Liver resection for hepatocellular and fibrolamellar

carcinoma in a South African tertiary referral centre.

Yalda Ziaei MB BCh, FCS(SA)
ZXXYALOO1

A thesis submitted for the degree of
Master of Philosophy in Surgery (MPhil)
Faculty of Health Sciences
UNIVERSITY OF CAPE TOWN
15 January 2024



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



DECLARATION

I, Yalda Ziaei, hereby declare that the work on which this thesis is based is my original work
(except where acknowledgements indicate otherwise) and that neither the whole work nor any
part of it has been, is being, or is to be submitted for another degree in this or any other

university.

| empower the university to reproduce for the purpose of research either the whole or any

portion of the contents in any manner whatsoever.

Signature: | Signed by candidate |

Date: 15 January 2024

Date of Submission: 15 January 2024

Supervisor: Professor J E J Krige
Department of Surgery
Faculty of Health Sciences
UNIVERSITY OF CAPE TOWN

Co-Supervisor: Professor E G Jonas
Department of Surgery
Faculty of Health Sciences

UNIVERSITY OF CAPE TOWN



Table of Contents

Y o1 1 T O T PP P TP PP PPTOPION 5
ACKNOWIEAZEMENTS. ....eeiiiiiiee ettt e e et e e e et e e e e ebteee e e bteeesebteeeeenbaaaeeasteeeesseseeeasaneeesnssneessnnes 7
R o) N I | o] LT PP URTOPPTOTOUPRP 8
I o) B ST ={ U LSRR 9
(0 0T o) {1 ot R [ 4 o To (1ot { [ o RSP PUPPRPPNt 10
Chapter 2: LItErature REVIEW ......iicciiiiiiiiiee ittt ettt e e st e e s st e e e s sbteeesebteeeesabteeessseaeessssaeessassenessnes 12
2 R o o 1T 0T T Lo =4V 2P 12
P O | a1 ok |l oY =Ty =T o1 = o] o IR 14
D 3\ Fo Y (VT | 4113 o RS 16
2.4 DIQBNOSIS toeeueeriiteeeeeiiiiiitteeeeeseessittteeeeeesesstabtaeeeeeesaa s tbtataeeee s e e hbttaaeeee s e e ttbtaaeeeeeenanrrraaaaeens 17
D 3 R = 1o Tol o 1= o 01 1) 4 VST URR 17
2,42 TUMOUL MAFKEIS .ottt ettt ettt sttt e et esb e e saeesaeesabeebeenbeenns 17
N B WAV 7= T o 1o 0 = = =N 19
D0 T R U 14 =T T e Lo T={ =T ] 1RSSO 19
2.4.3.2 CT ettt ettt ettt he ettt e bt e e h e e e ae e san e s n e e r e e reenes 20
2.4.3.3 Magnetic reSONANCE IMAGING ..vvveeeriiiriiiiiiiteeeeeiriiireteeeeesssssrrrreeeeesssssatrrreeeeesssssssseaeeees 21
2.4.3.4 Positron emission tOMOGIraPNY ...ccccuvviiiiiiiie ettt ectre e e stee e e e e e e e bae e e e e naeeaeas 23
244 LIVEI DIOPSY cureietiitectecieeieet ettt ettt ete st st e e a e s et et eas s etesteetesee s s sestesbes et erssasaneete st st nnannann 24
2.4.5 DiagnoStiC |aParOSCOPY ...vvrreiiiiiiieiiiiiieeiiiieeeeitreeesstreeesstreeeestaeeesssaeeessssaeeesassseeessnsreeanns 25
PR - 1 0 To] Lo -V PPN 26
2.5. 1 NON-CIrThOtIC HCC ..ottt st e 26
2.5.2 Hepatocellular carcinoma in CirrNOSIS ........coccciiiiieiiiee e et aree e 28
2.5.3  Fibrolamellar CarCinoOma ........oocueeiiiieiiie e s 28
2.6 Association between hepatocellular carcinoma and Cirrhosis .........ccceeecvveeeecieeeccieee e, 29
B A V<1 4 o] [ -4V RN 30
2.7.1  Chronic hepatitis B iNfECTION .....coeieiiiiiieieece e e 30
2.7.2  Chronic hepatitis CiNfECTION ......ccocciiieeeeeeeeee et e e 31
2.7.3  AICORNOL e e e s e e nre e s reeenaree s 32

A S N i F=Y o ) (] o T = RN 32



2.7.5 Dietary iron overload in Sub-Saharan AfriCa ......cccoccveeiiiiiii e 33
2.8 TrEatMENT oo a e 33
2.8.1  Transarterial therapies ....uueiieciiei it e e st e e s e e e e s nbae e e e sraeeeeas 33
2.8.2  ADBIQLION ittt et e sa b e s be e e s b e e e he e e s abeesreeesaree s 38
2.8.3  RESECLION ..eiiiiiiiiiiiiiie e 41
T T YU = oF- | I =Tol oY oY o [V =T PSSP 44
2.8.3.2 Complications post hepatiCc reSECtiON........ccuiiiieiie e 50
2.8.3.3 Intra-operative Blood 0SS .......cocciiiiiciiie e e 53
2.8.3.4 Intra and post-operative blood transfusion ..........cccecveiiiiiiei i, 54
P I S N 1o 1 o1 =Y 1 - 1 To 1 F R 55
Chapter 3: RESEAICH STUY ...covicieiie ettt sttt s e st saesaeste s e e e ases s eseeseaserease et steseenennen 58
3.0 Patients and METhOAS ........ooouiiiiiiee ettt st 58
3.1 PatieNnt SEIECTION ..ueeeeieeie ettt st sre e she e st 58
3.2 Radiological @SSESSIMENT .....eeiiiiiiieicciieeect et e e e st e e e s s e e e e ssbae e e snbeeeeennreeas 59
I I U =4 Tor= Y IR =Tl oY o 1o U= TP PR 59
3.4 ANaesthetic MaNAZEMENT .....oo e e st e e e s be e e e e abee e s enreeas 60
R I = T o= 1 I [ F= 1AV 2] SR 60
BB RESUIELS <.ttt ettt e b e s bt e she e s at e sttt e b e bt e e be e eat e et e eateenbeenheesaneeas 61
3.7 DISCUSSION .oeviiiiiiiiiiie ittt s a e s be e sab e sabe e s sab e e sab e e s s aa e e sabe e sna e e sabeesnns 66
Chapter 4: Conclusion and recommendations for future research..........ccccoocveeicciii e 71
Chapter 5: Paper ready for pUBIICATION ......ccoccuiiii ittt e e ee e e e e e e e e e eraeeeeeanes 75
21T o] Lo} = =T o] o 1P 87
FaY o] o= g o [0l E TP U PRSP 102
Appendix A: Human Research Ethics Committee letter of approval.......ccccceevceiiiiiiiieenniennnee. 102

