

Bleeding: One of common cause of mortality is GI bleed. Transhepatic arterioembolization (TAE) may be
helpful in such situations.!8*

TAE is also effective in controlling bleeding from ruptured HCC in the acute phase.

The Indian National Association for Study of the Liver (INASL) has brought out a consensus statement in
2014.'7* This consensus statement advocates that:

a). patients with BCLC stage D have a poor survival and should be offered palliative and supportive care
including pain, nutritional, and psychological support

b). for pain management opioids analgesics and in appropriate settings palliative radiation should be
used

c). routine use of artificial nutrition is not supported by good evidence

d). TAE may be useful in controlling bleeding from tumour
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CHAPTER

Follow-up schedule after surgery or localised procedure

FOLLOW-UP AND SURVIVORSHIP

Year Time from start of Clinical Elevated tumour marker levels, CT CAP Discharge
chemotherapy (months) examination AFP
0 0 v v v
1 3 v v
6 v v
9 v v
12 v v v
2 18 v v
24 v v v
3 30 v v
36 v v v
4 48 v v
5 60 v v v
Advanced HCC

e Following completion of therapy, review every 3 months (may be extended if the patient is stable)
e Measure the AFP level (whichever is elevated at diagnosis) at each clinic visit

¢ No routine imaging is indicated, unless symptom driven

e Consider CT if signs/symptoms suggest disease progression or increasing tumour marker levels

e Ensure that all patients receive palliative care support if possible (desirable)

e If no further treatment can be offered following evidence of disease progression, the patient should
be discharged from the clinic with adequate psychological/palliative support, if possible.

Consensus Document for Management of Hepatocellular Carcinoma )




CHAPTER
1 0 REFERENCES

1. EASL-EORTC Clinical Practice Guideline. Management of Hepatocellular Carcinoma. J Hepatol.
2012; 56: 908-943.

2. Bruix J, Sherman M. American Association for the Study of Liver Diseases: Management of
hepatocellular carcinoma: an update. Hepatology 2011;53:1020-1022.

3.  Japan Society of Hepatology: Clinical practice guidelines for hepatocellular carcinoma (2013
version). Kanehara, Tokyo, Japan 2013.

4. Omata M, Lesmana L, Tateishi R, Chen PJ, Lin SM, Yoshida H, et al. Asia Pacific Association
for the Study of the Liver Consensus Recommendations on hepatocellular carcinoma. Hepatol Int
2010; 4 :439-474.

5. Dikshit R, Gupta PC, Ramasundarahettige C, Gajalaksmi V, Aleksandrowicz L, Badwe R, et al.
Cancer mortality in India: a nationally representative survey. Lancet. 2012; 379:1807-1816.

6.  National Cancer Registry Program, ICMR http://ncrpindia.org/

7.  Paul SB, Sreenivas V, Gulati MS, Madan K, Gupta AK, Mukhopadhyay S, et al. Incidence of
hepatocellular carcinoma among Indian patients with cirrhosis of liver: an experience from a tertiary
care center in northern India. Indian J Gastroenterol.2007;26:274-278.

8.  Yeole BB. Trends in cancer incidence in esophagus, stomach, colon, rectum and liver in males in
India. Asian Pac J Cancer Prev. 2008;9:97-100.

9.  El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis.
Gastroenterology. 2007;132:2557-2576.

10. Herbst DA ,Reddy KR. Risk factors for hepatocellular carcinoma. Clin Liver Dis. 2012;1:180-182.

11. Nayak NC. Hepatocellular carcinoma—a model of human cancer: clinico-pathological features,
etiology and pathogenesis. Indian J Pathol Microbiol. 2003;46:1-16.

12. Wang P, Kang D, Cao W, Wang Y, Liu Z. Diabetes mellitus and risk of hepatocellular carcinoma: a
systematic review and meta-analysis. Diabetes Metab Res Rev. 2012;28:109-122.

13. Sarin SK, Thakur V, Guptan RC, Saigal S, Malhotra V, Thagarajan SP, et al. Profile of hepatocellular
carcinoma in India: an insight into the possible etiologic associations. J Gastroenterol Hepatol.
2001;16:666-673.

14. Saini N, Bhagat A, Sharma S, Duseja A, Chawla Y. Evaluation of clinical and biochemical parameters

in hepatocellular carcinoma: experience from an Indian center. Clin Chim Acta. 2006;371:183-
186.

Consensus Document for Management of Hepatocellular Carcinoma )




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kumar R, Saraswat MK, Sharma BC, Sakhuja P, Sarin SK. Characteristics of hepatocellular
carcinoma in India: a retrospective analysis of 191 cases. QJM. 2008;101:479-485.

Asim M, Sarma MP, Thayumanavan L, Kar P. Role of aflatoxin B1 as a risk for primary liver cancer
in north Indian population. Clin Biochem. 2011;44:1235-1240.

Kumar A, Acharya S K, Singh SP, Saraswat VA, Arora A, Duseja A, et al (The INASL Task-Force
on Hepatocellular Carcinoma). The Indian National Association for Study of the Liver (INASL)
Consensus on Prevention, Diagnosis and Management of Hepatocellular Carcinoma in India:

The Puri Recommendations. Journal of Clinical and Experimental Hepatology, 2014;4(Suppl 3),
S3-5S26.

Asim M, Sarma MP, Kar P. Etiological and molecular profile of hepatocellular cancer from India. Int

J Cancer. 2013;133:437-445.

Jayshree RS, Sridhar H, Devi GM. Surface, core, and X genes of hepatitis B virus in hepatocellular
carcinoma: an in situ hybridization study. Cancer. 2003;99:63-67.

Saini N, Srinivasan R, Chawla Y, Sharma S, Chakraborti A, Rajwanshi A. Telomerase activity,
telomere length and human telomerase reverse transcriptase expression in hepatocellular carcinoma
is independent of hepatitis virus status. Liver Int. 2009;29:1162-1170.

Bharadwaj M, Roy G, Dutta K, Misbah M, Husain M, Hussain S. Tackling hepatitis B virus-
associated hepatocellular carcinoma - the future is now. Cancer Metastasis Rev. 2013;32:229-268.

Paul SB, Sreenivas V, Gulati MS, Madan K, Gupta AK, Mukhopadhyay S, et al. Economic evaluation
of a surveillance program of hepatocellular carcinoma (HCC) in India. Hepatol Int. 2008;2:231-
236.

Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS, et al. Universal hepatitis B vaccina- tion
in Taiwan and the incidence of hepatocellular carcinoma in children. Taiwan Childhood Hepatoma
Study Group. N Engl J Med. 1997;336:1855-1859.