Appendix B: Human Research Ethics Committee letter of approval — Renewed letter ............. 104



ABSTRACT

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy in adults and is the fifth
most common solid tumour worldwide with a variable prevalence based on underlying risk factors and
geography. The incidence has risen over the past several decades and HCC is now the third leading cause
of cancer-related deaths globally, after lung and stomach cancers, with a 5-year survival rate less than
20% and recurrence rates as high as 88%. More than 80% of global HCCs occur in sub-Saharan Africa (SSA)
and Eastern Asia where the incidence ranges from 4.8 to 8.3 per 100,000 per year in different regions of
SSA with the highest incidence in the western central Africa compared to less than 3 per 100 000 in
Western countries. Hepatocellular carcinoma has become a significant public health concern in SSA and
is now the second leading cancer in men and the third for women, occurring in particular in young adults.
Unfortunately only a small proportion of patients in SSA with HCC are treated with curative intent. Data
are scarce, but studies consistently report that curative-intended treatment is pursued in less than 1% of
patients in SSA with HCC. Fibrolamellar carcinoma (FLC) was until recently regarded as a variant of HCC
occurring in young patients with a relatively good prognosis but is now recognized as a distinct clinical

entity with consistent chimeric fusion protein (DNAJB1-PRKACA) expression by FLC tumours.

The optimal treatment of HCC and FLC is influenced by the stage of the disease, the degree of liver
impairment, and patient performance status. Currently, the therapeutic strategy is based on international
guidelines and the Barcelona Clinic Liver Cancer (BCLC) staging system in which potentially curative
treatment for early-stage HCC includes resection, transplantation and ablation. Surgical resection is the
treatment of choice in patients without cirrhosis and in those with cirrhosis and well-preserved hepatic
function. Despite advances in surgical techniques and perioperative care, hepatectomy remains a high-
risk surgical procedure with complications occurring in up to 40% of resections. This adds a significant
burden to individual patients by adversely affecting quality of life and increasing length of hospital stay,
readmission rates, and healthcare costs. Recurrence despite curative-intent treatment is as high as 88%
and is due to tumour multifocality, size 25 ¢cm, macroscopic vascular or microscopic lymphovascular
invasion, elevated alfa-fetoprotein (AFP) levels and impaired liver function. Previous publications from our
unit have reported earlier data on resection for HCC and FLC. The aim of this research was to assess the
peri-operative outcome and survival of patients with HCC and FLC following curative liver resection at a

tertiary referral centre in South Africa.



In this study a retrospective analysis was done of all liver resections for HCC and FLC at Groote Schuur
Hospital and the University of Cape Town Private Academic Hospital between January 1990 and December
2021. Three resection groups were compared, (i) HCC occurring in normal livers, (ii) HCC occurring in
cirrhotic livers, and (iii) fibrolamellar carcinoma. Post-operative complications were classified according
to the expanded Accordion severity grading system. Median overall survival (OS) and 95% confidence

intervals (Cl) were calculated.

Forty-eight patients were included in the study, 25 with HCC in non-cirrhotic livers, 15 in cirrhotic livers
and eight for FLC. Thirty-six patients (75%) underwent a major resection. No mortality occurred but 16
patients (33%) developed grade 1 to 4 complications. Thirty-three patients (68%) developed recurrence
of HCC following their initial resection of whom 29 (60%) ultimately died. Median OS was 64.2m, 95% ClI
[29.7-84.6], 61.9m, [28.1-95.6] and 31.7months, [1.5-61.8] for patients with HCC in non-cirrhotic livers,

FLC and HCC in cirrhotic livers respectively.

Liver resection for HCC and FLC was a safe procedure with no mortality, but one-third of patients had
associated post-operative morbidity. The high long-term recurrence rate remains a major obstacle in

achieving better survival results after resection.
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CHAPTER 1

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide (1) and the most common
primary malignancy of the liver. HCC is a major cause of cancer deaths worldwide and has the sixth-highest
morbidity and the fourth highest mortality in the world (2, 3) with an approximate 5 year survival rate of

18% (4).

Most HCCs occur in low socio-economic countries, especially in SSA and Southeast Asia. The incidence of
HCC in these regions accounts for approximately 80% of newly diagnosed cases (5). The incidence data
for HCC in most sub-Saharan countries are based on non-population-based registries, positive histological
reports, or estimates of incidence, because there are no reliable statistics regarding the true incidence (5,

6).

Risk factors for HCC such as chronic hepatitis, alcohol abuse, fatty liver and steatohepatitis, obesity,
diabetes, nicotine use and hemochromatosis are largely attributed to the prevalence of the disease (4).
The high incidence of HCC in Asia and SSA is mainly attributed to the frequency of chronic hepatitis B virus
(HBV) infection, which accounts for high incidences of HCC in non-cirrhotic livers and is often complicated
by cirrhosis, and lesser contributions from dietary exposure to iron or aflatoxin B1 and chronic hepatitis C
virus (HCV) infection (7). Different aetiological factors for HCC result in the diversity and variant incidences

of the disease across different regional areas and ethnic groups (4).

The age of onset of HCC varies in different parts of the world. In Japan, North America and European
countries, mean age of presentation is above 60 years while patients tend to be younger in East Asia and
some African countries (8). The younger age group in Africa, especially in SSA, is due to the higher
incidence of hepatitis resulting in HCC. The bimodal age distribution in this group and the higher incidence

of foetal-to-maternal transfer of the hepatitis results in HCC in younger age group (9).

Unfortunately, most patients present with advanced disease and the triad of jaundice, abdominal pain,
and distention, with about 60% of patients having cirrhosis. An estimated 93% of patients die within 1
year of onset of symptoms (7). While 40% of patients in high-income countries are diagnosed early, 95%

of patients in SSA countries present at an advanced or terminal stage (6, 7).
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Until 2000, treatment for hepatocellular carcinoma was limited to a small number of options. With a
dismal proportion of patients eligible for treatment other than best supportive care, results were not
encouraging (5). The treatment of HCC is classified into two main categories, those having curative
intervention and those who are treated with palliative intent, with resection and liver transplantation and
in selected patients, percutaneous ablation, offering the potential of cure while other modalities such as

trans-arterial and systemic therapies considered as palliative treatment.

Hepatocellular carcinoma has become a significant public health concern in SSA and is now the second
leading cancer in men and the third for women, occurring in particular in young adults. Data on HCC in
SSA are limited. This is largely due to difficulty in accessing medical practitioners, especially for patients
living in rural areas. Many rural patients prefer to go to traditional healers (witch-doctors, nyangas) due
to cultural beliefs. Other limitations hampering accurate data collection are secondary to a lack of
experienced trained personnel available to maintain a detailed HCC registry as well as the lack of a

comprehensive and accurate population survey (9).

Only a few HCC surgical series have been reported in SSA (10-13). In order to resolve these deficiencies,
an analysis of outcome was undertaken in a HPB unit tertiary centre in South Africa. This study evaluated
the pathology, surgery, peri-operative morbidity and mortality in a series of patients who underwent

resection.
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CHAPTER 2

LITERATURE REVIEW

Epidemiology

Hepatocellular carcinoma is the 6th most common cancer worldwide and the most common primary
malignancy of the liver (1). The ratio between incidence and mortality is approximately 1 which indicates
the aggressiveness of the disease (4, 7, 14). In 2020, HCC was ranked the third highest cause of mortality

and accounted for 8.3% of all deaths (7).

Although globally the diagnosis of HCC peaks between 60 and 70 years (4) a cohort study from a tertiary
referral centre in SSA showed a median age of 45 years in patients with HCCs and 32.5 — 37.5 years in

those with HBV-induced HCC (8).

HCC predominantly affects men (4) with a male-to-female ratio of 2:1—4:1 (15). In 2020, HCC was the fifth
most common cancer in males and the seventh most common in females worldwide (15). In SSA, HCC is
the second most common cancer in males and the third most common cancer in females with male to

female ratio of 3:1 to 4:1 (7).

The incidence of HCC varies by geographic region and ethnicity. Age of exposure to risk factors plays an
important role in this scenario. Most patients will develop an HCC with the background of liver cirrhosis
and viral hepatitis, alcohol, non-alcoholic fatty liver and steatohepatitis as the major risk factors (4). China,
Southeast Asia and SSA have the highest incidence of HCC followed by central and Southern Europe
countries. The lowest incidence rates are reported in Northern Europe, the Middle East, Oceania, North

and South America (15) (Figure 1)
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Figure 1. Worldwide incidence of liver cancer, 2020 (4) (With permission from the Internations Agency

for Research on Cancer. ASR=age-standardised rate)

The true incidence of HCC in Africa is underestimated and is estimated to have a 40% undercount of HCC
in Africa resulting in a 20% underestimation of HCC worldwide (1, 5). This is largely due to lack of registries
in SSA, the lack of population screening and increased death from the chronic viral hepatitis, lack of HCC
surveillance in high risk populations as well as health care limitations in some of these countries (1, 9).

The recent incidence of HCC in SSA is shown in Table 1.

Ten African countries (Egypt, The Gambia, Guinea, Ghana, Liberia, Burkina Faso, Senegal, Guinea-Bissau,
Mauritania, and Cape Verde) are among the 25 countries with the highest age-standardised rates of HCC

per 100 000 population. Egypt has the highest incidence of HCC incidence followed by the Gambia. (7).

In SSA, most HCCs are diagnosed at an advanced stage and are inoperable. Only 5% present with
Barcelona Clinic Liver Cancer Classification (BCLC) stage A-B in contrast to 40% presenting with the same

stage in European countries and 72% patients in BCLC stage D versus 15% (7).
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Incident Age-standardised Deaths Age-standardised
cases incident rate per 100 000 mortality rate per 100 000
population population
Western 17630 8.4 16887 8.1
sub-Saharan
Africa
Central 6072 6.1 5716 5.9
sub-Saharan
Africa
Eastern 12326 5.0 11542 4.8
sub-Saharan
Africa
Southern 2601 4.6 2447 4.3
sub-Saharan
Africa

Table 1. Regional variation in hepatocellular carcinoma in sub-Saharan Africa (7), Data are from

BLOBOCAN 2020

Clinical Presentation

The growth of HCC is characteristically silent in nature which may delay diagnosis for as long as 3 years
from the time of development (16), especially in cases of non-cirrhotic HCC (17). As a result, patients are

unaware of their disease and will present very late in the course of their disease (9).

The clinical presentation of HCC is known to vary considerably and generally relates to the extent of
hepatic reserve (Table 2) (16). The commonest presentation of HCC is abdominal pain which occurs in
about 52% of patients (17). Pain is most often felt in the right hypochondrium, epigastrium or lower right
anterior chest and may radiate to the right side of the back or tip of right shoulder. The pain is initially

described as unremitting dull and aching which progresses in severity as the disease progresses (9).