Lai C-L, Yuen M-F. Prevention of hepatitis B virus-related hepatocellular carcinoma with antiviral
therapy. Hepatology. 2013;57:399-408.

Liaw Y-F, Sung JJY, Chow WC, Farrell G, Lee CZ, Yuen H, et al. Lamivudine for patients with
chronic hepatitis B and advanced liver disease. N Engl J Med. 2004;351:1521-1531.

Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS. A sustained viral response is
associated with reduced liver- related morbidity and mortality in patients with hepatitis C virus. Clin
Gastroenterol Hepatol. 2010;8:280-288.

Singal AK, Singh A, Jaganmohan S, Guturu P, Mumma R, Kuo Y, et al. Antiviral therapy reduces risk
of hepatocellular carcinoma in patients with hepatitis C virus- related cirrhosis. Clin Gastroenterol
Hepatol. 2010;8:192- 199.

De Lope CR, Tremosini S, Forner A, Reig M, Bruix J. Management of HCC. J Hepatol.
2012;56(suppl 1):S75-S87.

Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet. 2012;379:1245-1255.

Consensus Document for Management of Hepatocellular Carcinoma )




30.

31.
32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA, et al. Meta-analysis: surveillance with
ultrasound for early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment Pharmacol

Ther. 2009;30:37-47.
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary. pdf. Accessed 28.12.16

Roskams T. Anatomic pathology impact on prognosis and response to therapy. Clin Liver Dis.
2011;15:245-59.

Rimola J, Forner A, Reig M, et al. Cholangiocarcinoma in cirrhosis: absence of contrast washout in
delayed phases by magnetic resonance imaging avoids misdiagnosis of hepatocellular carcinoma.

Hepatology. 2009;50:791-98.
Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005;42:1208-36.

Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology.
2011;53:1020-2.

Bolondi L, Gaiani S, Celli N, et al. Characterization of small nodules in cirrhosis by assessment of
vascularity: the problem of hypovascular hepatocellular carcinoma. Hepatology. 2005;42:27-34.

Talbot J-N, Fartoux L, Balogova S, et al. Detection of hepatocellular carcinoma with PET/CT: a
prospective comparison of 18F- uorocholine and 18F-FDG in patients with cirrhosis or chronic

liver disease. J Nucl Med. 2010;51:1699-706.

Lagana SM, Salomao M, Bao F, Moreira RK, Lefkowitch JH, Remotti HE. Utility of an
immunohistochemical panel consisting of Glypican-3, heat-shock protein-70, and glutamine

synthetase in the distinction of low-grade hepatocellular carcinoma from hepatocellular adenoma.
Appl Immunohistochem Mol Morphol. 2013;21:173-9.

Trevisani F, D’Intino PE, Morselli-Labate AM, et al. Serum alpha-fetoprotein for diagnosis of
hepatocellular carcinoma in patients with chronic liver disease: in uence of HbsAg and anti-HCV
status. J Hepatol. 2001;34:570-5.

Koike Y, Shiratori Y, Sato S, et al. Des-gamma- carboxy prothrombin as a useful predisposing
factor for the development of portal venous invasion in patients with hepatocellular carcinoma: a
prospective analysis of 227 patients. Cancer. 2001;91:561-9.

Bruix J, Sherman M, Llovet JM, et al. EASL Panel of Experts on HCC. Clinical management
of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference. European
Association for the Study of the Liver. J Hepatol. 2001;35:421-30.

Plessier A, Codes L, Consigny Y, Sommacale D, Dondero F, Cortes A et al. Underestimation of
the influence of satellite nodules as a risk factor for post-transplantation recurrence in patients with
small hepatocellular carcinoma. Liver Transpl 2004;10:S86-90.

Edge SB, Byrd DR, Carducci MA, Compton CC, eds. AJCC Cancer Staging Manual. 7th ed. New
York, NY: Springer; 2009

Stipa F, Yoon SS, Liau KH, et al. Outcome of patients with fibrolamellar hepatocellular carcinoma.

Cancer. Mar 15 2006;106(6):1331-1338
Edmonson HA, Steiner PE. Primary carcinoma of the liver. Cancer. 1954;7:462-503.

Consensus Document for Management of Hepatocellular Carcinoma )




46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lauwers GY, Terris B, Balis UJ, et al. Prognostic histologic indicators of curatively resected
hepatocellular carcinomas: a multi-institutional analysis of 425 patients with definition of a histologic
prognostic index. Am J Surg Pathol. 2002;26:23-34

Bilmoria MM, Lauwers GY, Doherty DA, et al. Underlying liver disease, not tumor factors, predicts
long-term survival after resection of hepatocellular carcinoma. Arch Surg. 2001;136:528-535.

Ishak K, Baptista A, Bianchi L, et al. Histologic grading and staging of chronic hepatitis. J Hepatol.
1995,22:696-699.

Pathologic diagnosis of early hepatocellular carcinoma: a report of the international consensus
group for hepatocellular neoplasia. International Consensus Group for Hepatocellular NeoplasiaThe
International Consensus Group for Hepatocellular Neoplasia. Hepatology. 2009 Feb;49(2):658-64.

Geramizadeh B, Seirfar N. Diagnostic Value of Arginase-1 and Glypican-3 in Differential Diagnosis
of Hepatocellular Carcinoma, Cholangiocarcinoma and Metastatic Carcinoma of Liver. Hepat Mon.

2015 Jul 23;15(7):e30336.

Di Tommaso L, Franchi G, Park YN, Fiamengo B, Destro A, Morenghi E et al. Diagnostic value
of HSP70, glypican 3, and glutamine synthetase in hepatocellular nodules in cirrhosis. Hepatology
2007;45:725-734.

Fan ST, Mau Lo C, Poon RT, Yeung C, Leung Liu C, Yuen WK et al. Continuous improvement of
survival outcomes of resection of hepatocellular carcinoma: a 20-year experience. Ann Surg 2011;

253: 745-758 [PMID: 21475015 DOI: 10.1097/SLA.0b013e3182111195]

Andreou A, Vauthey JN, Cherqui D, Zimmitti G, Ribero D, Truty MJ et al. Improved long-term
survival after major resection for hepatocellular carcinoma: a multicenter analysis based on a new
definition of major hepatectomy. J Gastrointest Surg 2013; 17: 66-77; discussion p.77 [PMID:
22948836 DOI: 10.1007/s11605-012-2005-4]

Llovet JM, Fuster J, Bruix J. The Barcelona approach: diagnosis, staging, and treatment of
hepatocellular carcinoma.; Barcelona-Clinic Liver Cancer Group. Liver Transpl. 2004 Feb;10(2
Suppl 1):S115-20.