As HCC usually arises in patients with underlying cirrhosis, deterioration of hepatic function as a result of
cirrhosis will result in hepatic encephalopathy, jaundice and ascites (16). In a series of Black patients in
Southern Africa, 52.4% of the males and 49.1% of the females complained of either a mass in the upper
abdomen or generalized swelling caused by ascites. Haematemesis may be an initial complaint in

populations with HCC because of co-existence of long standing cirrhosis (9) and portal hypertension.
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Presentation Manifestations
Asymptomatic
Liver dysfunction - Ascites
- Jaundice

- Hepatic Encephalopathy

- Variceal Bleed
Complications of - Abdominal pain
tumour growth - Weight loss / Cachexia

- Abdominal mass

- Obstructive Jaundice

- Tumour rupture
Para-neoplastic - Hypoglycaemia
syndrome - Hypercalcaemia

- Polycythaemia

- Feminization syndrome

- Diarrhoea

- Cutaneous manifestations
Distant metastasis

Table 2. Presentation and manifestations of hepatocellular carcinoma (16)

Complications related to the tumour growth can be the initial presenting finding in non-cirrhotic patients
whose tumours can grow without restriction as a result of adequate hepatic reserve. This is common in
SSA and other regions where chronic hepatitis B virus (HBV) infection related HCC is more prevalent (16).
These patients are more likely to present with signs and symptoms of long-standing malignancy such as

weight loss, anorexia, malaise and abdominal distension (18).

Large subcapsular HCC can spontaneously rupture into the peritoneal cavity and end with catastrophic
results. This usually occurs if the tumour sustains blunt trauma or outgrows its blood supply. Presentation

in this situation can range from abdominal pain and peritonism to shock (16).

Extrahepatic manifestations of HCC, which are more common in non-cirrhotic HCC (16, 17), can be the
result of distant metastases or para-neoplastic syndrome. Most common sites of metastases are lung,
bone and adjacent visceral organs (16). Twenty-five per cent of non-cirrhotic HCC initially present with

extra-hepatic metastases (17).

Patients with HCC may rarely present with a paraneoplastic syndrome. If present, this can manifest as

hypoglycaemia, hypercalcaemia, polycythaemia and feminisation syndrome (19). As a result of increased
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production of secretory peptide, patients may present with watery diarrhoea which can lead to electrolyte
abnormalities if severe (20). Cutaneous manifestations occur rarely and are mainly seen in association
with chronic liver disease rather than HCC. Examples include porphyria cutanea tarda and pityriasis

rotunda (16).

On physical examination, hepatomegaly is the most common physical finding. The liver may be hard with
irregular palpable borders. Hepatomegaly can be appreciated in cases of non-cirrhotic or early cirrhotic
HCC as a result of a mass. In advanced cases of cirrhosis, the liver may be shrunken and not palpable (16).
Hepatocellular carcinomas are almost always larger in Black Africans and Asia-Pacific patients than they

are in patients in resource-rich countries with low incidence of the tumour (9).

Ascites is present in approximately one-half of Black Africans with HCC at the time of diagnosis. The degree
of fluid accumulation is usually mild to moderate at the time of admission and can progress as the disease
progresses. Fourteen percent of Southern African patients present with tense ascites as result of tumour
invasion into the hepatic veins. In these patients, the whole liver is enlarged because of venous congestion

and may be difficult to palpate and clinically examine the liver in detail (9).

Twenty-five to 41% of patients may present with jaundice at the time of admission (21). The incidence of
jaundice is 33.6% in males and 28.6% in females. While the most common type of jaundice is the non-
obstructive type, 12% of Southern African patients have been reported to have HCC complicated with

obstructive jaundice which is considered a rare and unusual presentation for HCC (9).

Patients with fibrolamellar carcinoma traditionally present with chronic gastrointestinal symptoms,
abdominal pain and distension. On examination, a mass may be palpable as well as findings of ascites(22).
In rare circumstances, fibrolamellar carcinoma can present with gynecomastia secondary to high levels of
aromatase expression and mental status change secondary to hyperammonaemia and acquired ornithine
transcarboxylase deficiency (17, 22). Other rare manifestations include deep vein thrombosis, Budd-Chiari

syndrome, non-bacterial thrombotic endocarditis and fulminant liver failure (17).
Natural History

HCC has a poor prognosis in all geographical regions, but the prognosis is especially grave in resource-

constrained regions that have a high incidence of the tumour (9). The incidence of HCC is increasing in
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low-incidence countries and even in some high-incidence countries because of the growing incidence of

HBV, HCV and obesity-related liver disease (23).

Malignant transformation is thought to result from cirrhosis, viral integration into the hepatocyte genome
with tumourogenesis or after years of hepatic regenerative activity in which inflammatory cytokines,
growth factors and other mediators prompt genetic alterations within hepatocytes via oxidative stress
(16). In a multivariate analysis, liver cell dysplasia was found to be a major risk factor for HCC occurring in

24% of all HCC and 53% of those positive for hepatitis B surface antigen (24).

The first widely accepted staging system to predict survival which incorporates tumour biology and
hepatic function was that proposed by Okuda et al (16, 25). Improperly identifying patients for specific
treatment was one of the main drawbacks of this staging system. The Cancer of the Liver Italian Group
Programme (CLIP) (26) had a more mathematically sound criterion to better explain variability in survival
(16). The Barcelona Clinic Liver Group (BCLC) staging system is thought to be more directed to specific

therapy depending on the stage of the patient (27).

Despite advances in medicine, the overall survival is poor. The 12 month fatality ratio of patients with HCC
is the highest of any human tumour (9). Median survival rate is reported to be less than 6 months (16, 23).
Most patients are not a candidate for curative intent intervention. The only palliative treatment which

has been shown to be of benefit is TACE (23).
Diagnosis

Biochemistry

Conventional liver function tests (LFT) are of no great value in HCC diagnosis. LFT derangement is

nonspecific and cannot differentiate between HCC and other liver lesions or cirrhosis (9, 28).

Tumour markers

Serum tumour markers are a useful and important adjunct for the detection of HCC. There are four main
groups which include oncofoetal antigens, glycoprotein antigens, enzymes with iso-enzymes and
cytokines (29). The most widely used tumour marker is Alpha-fetoprotein (AFP) which is a glycoprotein
and has three forms of glycoforms (APF-L1, AFP-L2 and AFP-L3) as per their binding capacity to lectin lens

agglutinin. AFP levels are elevated usually in 60-80% of patients. (30).
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Values of 10-20 ng/ml are considered normal for AFP and levels more than 400 ng/ml are regarded as
diagnostic. Higher levels are usually associated with a poorer prognosis (29). Sensitivity and specificity of
AFP is 41 —65% and 80-94% when the cut-off value of 20ng/ml is used (30). This sensitivity further declines
in non-cirrhotic patients. In high risk patients, elevated levels of AFP suggest a diagnosis of HCC but does

not exclude an HCC diagnosis when the AFP levels are normal or low (17).