Ng KK, Vauthey JN, Pawlik TM, Lauwers GY, Regimbeau JM, Belghiti J et al.Is hepatic resection for
large or multinodular hepatocellular carcinoma justified? Results from a multiinstitutional database.

Ann Surg Oncol 2005; 12: 364-373 [PMID:15915370]

Mattia Garancini, Enrico Pinotti, Stefano Nespoli, Fabrizio Romano, Luca Gianotti, Vittorio
Giardini Hepatic resection beyond barcelona clinic liver cancer indication: When and how World J
Hepatol 2016 April 18; 8(11): 513-519 ISSN 1948-5182 (online)

Chen J, Huang K, Wu J, Zhu H, Shi Y, Wang Y et al. Survival after anatomic resection versus
nonanatomic resection forhepatocellular carcinoma: a meta-analysis. Dig Dis Sci 2011; 56: 1626-

1633 [PMID: 21082347 DOI: 10.1007/s10620-010-1482-0]

Zhou Y, Xu D, Wu L, Li B. Meta-analysis of anatomic resection versus nonanatomic resection for
hepatocellular carcinoma. Langenbecks Arch Surg 2011; 396: 1109-1117 [PMID: 21476060
DOI: 10.1007/s00423-011-0784-9]

Consensus Document for Management of Hepatocellular Carcinoma )




59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Takamoto T, Hashimoto T, Ogata S, Inoue K, Maruyama Y, Miyazaki A et al. Planning of anatomical
liversegmentectomy and subsegmentectomy with 3-dimensional simulation software. Am J Surg

2013; 206: 530-538 [PMID23809675 DOI: 10.1016/j.amjsurg.2013.01.041]

Buell JF, Cherqui D, Geller DA, O’Rourke N, lannitti D, Dagher I. The international position on
laparoscopic liver surgery: The Louisville Statement, 2008. Ann Surg. 2009 Nov;250(5):825-30.

Wakabayashi G, Cherqui D, Geller DA, Buell JF, Kaneko H, Han HS Recommendations for
laparoscopic liver resection: a report from the second international consensus conference held in

Morioka. Ann Surg. 2015 Apr;261(4):619-29. doi: 10.1097/SLA.0000000000001184.

Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J et al. A randomized trial comparing radiofrequency
ablation and surgical resection for HCC conforming to the Milan criteria. Ann Surg 2010; 252:
903-912 [PMID: 21107100 DOI: 10.1097/SLA.0b013e3181efc656]

Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, Kudo M et al. Comparison of resection
and ablation for hepatocellular carcinoma: a cohort study based on a Japanese nationwide survey.
J Hepatol 2013; 58: 724-729 [PMID: 23178708 DOI: 10.1016/j.jhep.2012.11.009]

Wang Y, Luo Q, Li Y, Deng S, Wei S, Li X. Radiofrequency ablation versus hepatic resection for
small hepatocellular carcinomas: a meta-analysis of randomized and nonrandomized controlled

trials. PLoS One 2014; 9: e84484 [PMID: 24404166, DOI: 10.1371 /journal.pone.0084484]

Lencioni RA, Allgaier HP, Cioni D, Olschewski M, Deibert P, Crocetti L et al. Small hepatocellular
carcinoma in cirrhosis: randomized comparison of radio-frequency thermal ablation versus
percutaneous ethanol injection. Radiology 2003; 228: 235-240 [PMID: 12759473 DOI: 10.1148/
radiol.2281020718]

Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Randomised controlled trial comparing percutaneous
radiofrequency thermal ablation, percutaneous ethanol injection, and percutaneous acetic acid
injection to treat hepatocellular carcinoma of 3 cm or less. Gut 2005; 54: 1151-1156 [PMID:
16009687 DOI: 10.1136/gut.2004.045203]

Brunello F, Veltri A, Carucci P, Pagano E, Ciccone G, Moretto P et al. Radiofrequency ablation
versus ethanol injection for early hepatocellular carcinoma:A randomized controlled trial. Scand
J Gastroenterol 2008; 43: 727-735 [PMID: 18569991 DOI: 10.1080,/0036552070 1885481]

Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F et al. Liver transplantation
for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 1996;

334: 693-699 [PMID:8594428 DOI: 10.1056/NEJM199603143341104]

Dhir M, Lyden ER, Smith LM, Are C. Comparison of outcomes of transplantation and resection in
patients with early hepatocellular carcinoma: a meta-analysis. HPB (Oxford) 2012; 14: 635

Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A et al. Liver transplantation for
hepatocellular carcinoma: expansion of the tumor size limits does not adverselyimpact survival.

Hepatology 2001; 33: 1394-1403 [PMID:11391528 DOI: 10.1053/jhep.2001.24563]

71. Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR, McGilvray ID. Living vs. deceased donor
liver transplantation for hepatocellular carcinoma: a systematic review and meta-analysis. Clin
Transplant 2013; 27: 140-147 [PMID: 23157398 DOI: 10.1111/ctr.12031

\_ 37 Consensus Document for Management of Hepatocellular Carcinoma )




72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Liang W, Wu L, Ling X, Schroder PM, Ju W, Wang D et al. Living donor liver transplantation
versus deceased donor liver transplantation for hepatocellular carcinoma: a meta-analysis. Liver

Transpl 2012; 18: 1226-1236 [PMID: 22685095 DOI: 10.1002/1t.23490]

Pompili M, Francica G, Ponziani FR, lezzi R, Avolio AW. Bridging and down staging treatments
for hepatocellular carcinoma in patients on the waiting list for liver transplantation. World J
Gastroenterol 2013;19: 7515-7530 [PMID: 24282343 DOI: 10.3748/wjg.v19.i43.7515]

Bhangui, Prashant; Allard Marc Antoine, Vibert, Eric, Cherqui, Daniel, Pelletier Gilles, Antonio Sa
Cunha et al. Salvage Versus Primary Liver Transplantation for Early Hepatocellular Carcinoma: Do
Both Strategies Yield Similar Outcomes? Ann of Surg: July 2016,Volume 264, ,p 155-163 doi:
10.1097/SLA.0000000000001442

ZhuY,Dongd, WangWL, LiMX, LuY. Short-andlong-term outcomes after salvageliver transplantation
versus primary liver transplantation for hepatocellular carcinoma: a meta-analysis. Transplant Proc

2013; 45: 3329-3342 [PMID: 24182812 DOI: 10.1016/j.transproceed.2013.06.004]

Llovet JM, Bruix J. Novel advancements in the management of hepatocellular carcinoma in 2008.J

Hepatol. 2008;48 Suppl 1:S20-S37.

Feng K1, Yan J, Li X et al. A randomized controlled trial of radiofrequency ablation and surgical
resection in the treatment of small hepatocellular carcinoma. J Hepatol. 2012 Oct;57(4):794-802.

Min-Shan Chen, Jin-Qing Li, Yun Zheng et al .A Prospective Randomized Trial Comparing
Percutaneous Local Ablative Therapy and Partial Hepatectomy for Small Hepatocellular Carcinoma.
Ann Surg 2006;243:321-328.

Lu DS, Yu NC, Raman SS et al. Percutaneous radiofrequency ablation of hepatocellular carcinoma
as a bridge to liver transplantation. Hepatology 2005;41:1130-1137

Lu DS, Yu NC, Raman SS et al. Radiofrequency ablation of hepatocellular carcinoma: treatment
success as defined by histologic examination of explanted liver. Radiology 2005;234:954-960

Lencioni R, Cioni D, Crocetti L et al. Early-stage hepatocellular carcinoma in cirrhosis: long term
results of percutaneous image-guided radiofrequency ablation. Radiology 2005;234:961-967

Choi D, Lim HK, Rhim H et al. Percutaneous radiofrequency ablation for early stage hepatocellular
carcinoma as a first line treatment: long term results and prognostic factors in a large single
institution series. Eur Radiol 2007;17:684-692

Rhim H. Complications of radiofrequency ablation in hepatocellular carcinoma. Abdom Imaging

2005; 30:409-418

Llovet JM, Real MI, Montana X, et al, Arterial embolisation or chemoembolisation versus
symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomized
controlled trial. Lancet 2002; 359:1734-1739

Lo CM, Ngan H, Tso WK, et al. Randomized control trial of Transarterial Lipiodol chemoembolisation
for unresectable hepatocellular carcinoma, Hepatology 2002;35:1164-1171

Aloia TA, Adam R, Samuel D, et al . A decision analysis model identifies the interval of efficacy
for Transarterial Chemoembolisation(TACE) in cirrhotic patients with Hepatocellular carcinoma
waiting for liver transplantation. J Gastrointest Surg.2007;11(10):1328-1332

Consensus Document for Management of Hepatocellular Carcinoma )




87.

88.

89.

90.

91.

92.

93.

9.

95.

96.

97.

98.

99.

100.

101.

Llovet JM, Bruix J. Systematic review of randomized trials for unresectable hepatocellular carcinoma:
Chemoembolisation improves survival. Hepatology 2003;

Camma C, Schepis F, Orlando A, et al. Transarterial Chemoembolisation for unresectable
hepatocellular carcinoma; meta-analysis of randomized controlled trials. Radiology 2002; 224:47

- 54

Yamakado K, Nakatsuka A, Akeboshi M et al. Combination therapy with radiofrequency ablation
and transcatheter chemoembolization for the treatment of hepatocellular carcinoma: short-term
recurrences and survival. Oncol. Rep. 2004; 11(1), 105-109

Veltri A, Moretto P, Doriguzzi A et al. Radiofrequency thermal ablation (RFA)after transarterial
chemoembolization (TACE) as a combined therapy for unresectable non-early hepatocellular

carcinoma (HCC). Eur. Radiol. 2006 16(3), 661-669

Kulik LM, Atassi B, van Holsbeeck L et al. Yttrium-90 microspheres (TheraSphere) treatment of
unresectable hepatocellular carcinoma: downstaging to resection, RFA and bridge to transplantation.
J Surg Oncol 94:572-586.

Salem R, Lewandowski R, Atassi B,et al. Treatment of unresectable hepatocellular carcinoma with
use of Y90 microspheres (Theraspheres) :Safety, tumor response and survival. J Vascular Interv

Radiol. 2005;16:1627-1639.

Geshwind JF, Salem R, Carr BL et al. Yttrium-90 microspheres for the treatment of hepatocellular
carcinoma. Gastroentreology.2004; 12:5194-S2

Lau WY, Ho S, Leung TWet al. Selective internal radiation therapy for nonresectable hepatocellular
carcinoma with intrarterial infusion of 90Yttrium microspheres.Int J Radiat Oncol Biol
Phys.1998;40:583-592.

Kulik LM, Carr BL, Mulcahy MF et al.Safety and efficacy of 90Y radiotherapy for hepatocellular
carcinoma with or without portal vein thrombosis.Hepatology 2008;47:71-81.

Salem R, Lewandowski RJ, Kulik L et al (2011) Radioembolization results in longer time-to-
progression and reduced toxicity compared with chemoembolization in patients with hepatocellular
carcinoma. Gastroenterology 140:497-507

Riaz A, Lewandowski RJ, Kulik LM et al (2009) Complications following radioembolization with
yttrium- 90 microspheres: a comprehensive literature review. J Vasc Interv Radiol 20:1121-1130

Lencioni R, Bartolozzi C, Caramella D et al. Treatment of small hepatocellular carcinoma with
percutaneous ethanol injection. Analysis of prognostic factors in 105 Western patients. Cancer
1995; 76:1737-1746.

Shiina S, Teratani T, Obi S et al. A randomized controlled trial of Radiofrequency ablation versus
ethanol injection for small hepatocellular carcinoma. Gastroenterology 2005; 129:122-130

KodaM, Murawaki Y, Mitsuda A et al. Predictive factors for intrahepatic recurrence after percutaneous
ethanol injection therapy for small hepatocellular carcinoma. Cancer 2000; 88:529-537

Madoff DC,Abdalla EK, Vauthey JN. Portal vein embolisation in preparation of major hepatic
resection: evolution of a new standard of care.J Vasc Interv Radiol .2005;16:779-790.

Consensus Document for Management of Hepatocellular Carcinoma )




102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Riberto D , Abdalla EK, Madoff DC et al . Portal vein embolisation before major Hepatectomy and
its effect on regeneration, respectability and outcome. Br J Surg 2007; 94:1386-1394.

Abulkhir A, Limongelli P, Healey AJ, Damrah O, Tait P, Jackson J, Habib N, Jiao LR.Preoperative
portal vein embolization for major liver resection: a meta analysis.Ann Surg. 2008 Jan;247(1):49-

57.

Seong J, Koom WS, Park HC. Radiotherapy for painful bone metastases from hepatocellular
carcinoma. Liver Int Off J Int Assoc Study Liver. 2005 Apr;25(2):261-5.

He J, Zeng Z-C, Tang Z-Y, Fan J, Zhou J, Zeng M-S, et al. Clinical features and prognostic
factors in patients with bone metastases from hepatocellular carcinoma receiving external beam

radiotherapy. Cancer. 2009 Jun 15;115(12):2710-20.