Levels of AFP can differ in different geographic locations. The highest levels of AFP are seen in patients
with HCC in sub-Saharan black Africans with mean concentrations of 70,000 — 80,000 ng/ml and can
exceed one million. No obvious correlation is found in Black African patients between serum AFP and
other clinical or biochemical changes occurring in HCC such as degree of differentiation, stage of tumour,

survival and its association with HBV (9).

Despite being a good serum marker, AFP has some limitations as well. False positive AFP levels can be
detected during pregnancy, active liver disease, embryonic and some gastrointestinal tumours. While
small tumours can express AFP in lower than detected ranges, larger tumours can delay or express higher

levels than detected rate, resulting in negative results in all of them (30).

AFP levels are normal in the majority of patients with fibrolamellar carcinoma (17) with only 10% of
patients showing mild elevation in AFP (11). Transcobalamine |, also known as Haptocorrin (HC) is found
to be elevated in the serum of young patients with fibrolamellar carcinoma and is used as a tumour marker
for this disease. Haptocorrin is not specific for fibrolamellar carcinoma and can be found in chronic
myeloid leukaemia and sporadic cases of breast cancer as well (31). Less frequently, fibrinogen and

neurotensin levels can also be elevated (32).

Des-y-carboxyprothrombin (DCP), also known as the protein induced by vitamin K absence or antagonist
Il (PIVKA-II), is an effective tumour marker for HCC. High serum level predicts higher risk of vascular
invasion, higher recurrence rate and worse overall survival (33, 34). DCP is highly recommended for
screening especially when combined with AFP as it increases the sensitivity. But it’s not recommended for
recurrence screen as the level tends to be high after curative treatment even if pre-treatment levels were
low (33). Due to lower sensitivity and specificity of test in Black Africans with HCC (9), the use of the test

is limited in these population.

Alpha-L-Fucosidase (AFU) is a lysosomal enzyme present in all mammalian cells. AFU level significantly

rises 6-9 months before ultrasonographic imaging can depict the case (35). Sensitivity can reach to 85%
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with specificity of 91% for HCC detection (36). Montesar et al. recommend use of AFU for HCC detection
especially in cirrhotic patient as it was correlated with significant elevation of AFU in these group of
patients (35). One of limitation of AFU is its inability to distinguish HCC from liver cirrhosis (37) and that

might result in increased false positive results when this test is used.

Other tumour markers such as y-Glutamyl Transferase, tissue polypeptide antigen, immunoreactive
calcitonin and Glypican-3 are not recommended as tumour markers for HCC. They did not show to be
diagnostically superior to AFP for detection of HCC. Some of these markers are also non-specific and can

be found in non-malignant liver lesions or other malignancies (9).

Liver imaging

Ultrasonography

Ultrasonography (US) is a non-invasive test that allows determining the size, location, morphology and
vascular involvement of liver lesions (17). This mode of imaging is widely used for surveillance with
sensitivity of 60-80% and specificity of 45-94%. The sensitivity of the test can increase to 53-87% when

done by experienced professionals (38).

Contrast-enhanced US (CEUS) has become popular due to its capacity for stable and real time observation
with improved detectability of peripheral blood flow under vascular phase imaging (39). In addition, its
dye is safe to be used in patients with nephropathies and other contrast allergies (17). The microbubbles
of Sonazoid accumulates in the reticuloendothelial tissue such as Kupffer cells. This property will allow
differentiating between benign and malignant lesions in the post vascular phase. Deeply located lesions

and blind spots can be missed however on the imaging (39).

The appearance of HCC on US is variable and non-specific ranging from hypo or hyperechoic lesions with
or without heterogeneity or necrotic areas. The role of ultrasound is limited to the detection of tumours

<2 cm and tumours in a liver with a heterogeneous background and diffuse nodular pattern (17)

To characterise various nodules in a cirrhotic liver, it is important to evaluate the blood supply to the
nodule. In advanced HCC, a nodule is seen to be supplied by abnormal arteries, while in regenerative and

dysplastic nodules, normal hepatic arteries and portal veins can be seen supplying the lesion (40).
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A systematic way of performing and reporting ultrasound features has been suggested by Ultrasound Liver
Imaging and Reporting Data System (US LI-RADS) and shown in Table 3. This can further help in

management recommendation (41).

Category Criteria

LR-1 Simple cyst, classic hemangioma, focal fatty change, or focal fatty sparing

LR-2 Nodule size <10 mm, no AP enhancement, no washout, no additional enhancement
patterns OR LI-RADS 3 observa- tion stable for 22 years

LR-3 Nodule size 210 mm, no AP enhancement, no washout, no additional enhancement

patterns OR nodule size <10 mm, AP enhancement, no washout OR nodule size <20 mm,
no AP hyperenhancement, and washout (260 seconds)

LR-4 Nodule size 210 mm, AP hyperenhancement, no washout OR nodule size <10 mm, AP
hyperenhancement, and wash-out OR nodule size 220 mm, no AP hyperenhancement,
and washout (260 seconds)

LR-5 Nodule size 10 mm, AP hyperenhancement, and washout

LR-M Nodule of any size and washout (<60 sec) OR marked washout within 2 minutes OR rim
enhancement and washout

LR-NC Not categorizable due to image degradation or omission

LR-TIV Tumor within the portal vein, hepatic vein, or both

Table 3. Contrast-enhanced US LI-RADS Diagnostic Categories (42)

Note-Arterial phase (AP) hyperenhancement is defined as diffuse enhancement with unequivocal nodule
hypervascularity and no evidence of peripheral globular or rimlike enhancement. LI-RADS= Liver Imaging
Reporting and Data System, LR-1 = definitely benign, LR-2-probably benign, LR-3 intermediate
malighancy probability, LR-4 probably hepatocellular carcinoma (HCC), LR-5 - definitely HCC, LR-NC =
cannot be categorized due to image degradation, LR-TIV = tumor in vein, and LR-M = probably or
definitely malignant but not HCC specific.