Zeng Z-C, Tang Z-Y, Fan J, Zhou J, Qin L-X, Ye S-L, et al. Radiation therapy for adrenal gland
metastases from hepatocellular carcinoma. Jpn J Clin Oncol. 2005 Feb;35(2):61-7.

Zeng Z-C, Tang Z-Y, Fan J, Qin L-X, Ye S-L, Zhou J, et al. Consideration of role of radiotherapy
for lymph node metastases in patients with HCC: retrospective analysis for prognostic factors from

125 patients. Int J Radiat Oncol Biol Phys. 2005 Nov 15;63(4):1067-76.

Chen Y-X, Zeng Z-C, Fan J, Tang Z-Y, Zhou J, Zeng M-S, et al. Defining prognostic factors
of survival after external beam radiotherapy treatment of hepatocellular carcinoma with lymph
node metastases. Clin Transl Oncol Off Publ Fed Span Oncol Soc Natl Cancer Inst Mex. 2013
Sep;15(9):732-40.

Bujold A, Massey CA, Kim dJJ, Brierley J, Cho C, Wong RKS, et al. Sequential phase I and I trials
of stereotactic body radiotherapy for locally advanced hepatocellular carcinoma. J Clin Oncol Off J
Am Soc Clin Oncol. 2013 May 1;31(13):1631-9.

Kawashima M, Furuse J, Nishio T, Konishi M, Ishii H, Kinoshita T, et al. Phase Il study of
radiotherapy employing proton beam for hepatocellular carcinoma. J Clin Oncol Off J Am Soc Clin

Oncol. 2005 Mar 20;23(9):1839-46.

Zeng Z-C, Fan J, Tang Z-Y, Zhou J, Qin L-X, Wang J-H, et al. A comparison of treatment
combinations with and without radiotherapy for hepatocellular carcinoma with portal vein and/or
inferior vena cava tumor thrombus. Int J Radiat Oncol. 2005 Feb 1:61(2):432-43.

Kim DY, Park W, Lim DH, Lee JH, Yoo BC, Paik SW, et al. Three-dimensional conformal radiotherapy
for portal vein thrombosis of hepatocellular carcinoma. Cancer. 2005 Jun 1;103(11):2419-26.

Hsu HC, Chen TY, Chiu KW, Huang EY, Leung SW, Huang YJ, et al. Three-dimensional conformal
radiotherapy for the treatment of arteriovenous shunting in patients with hepatocellular carcinoma.

Br J Radiol. 2007 Jan;80(949):38-42.

Meng M-B, Cui Y-L, Lu 'Y, She B, Chen Y, Guan Y-S, et al. Transcatheter arterial chemoembolization
in combination with radiotherapy for unresectable hepatocellular carcinoma: a systematic review
and meta-analysis. Radiother Oncol J Eur Soc Ther Radiol Oncol. 2009 Aug;92(2):184-94.

Choi SB, Kim KS, Park YN, Choi JS, Lee WJ, Seong J, et al. The Efficacy of Hepatic Resection after
Neoadjuvant Transarterial Chemoembolization (TACE) and Radiation Therapy in Hepatocellular
Carcinoma Greater Than 5 cm in Size. J Korean Med Sci. 2009 Apr 1;24(2):242-7.

Consensus Document for Management of Hepatocellular Carcinoma )




116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Katz AW, Chawla S, Qu Z, Kashyap R, Milano MT, Hezel AF. Stereotactic hypofractionated
radiation therapy as a bridge to transplantation for hepatocellular carcinoma: clinical outcome and
pathologic correlation. Int J Radiat Oncol Biol Phys. 2012 Jul 1;83(3):895-900.

Andolino DL, Johnson CS, Maluccio M, Kwo P, Tector AJ, Zook J, et al. Stereotactic body
radiotherapy for primary hepatocellular carcinoma. Int J Radiat Oncol Biol Phys. 2011 Nov
15;81(4):e447-453.

Bae SH, Kim M-S, Cho CK, Kim KB, Lee DH, Han CJ, et al. Feasibility and efficacy of stereotactic
ablative radiotherapy for Barcelona Clinic Liver Cancer-C stage hepatocellular carcinoma. J Korean

Med Sci. 2013 Feb;28(2):213-9.

Huang W-Y, Jen Y-M, Lee M-S, Chang L-P, Chen C-M, Ko K-H, et al. Stereotactic body radiation
therapy in recurrent hepatocellular carcinoma. Int J Radiat Oncol Biol Phys. 2012 Oct 1;84(2):355-
61.

Sanuki N, Takeda A, Kunieda E. Role of stereotactic body radiation therapy for hepatocellular
carcinoma. World J Gastroenterol. 2014 Mar 28;20(12):3100-11.

Kim TH, Kim DY, Park J-W, Kim SH, Choi J-I, Kim HB, et al. Dose-volumetric parameters
predicting radiation-induced hepatic toxicity in unresectable hepatocellular carcinoma patients
treated with three-dimensional conformal radiotherapy. Int J Radiat Oncol. 2007 Jan 1;67(1):225-
31.

Schefter TE, Kavanagh BD, Timmerman RD, Cardenes HR, Baron A, Gaspar LE. A phase I trial
of stereotactic body radiation therapy (SBRT) for liver metastases. Int J Radiat Oncol Biol Phys.
2005 Aug 1;62(5):1371-8.

Dawson LA, Ten Haken RK. Partial volume tolerance of the liver to radiation. Semin Radiat Oncol.

2005 Oct;15(4):279-83.

Lo SS, Sahgal A, Chang EL, Mayr NA, Teh BS, Huang Z, et al. Serious Complications Associated
with Stereotactic Ablative Radiotherapy and Strategies to Mitigate the Risk. Clin Oncol. 2013
Jun;25(6):378-87.

Dawson LA, Normolle D, Balter JM, McGinn CJ, Lawrence TS, Ten Haken RK. Analysis of
radiation-induced liver disease using the Lyman NTCP model. Int J Radiat Oncol Biol Phys. 2002
Jul 15;53(4):810-21.

Rusthoven KE, Kavanagh BD, Cardenes H, Stieber VW, Burri SH, Feigenberg SJ, et al. Multi-
Institutional Phase I/1I Trial of Stereotactic Body Radiation Therapy for Liver Metastases. J Clin
Oncol. 2009 Apr 1;27(10):1572-8.

Tse RV, Hawkins M, Lockwood G, Kim JJ, Cummings B, Knox J, et al. Phase I Study of
Individualized Stereotactic Body Radiotherapy for Hepatocellular Carcinoma and Intrahepatic

Cholangiocarcinoma. J Clin Oncol. 2008 Feb 1;26(4):657-64.

Cérdenes HR, Price TR, Perkins SM, Maluccio M, Kwo P, Breen TE, et al. Phase I feasibility trial
of stereotactic body radiation therapy for primary hepatocellular carcinoma. Clin Transl Oncol Off
Publ Fed Span Oncol Soc Natl Cancer Inst Mex. 2010 Mar;12(3):218-25.

Pan CC, Kavanagh BD, Dawson LA, Li XA, Das SK, Miften M, et al. Radiation-Associated Liver
Injury. Int J Radiat Oncol. 2010 Mar 1;76(3, Supplement):S94-100.

Consensus Document for Management of Hepatocellular Carcinoma )




130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Cheng JC-H, Wu J-K, Huang C-M, Liu H-S, Huang DY, Tsai SY, et al. Dosimetric analysis and
comparison of three-dimensional conformal radiotherapy and intensity-modulated radiation therapy

for patients with hepatocellular carcinoma and radiation-induced liver disease. Int J Radiat Oncol.
2003 May 1;56(1):229-34.

Cheng JC-H, Chuang VP, Cheng SH, Huang AT, Lin Y-M, Cheng T-I, et al. Local radiotherapy with
or without transcatheter arterial chemoembolization for patients with unresectable hepatocellular
carcinoma. Int J Radiat Oncol. 2000 May 1;47(2):435-42.

(klcsg) KLCSG, Center NC, (ncc) K. 2014 KLCSG-NCC Korea Practice Guideline for the
Management of Hepatocellular Carcinoma. Gut Liver. 2015 May 31;9(3):267-317.

Mornex F, Girard N, Beziat C, Kubas A, Khodri M, Trepo C, et al. Feasibility and efficacy of high-
dose three-dimensional-conformal radiotherapy in cirrhotic patients with small-size hepatocellular
carcinoma non-eligible for curative therapies—mature results of the French Phase Il RTF-1 trial. Int

J Radiat Oncol. 2006 Nov 15;66(4):1152-8.

Seong J, Lee 1J, Shim SJ, Lim DH, Kim TH, Kim JH, et al. A multicenter retrospective cohort
study of practice patterns and clinical outcome on radiotherapy for hepatocellular carcinoma in
Korea. Liver Int Off J Int Assoc Study Liver. 2009 Feb;29(2):147-52.

Seong dJ, Park HC, Han KH, Chon CY. Clinical results and prognostic factors in radiotherapy for
unresectable hepatocellular carcinoma: a retrospective study of 158 patients. Int J Radiat Oncol.

2003 Feb 1;55(2):329-36.

Liu M-T, Li S-H, Chu T-C, Hsieh C-Y, Wang A-Y, Chang T-H, et al. Three-dimensional Conformal
Radiation Therapy for Unresectable Hepatocellular Carcinoma Patients who had Failed with
or were Unsuited for Transcatheter Arterial Chemoembolization. Jpn J Clin Oncol. 2004 Jan

9;34(9):532-9.

Park HC, Seong J, Han KH, Chon CY, Moon YM, Suh CO. Dose-response relationship in local
radiotherapy for hepatocellular carcinoma. Int J Radiat Oncol. 2002 Sep 1;54(1):150-5.

Park W, Lim DH, Paik SW, Koh KC, Choi MS, Park CK, et al. Local radiotherapy for patients with
unresectable hepatocellular carcinoma. Int J Radiat Oncol. 2005 Mar 15;61(4):1143-50.

Kouloulias V, Mosa E, Georgakopoulos J, Platoni K, Brountzos I, Zygogianni A, et al. Three-
Dimensional Conformal Radiotherapy for Hepatocellular Carcinoma in Patients Unfit for Resection,
Ablation, or Chemotherapy: A Retrospective Study. Sci World J. 2013 Nov 28;2013:e780141.

Hawkins MA, Dawson LA. Radiation therapy for hepatocellular carcinoma. Cancer. 2006 Apr
15;106(8):1653-63.

Yu YQ, Xu DB, Zhou XD, Lu JZ, Tang ZY, Mack P. Experience with liver resection after hepatic
arterial chemoembolization for hepatocellular carcinoma. Cancer. 1993 Jan 1;71(1):62-5.

Kalogeridi M-A, Zygogianni A, Kyrgias G, Kouvaris J, Chatziioannou S, Kelekis N, et al. Role
of radiotherapy in the management of hepatocellular carcinoma: A systematic review. World J

Hepatol. 2015 Jan 27;7(1):101-12.

Seong J, Keum KC, Han KH, Lee DY, Lee JT, Chon CY, et al. Combined transcatheter arterial
chemoembolization and local radiotherapy of unresectable hepatocellular carcinoma. Int J Radiat
Oncol Biol Phys. 1999 Jan 15;43(2):393-7.

Consensus Document for Management of Hepatocellular Carcinoma )




144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Guo W-J, Yu E-X, Liu L-M, Li J, Chen Z, Lin J-H, et al. Comparison between chemoembolization
combined with radiotherapy and chemoembolization alone for large hepatocellular carcinoma.

World J Gastroenterol. 2003 Aug;9(8):1697-701.

Ishikura S, Ogino T, Furuse J, Satake M, Baba S, Kawashima M, et al. Radiotherapy after
transcatheter arterial chemoembolization for patients with hepatocellular carcinoma and portal
vein tumor thrombus. Am J Clin Oncol. 2002 Apr;25(2):189-93.

Yoon SM, Lim Y-S, Won HJ, Kim JH, Kim KM, Lee HC, et al. Radiotherapy Plus Transarterial
Chemoembolization for Hepatocellular Carcinoma Invading the Portal Vein: Long-Term Patient

Outcomes. Int J Radiat Oncol. 2012 Apr 1;82(5):2004-11.

Eccles CL, Bissonnette J-P, Craig T, Taremi M, Wu X, Dawson LA. Treatment planning study to
determine potential benefit of intensity-modulated radiotherapy versus conformal radiotherapy for
unresectable hepatic malignancies. Int J Radiat Oncol Biol Phys. 2008 Oct 1;72(2):582-8.

Chen D, Wang R, Meng X, Liu T, Yan H, Feng R, et al. A comparison of liver protection among
3-D conformal radiotherapy, intensity-modulated radiotherapy and RapidArc for hepatocellular
carcinoma. Radiat Oncol Lond Engl. 2014 Feb 6;9:48.