[o1)

With the new advances in understanding HCC specific radiologic findings, the diagnosis of HCC can be
safely done without need of histological sample in most of cases. The AASLD and EASL guidelines state
that the diagnosis of HCC can be made radiologically if a new mass measuring 21 cm is found that
demonstrates arterial hyper-enhancement and venous washout in a cirrhotic liver using either multiphasic

contrast computed tomography (CT) or MRI (8).

Computed tomography has a high sensitivity (55-91%) and specificity (77-96%) in diagnosing HCC (43). For
lesions larger than 1cm in size, using either CT or MRI is sufficient. For lesions between 1-2 cm in size,

EASL-EORTC guidelines recommend using both modalities in non-expert centres (44).
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The main diagnostic criteria on CT scan include hypervascularization on the arterial “wash-in” phase and
washout during portal phase of enhancement, which is similar in cirrhotic and non-cirrhotic livers. On non-
contrasted phase, CT shows hypo-attenuation. HCC lesions are usually well-circumscribed and
encapsulated. Other specific features of lesions such as fat involvement, foci of haemorrhage and necrotic

areas are more commonly seen in non-cirrhotic HCC (17).

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is superior to CT for the diagnosis of HCC (17). Sensitivity of MRI for
HCC detection can reach 89-100%. For lesions between 1 and 2cm, specificity can reach to 84% and 47%
respectively. Because of its lower availability and higher cost, the use of MRI is limited, especially in

resource-poor countries (38).

The HCC appearance on T1 sequences depends on the degree of fibrosis, necrosis and the presence of fat,
but most commonly appears hypo-intense on T1 and hyper-intense on T2 images (17). Up to 30% of HCC
nodules can be isointense on T2-weighted images and 12% to 50% can display a hyper-intense signal on
T1-weighted images which is explained by the presence of fat, copper, iron, protein, and glycogen within
the lesion (43). In the contrasted phase, HCC shows enhancement in the late arterial phase and is
isointense to the liver parenchyma on portovenous phase and hypointense on the delayed images (45),

(figures 2 & 3).

Figure 2. Right liver lobe HCC
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Figure 3. HCC involving liver segments 5 and 6

The presence of intra-lesional fat signifies a better prognosis. This finding can be detected more easily on
MRI compared to CT or CEUS. A high fat content is seen in 10-17% of non-cirrhotic HCCs and in 36% of
well differentiated HCCs (17). A non-cirrhotic liver represents a challenge in differentiating between HCC

and benign liver lesions such as focal nodular hyperplasia and hepatocellular adenoma (17).

Diffusion Weighted Imaging (DWI) measures diffusion of water molecules. In HCC, cells are smaller than
normal hepatocytes resulting in high number of cells per voxel and restricting the water diffusion. This

will result in higher signal intensity on DWI images compared to normal liver parenchyma (46).

DWI can be also useful for assessing prognosis, and predicting and monitoring response to treatment (46).
A recent study showed that DWI has a lower sensitivity (60.7%) for the detection of local HCC recurrence
after transarterial chemoembolization (TACE) compared to contrast-enhanced imaging (82%) (43). In
patients with a high risk of HCC recurrence, the use of Gadoxetic acid liver MRI and DWI may improve the
differentiation of non-specific new arterial enhancing foci from early hypervascular HCC recurrence in
patients with non-occlusive findings on extracellular liver MRI with high specificity (90.9%) and positive

predictive value (95.8%) (47).
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Another proposed use for the DWI is its prediction of the histopathological grade of HCC. A lower mean
ADC has been reported in moderately to poorly differentiated HCC compared to well-differentiated HCC.
Mubhi et al. observed a 95% early recurrence rate in patients with tumour ADC of <0.898 x 10-3 mm2/s

(48).

DWI shows promise as an imaging biomarker, since restricted diffusion can indicate the presence of
progenitor cell markers, vascular endothelial growth factor (VEGF) expression and microvascular

invasion. A summary is presented in Table 4 (46).

Tumour Grade ADC Potential association
High differentiation Good diffusion No reported association
Well differentiation Moderate diffusion No reported association
Poor differentiation Restricted diffusion Presence of progenitor cell markers 1
Scarce differentiation Scarce diffusion Presence of progenitor cell markers 1,

vascular endothelial growth factor (VEGF)
expression2-51, and microvascular
invasion52.

Table 4. Role of DWI as a biomarker (46)

Positron emission tomography

Glucose metabolism of cancer cells are significantly higher when compared to normal cells. Like glucose,
fluorine-18-fluorodeoxygluose (FDG) is also taken up by the cancer cells via glucose transporters (49).
Sensitivity of FDG positron emission tomography/CT (18F-FDG PET/CT) for HCC is reported to be between
40 and 60% (49) and is not satisfactory in detecting well differentiated HCC (50, 51).

Due to low sensitivity of FDG-PET, other radionuclides have been used with more promising results. *C-
acetate is a precursor for phospholipid synthesis with a higher MRI sensitivity for HCC than PET and is used
for monitoring the tumour response post loco-regional treatment. Another useful radionuclide is *!C-

choline which has proved to be useful in imaging and therapeutic management of HCC (52).

A systematic review and meta-analysis has recommended dual tracer PET imaging which increases the
diagnostic accuracy of HCC. The authors reported that FDG-PET was better in cases of poorly

differentiated HCC while radiolabelled choline PET/CT is more valuable in detecting other HCCs (49).
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Liver biopsy

Non-invasive diagnostic criteria for HCC have only been validated in patients with cirrhosis who have been
followed up with six-month interval ultrasound examinations. Furthermore, the diagnosis of HCC in
nodules <1cm especially in non-cirrhotic patients can be challenging if the nodules do not show the
characteristic features of HCC (53). Therefore, EASL guidelines strongly recommend a liver biopsy to
confirm the diagnosis of a HCC in non-cirrhotic livers (53, 54). AASLD guidelines do not recommend a

biopsy for lesions >1cm if two different imaging studies yield concordant findings (17).

Liver biopsy is done under CT or US guidance with varying degrees of sensitivity (66%-93% based on
tumour size, operator experience, and needle size) and 100% specificity and positive predictive value (17,

53). The diagnostic accuracy is lower in lesions < 3 cm (50%-83%) (55).