Park S-H, Kim J-C, Kang MK. Technical advances in external radiotherapy for hepatocellular
carcinoma. World J Gastroenterol. 2016;22(32):7311.

Park JM, Kim K, Chie EK, Choi CH, Ye SJ, Ha SW. RapidArc® vs intensity-modulated radiation
therapy for hepatocellular carcinoma: a comparative planning study. Br J Radiol. 2012 Jul
1;85(1015):e323-9.

Kim SH, Kang MK, Yea JW, Kim SK, Choi JH, Oh SA. The impact of beam angle configuration
of intensity-modulated radiotherapy in the hepatocellular carcinoma. Radiat Oncol J Radiat Oncol

J. 2012 Sep 30;30(3):146-51.

Yoon HI, Lee IJ, Han K-H, Seong J. Improved oncologic outcomes with image-guided intensity-

modulated radiation therapy using helical tomotherapy in locally advanced hepatocellular carcinoma.
J Cancer Res Clin Oncol. 2014 Sep;140(9):1595-605.

Hou J, Zeng Z, Wang B, Yang P, Zhang J, Mo H. High dose radiotherapy with image-guided hypo-
IMRT for hepatocellular carcinoma with portal vein and/or inferior vena cava tumor thrombi is more
feasible and efficacious than conventional 3D-CRT. Jpn J Clin Oncol. 2016 Jan 4;46(4):357-62.

Wang P-M, Hsu W-C, Chung N-N, Chang F-L, Fogliata A, Cozzi L. Radiotherapy with volumetric
modulated arc therapy for hepatocellular carcinoma patients ineligible for surgery or ablative
treatments. Strahlenther Onkol Organ Dtsch Rontgengesellschaft Al. 2013 Apr;189(4):301-7.

Kang MK, Kim MS, Kim SK, Ye GW, Lee HJ, Kim TN, et al. High-dose radiotherapy with intensity-
modulated radiation therapy for advanced hepatocellular carcinoma. Tumori. 2011 Dec;97(6):724-

31.

Kim TH, Park J-W, Kim Y-J, Kim BH, Woo SM, Moon SH, et al. Simultaneous integrated boost-
intensity modulated radiation therapy for inoperable hepatocellular carcinoma. Strahlenther Onkol
Organ Dtsch Rontgengesellschaft Al. 2014 Oct;190(10):882-90.

Consensus Document for Management of Hepatocellular Carcinoma )




157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

NCCN Clinical Practice Guidelines in Oncology, Hepatobiliary Cancers. 2016, version 1. [Internet].
[cited 2016 Dec 22]. Available from: https://www.nccn.org/professionals/physician_gls/pdf/
hepatobiliary. pdf

Kwon JH, Bae SH, Kim JY, Choi BO, Jang HS, Jang JW, et al. Long-term effect of stereotactic
body radiation therapy for primary hepatocellular carcinoma ineligible for local ablation therapy or
surgical resection. Stereotactic radiotherapy for liver cancer. BMC Cancer. 2010 Sep 3;10:475.

Wahl DR, Stenmark MH, Tao Y, Pollom EL, Caoili EM, Lawrence TS, et al. Outcomes After
Stereotactic Body Radiotherapy or Radiofrequency Ablation for Hepatocellular Carcinoma. J Clin
Oncol Off J Am Soc Clin Oncol. 2016 Feb 10;34(5):452-9.

Yoon SM, Lim Y-S, Park MJ, Kim SY, Cho B, Shim JH, et al. Stereotactic body radiation therapy
as an alternative treatment for small hepatocellular carcinoma. PloS One. 2013;8(11):e79854.

Sanuki N, Takeda A, Oku Y, Mizuno T, Aoki Y, Eriguchi T, et al. Stereotactic body radiotherapy
for small hepatocellular carcinoma: a retrospective outcome analysis in 185 patients. Acta Oncol
Stockh Swed. 2014 Mar;53(3):399-404.

Kang J-K, Kim M-S, Cho CK, Yang KM, Yoo HJ, Kim JH, et al. Stereotactic body radiation therapy
for inoperable hepatocellular carcinoma as a local salvage treatment after incomplete transarterial

chemoembolization. Cancer. 2012 Nov 1;118(21):5424-31.

Kimura T, Aikata H, Takahashi S, Takahashi I, Nishibuchi I, Doi Y, et al. Stereotactic body
radiotherapy for patients with small hepatocellular carcinoma ineligible for resection or ablation
therapies. Hepatol Res Off J Jpn Soc Hepatol. 2015 Apr;45(4):378-86.

Verslype C, Rosmorduc O, Rougier P, ESMO Guidelines Working Group. Hepatocellular carcinoma:
ESMO-ESDO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol Off J
Eur Soc Med Oncol. 2012 Oct;23 Suppl 7:vii41-48.

Case RB, Sonke J-J, Moseley DJ, Kim J, Brock KK, Dawson LA. Inter- and Intrafraction Variability
in Liver Position in Non-Breath-Hold Stereotactic Body Radiotherapy. Int J Radiat Oncol. 2009
Sep 1;75(1):302-8.

Fontenot JD, Klein EE. Technical Challenges in Liver Stereotactic Body Radiation Therapy:
Reflecting on the Progress. Int J Radiat Oncol. 2013 Dec 1;87(5):869-70.

Wunderink W, Méndez Romero A, Seppenwoolde Y, de Boer H, Levendag P, Heijmen B. Potentials
and Limitations of Guiding Liver Stereotactic Body Radiation Therapy Set-Up on Liver-Implanted
Fiducial Markers. Int J Radiat Oncol. 2010 Aug 1;77(5):1573-83.

Induction of remission in hepatocellular carcinoma: A comparison of VP 16 with adriamycin. Melia
WM, Johnson PJ, Williams R. cancer 1983; 51: 206-210

Chemotherapy studies in primary liver cancer. A prospective randomized clinical trial. Falksom G,
Moertel C G, Lavin P, Pretorius F J and Carbone, P P. Cancer 1978, 42: 2149-2156.

Chemotherapy for advanced hepatocellular carcinoma Adriamycin versus quadruple chemotherapy.

Choi, T. K., Lee, N. W. and Wong, J.Cancer 1984, 53: 401-405.

A phase II study of gemcitabine and cisplatin in patients with advanced hepatocellular carcinoma.
Parikh PM!, Fuloria J, Babu G, Doval DC, Awasthy BS, Pai VR, et al. Trop Gastroenterol. 2005;26:
115-8

Consensus Document for Management of Hepatocellular Carcinoma )




172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Gemcitabine and cisplatin-based combination chemotherapy in advanced hepatocellular carcinoma:
an Indian experience. Pande SB, Doval DC, Pavithran K, Sharma JB, Shirali R, Jena A. Indian J
Med Paediatr Oncol 2012; 33: 42-47.

Gemcitabine plus oxaliplatin (GEMOX) in patients with advanced hepatocellular carcinoma (HCC):
results of a phase II study. Louafi S, Boige V, Ducreux M, Bonyhay L, Mansourbakht T, de Baere
T, et al. Cancer 2007;109(7):1384

The Indian National Association for Study of the Liver (INASL) Consensus on Prevention, Diagnosis
and Management of Hepatocellular Carcinoma in India: The Puri Recommendations. Ashish
Kumar, Subrat K. Acharya , Shivaram P. Singh , Vivek A. Saraswat , Anil Arora, Ajay Duseja, et al.
J CLIN EXP HEPATOL 2014,4:S3-S26

Sorafenib in advanced hepatocellular carcinoma. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane
E, Blanc JF, et al. N Engl J Med. 2008;359(4):378

Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular
carcinoma: a phase Il randomised, double-blind, placebo-controlled trial. Cheng AL, Kang YK,
Chen Z, Tsao CJ, Qin S, Kim JS, et al. Lancet Oncol. 2009;10: 25.

Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib treatment
(RESORCE): a randomised, double-blind, placebo-controlled, phase 3 trial. Jordi Bruix, Shukui Qin,
Philippe Merle, Alessandro Granito, Yi-Hsiang Huang, Gyorgy Bodoky, et al. Lancet Published
online December 5, 2016 http://dx.doi.org/10.1016,/50140-6736(16)32453-9

Clinical profile, etiology and therapeutic outcome in 324 hepatocellular carcinoma patients at
a tertiary care center in India.Paul SB, Chalamalasetty SB, Vishnubhatla S, et al. Oncology.
2009;77:162-171

European Association for the Study of the Liver, European Organisation for Research and Treatment
of Cancer. EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J

Hepatol. 2012;56:908-943)

Managing cancer pain: frequently asked questions. Induru RR, Lagman RL. Cleve Clin J Med.
2011;78(7):449-464. http://dx. doi.org/10.3949/ccjm.78a.10054.

Role of supportive care for terminal stage hepatocellular carcinoma. Kumar M, Panda D. J Clin Exp

Hepatol. 2014 Aug;4(Suppl 3):5130-9

Defining the role of palliative radiotherapy in bone metastasis from primary liver cancer: an analysis
of survival and treatment efficacy. Habermehl D, Haase K, Rieken S, Debus J, Combs SE Tumori.
2011;97(5):609-613. http://dx.doi.org/10.1700,/989.

Nutritional support for liver disease. Koretz RL, Avenell A, Lipman TO. Cochrane Database Syst
Rev 2012; 5: CD008344. http;//dx.doi.org/10.1002,/14651858.CD008344.pub2

Gastrointestinal haemorrhage in hepatocellular carcinoma: management with transhepatic
embolization. Srivastava DN, Gandhi D, Julka PK, Tandon RK. Abdom Imaging 2000; 25: 380-
384)

Consensus Document for Management of Hepatocellular Carcinoma )




CHAPTER
1 1 ABBREVIATIONS

AAIR Age Adjusted Incidence Rate INASL Indian National Association for Study of the
AASLD American Association for the Study of Liver Liver

Diseases IRE Irreversible Electroporation
ACC Adrenocortical Carcinoma ITV Internal Target Volume
AFP Alfa Feto Protein LCC Large Cell Change
AFP-L3 Lens Culinaris Agglutin-reactive AFP LDLT Living Donor Liver Transplant
AJCC American Joint Committee on Cancer LGDN Low Grade Dysplastic Nodule
AMSR Age Standardized Mortality Rate LLR Laparoscopic Liver Resection
AR Anatomical Resection MA Metastatic Adenocarcinoma
ARG Arginase 1 mCEA Monoclonal Carcinoembryonic Antigen
BCLC Barcelona Clinic Liver Cancer MELD Model of End-stage Liver Disease
Cal9-9 Carbohydrate Antigen 19-9 MRI Magnetic Resonance Imaging
CEA Carcinoembryonic Antigen NAFLD Non Alcoholic Fatty Liver Disease
CECT Contrast Enhanced Computed Tomography NAR Non-anatomical Resection
CE-USG Contrast Enhanced Ultrasonography NCCN National Comprehensive Cancer Network
CK Cytokeratin NCRP National Cancer Registry Program
CLIP Cancer of the Liver Italian Program NEC Neuroendocrine Carcinoma
CLT Cadaveric Liver Transplant NSAID Non Steroidal Anti-inflammatory Drugs
CTP Child Turcottte Pugh OLT Orthotopic Liver Transplantation
CUPI Chinese University Prognostic Index OPD Out-patient Department
DDLT Deceased Donor Liver Transplant PBCR Population Based Cancer Registry
DN Dysplastic nodules PCEA Polyclonal Carcinoembryonic Antigen
EASL European Association for the Study of the PEI Percutaneous Ethanol Injection

Liver PET Positron Emission Tomography
EBRT External Beam Radiation Therapy PIVKA Prothrombin Induced by Vitamin K Absence Il
ECOG Eastern Cooperative Oncology Group PVE Portal Vein Embolization
FLR Future Liver Remnant RCC Renal Cell Carcinoma
FNH Focal Nodular Hyperplasia RCT Randomized Controlled Trial
GPC3 Glypican-3 RFA Radiofrequency Ablation
GS Glutamine synthetase RILD Radiation Induced Liver Disease
HA Hepatic Adenoma SBRT Stereotactic Body Radiation Therapy
HBV Hepatitis B Virus SCC Small Cell Change
HCC Hepatocellular Carcinoma SIRT Selective Intraarterial Brachytherapy
HCV Hepeatitis C Virus SMA Smooth Muscle Antigen
HGDN High Grade Dysplastic Nodule TACE Transarterial Chemoembolization
HSP Heat Shock Protein TARE Transarterial Radioembolization
HVPG Hepatic Venous Pressure Gradient TELV Total Estimated Liver Volume
IARC International Agency for Research on Cancer TNM Tumor Node Metastasis
ICG Indocyanine Green UCSF University of California at San Francisco
ICMR Indian Council of Medical Research UICC Union for International Cancer Control
IGRT Image-Guided Radiation Therapy Us Ultrasound
IHC Immuno Histo Chemistry VMAT Volumetric Arc Therapy
[HCC Intra-Hepatic Cholangiocarcinoma WHO World Health Organization
IMRT Intensity Modulated Radiation Therapy
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