Besides the histological diagnosis for doubtful cases, tissue is sampled for investigations in clinical trials.
The histological sample is reported for HCC histotype, grade, vascular invasion, morpho-molecular type,
expression of phenotypic markers of prognostic impact such as CK-19 and the degree of fibrosis of the

non-neoplastic liver tissue (53).

Major problems with histopathological examination of HCC include differentiating well-differentiated HCC
with benign lesions such as regenerative nodules, dysplastic nodules, focal nodular hyperplasia (FNH) and
hepatocellular adenoma (HA) (Figure 4) (56). Similar features between HA and HCC include relative
monomorphic hepatocytes and lack of true portal tracts as well as thin-walled unpaired arteries and in
the background of steatosis and focal loss of reticulin, differentiation between the two can be diffuclt (57).
On the other side of the spectrum, histological differentiation betweeen HCC and cholangiocarcinoma or

metatstatic carcinoma can be challenging as well (56).
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Figure 4. Temporal development of histopathologic changes during hepatocarcinogenesis

and their imaging correlated (58)

The role of a liver biopsy is limited because of the fear of seeding thorough the needle tract. The larger
the needle diameter and the number of passes, or the lower the degree of tumour differentiation, the
higher the risk of seeding (55). The real risk is unclear. A meta-analysis by Silva et al in 2008, showed the
incidence of needle tract tumour seeding following HCC biopsy was 2.7% overall and 0.9% per year (59).

Later studies showed a lower incidence rate of less than 1% (53, 60, 61).

Diagnostic laparoscopy

Even though laparoscopy is a widely used diagnostic tool for a variety of intra-abdominal and hepatobiliary
malignancies (62, 63), the use of laparoscopy specifically for patients with HCC is still largely undefined

(62). Operative morbidity is estimated to be 5% with mortality of 0% (64).

Proper assessment of the utility of staging laparoscopy is critically dependent on the extent and quality of
the preoperative imaging. Patients with liver cirrhosis, major vascular invasion and bilobar tumours were

identified to benefit more from diagnostic laparoscopy prior to an attempted resection (62).

Combining diagnostic laparoscopy with intra-operative ultrasound can optimize patient selection for
curative hepatic resection and may discover unresectable disease in as many as 63% of patients (65, 66).

The addition of intra-operative ultrasound confirms the location and number of lesions diagnosed by
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conventional imaging with higher quality and definition. (65). On the other hand, challenges with this
technique can include difficulty in maintaining close probe contact with a nodular liver surface and

difficulty in delineating regenerative nodules from neoplastic lesions in cirrhotic patients (64).
Pathology

Non-cirrhotic HCC

While HCC commonly arises in a cirrhotic liver, approximately 10% occur in non-cirrhotic livers in most
populations. Some studies have found that this figure may be as high as 20% in the general population
(67). This rate increases to 40% in black patients (10, 68). Non-cirrhotic HCC has a bimodal age distribution
with peaks at the 2" and 7'" decades of life (67). HCC occurs more commonly in males irrespective of the

underlying liver disease and cirrhosis (69).

These HCCs occur usually in chronic HBV infection and in patients with non-alcoholic fatty liver disease
(NAFLD). BCP T1762/A1764 mutation and high HBV viral load are independent factors for HCC in non-
cirrhotic patients. Older age, African American and Asian race are also considered risk factors in these
patients (17). Due to the increasing incidence of NAFLD in the Western World, the incidence of non-
cirrhotic HCC is likely to increase in future (67, 68). Differences between HCC and NCHCC are summarized

in Table 5.

Studies have shown that non-cirrhotic HCC tends to have a poorer differentiation and more aggressive
behaviour (10). Because of the normal underlying liver tissue, HCC in non-cirrhotic patients are usually
diagnosed late (67, 68). These patients do not present with symptoms until the lesions is large in size and
by the time the diagnosis is made, the HCC is at an advanced stage which requires more extensive surgery

to achieve a RO resection (68).

The risk of tumour recurrence exceeds 70% at 5 years after resection. In the absence of extra-hepatic
disease, the presence of vascular invasion and positive resection margins are risk factors for high
recurrence rates (10, 70). Surprisingly patients with non-cirrhotic underlying livers have higher recurrence
rates which has been attributed to higher rates of resection compared to the need for transplant in
cirrhotic patients. No recurrence rate difference was noticed when comparing specific procedures in

cirrhotic and non-cirrhotic patients (70).
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Multiple tumours, large tumour size, non-R0 resection and lympho-vascular invasion are poor prognostic

factors. RO resection, although non-statistically significant, can impact on patient survival (69). Peri-

operative morbidity and mortality are 29.5% and 2.7% respectively, which is lower than cirrhotic liver

resection (17, 68).

HCC

Epidemiology Eighty percent of HCC develop in a

Risk factors

Clinical

features

Diagnosis

Treatment

cirrhotic background. A unimodal age
distribution (peak in 7th decade) noted.
Male:female ratio - 3:2

Development of cirrhosis from any
aetiology can progress to HCC.
Hepatotropic viruses, environmental
and life-style factors (alcohol, tobacco),
metabolic conditions (nonalcoholic fatty
liver disease, diabetes mellitus, obesity)
play a predominant role noted
Symptoms could be related to
underlying cirrhosis (from portal
hypertension) or HCC (early satiety,
upper abdominal pain) itself.
Paraneoplastic signs such as
hypercalcemia, hypoglycaemia have
been reported

High quality cross-sectional imaging
(CT/MRI) are used with typical arterial
phase hyper-enhancement and portal
venous washout. LI-RADS classification
is used in classification of radiological
findings in HCC

Given the underlying cirrhosis, liver
transplant candidacy need to be
evaluated for HCC patients.
Resectability of the lesion, amount of
liver reserve, vascular invasion,
performance status determine the
treatment outcomes

NCHCC
Twenty percent of tumours develop in a
non-cirrhotic liver. A bimodal age
distribution (peak in 2nd and 7th decade)
noted. Male:female ratio- 2:1
NCHCC develops without a background of
underlying cirrhosis. Viral (HBV, HCV
infection) and non-viral risk factors
(obesity, diabetes mellitus, toxin exposure,
germline mutations and genetic disorders)
noted

Generalized fatigue, abdominal pain and
weight loss are common symptoms. Can
present at late stage with large tumour
burden, extrahepatic metastasis

Although CT and MRI are increasingly
utilized for diagnosis, liver biopsy are
utilized in patients when cross-sectional
imaging is equivocal. LI-RADS classification
cannot be utilized for NCHCC and instead
tumor characteristics (size, imaging
features) are utilized for staging

Antiviral treatment recommended when
aetiology of NCHCC is HBV/HCV. Surgery
remains the main treatment modality.
Systemic and local therapy options are
increasingly being utilized for NCHCC

Table 5. Key differences between non cirrhotic hepatocellular carcinoma and hepatocellular

carcinoma (67)

A recent retrospective study in Germany evaluated overall survival (OS) in patients with non-cirrhotic HCC

post-resection. The median OS was 35 months with 3 and 5 year survival rates of 64% and 47%,

respectively. Tumours less than 3cm in diameter, unifocal lesions, no vascular invasion and normal serum
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AFP were associated with significantly better OS (68). A recent systematic review analysis in China showed
5 years OS and Disease Free Survival (DFS) after non-cirrhotic HCC resection ranged from 30 — 61.4 and
24.01 - 58% respectively. No significance difference in outcome was seen when late and early stage non-

cirrhotic HCC liver resection was compared (69).

Heptatocellular carcinoma in cirrhosis

The incidence of liver cirrhosis has steadily been increasing during the past 30 years in the USA, while
cirrhosis-related mortality decreased by 22% (71). Approximately 80% of HCCs develop in a background
of liver cirrhosis (67). Liver cirrhosis has a 2.79 to 45 fold increase risk for HCC compared to non-cirrhotic
patients (72). Viral hepatitis, alcohol-associated liver disease (ALD) and non-alcoholic steatohepatitis

(NASH) are major risk factors for cirrhotic HCC (73).

The complex architecture of the liver makes the surgery challenging. The challenge for resection in
cirrhotic livers is even higher because of the impact of surgical stress and trauma imposed on borderline
liver function and the impaired ability for liver regeneration in cirrhotic livers. Important aspects to be
considered during liver resection is the functional status (including evidence of portal hypertension) and

the future liver remnant (74).

Liver resection in cirrhotic patients is associated with higher morbidity and mortality (71). Child B and C
categories are independent factors for increased morbidity. In the early 1980s, the mortality rate after
resection was high and ranged from 16% to 26%. In recent years with new advances in surgical techniques

and improved perioperative care, the mortality rate has decreased to 5% (75).

Impaired liver function, especially coagulopathy, hyperbilirubinaemia and hypoalbuminaemia have been
found to be associated with poor outcome after liver resection (68). Although liver cirrhosis is a major
cause of post-operative HCC recurrence due to hepatocarcinogenesis, the pattern and annual rate of post-
operative recurrence is still unclear (76). Studies have shown the highest rate of recurrence in cirrhotic
HCC is seen after loco-regional therapy. This rate decreases after a major resection and lowest risk is after

liver transplantation (73).

Fibrolamellar carcinoma

Fibrolamellar carcinoma (FLC) was considered to be a rare variant of HCC in the 4th WHO classification of

tumours of the digestive system which was published in 2010 (77). The term “fibrolamellar” has been
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applied in view of the thick fibrous collagen bands surrounding the tumour cells,. Other terminologies
such as eosinophilic HCC with lamellar fibrosis, HCC with polygonal cell type and fibrous stroma,

eosinophilic glassy cell hepatoma and fibrolamellar oncocytic HCC have been used in the past (11).

Unlike HCC, viral hepatitis and liver cirrhosis are not considered risk factors. Less than 10% of all FLC have
a background of liver cirrhosis (78). Historically, FLC was considered as subtype of HCC. But given the
histological appearance, the origin from non-cirrhotic liver and association with low AFP, FLC is now

considered a unique entity (22).

Due to rarity of the disease, most publications are small case series. Fibrolamellar carcinoma compromises
1to 9% of HCCs (79, 80). While some single institutional studies report a male predominance, results from
the United States’ National Cancer Data Base state that there is a female predominance (80). FLC occurs
more commonly in a younger age group but also appears to have two peak incidences with the another

group occurring between 70 and 79 years (80, 81).

Fibrolamellar carcinoma are usually large and single tumours with well-defined margins that demonstrate
rapid growth outgrowing the blood supply and have central scars (78). Unlike HCC, alpha-feto protein
levels are not elevated. Instead, high levels of aromatase, B12 binding protein and neurotensin can be
expected with these tumours (22). The disease is associated with DNAJB1-PRKACA fusion mutation (80).
The same gene mutation is also found in other pancreaticobiliary tumours, resulting in the question of the

primary stem cell of FLC (22).

Currently no randomized control trials have been done to determine the most efficacious chemotherapy
regimen and no neoadjuvant/adjuvant chemotherapy has shown improved survival post disease resection
(78, 82). The best outcome is achieved by complete surgical resection (81). Even when a RO resection is
achieved, recurrence rates are as high as 71% (78, 80, 82). Most patients (approximately 60%) are stage

IV at the time of diagnosis with perihilar lymph nodes the most common site of metastases (80).
Association between hepatocellular carcinoma and cirrhosis

The majority of HCC positive patients in the world have underlying liver cirrhosis. Two mechanisms of HCC

development have been postulated in cirrhotic patients.
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An underlying chronic inflammatory process in cirrhotic patients results in the formation of regenerative
nodules. These regenerative nodules can undergo dysplasia and become malignant. This transformation
is in keeping with nodular pattern of growth with surrounding capsule resulting in nodular type of HCC

(83).

The second mechanism is by the more direct effect of viral hepatitis integrating into the hepatocyte
genome. This may result in a number of molecular events ending with neoplastic transformation. The
gene incorporation is independent of the regeneration nodules and can occur in any region of the

hepatocyte with more rapid spread of the disease (83).

Several models have been developed to predict the risk of HCC in patients with liver cirrhosis. The ADRESS-
HCC model which was based on a cohort of cirrhotic patients from the National Liver Transplant data base,
showed that the overall incidence of HCC was 2.9 per 100 person per year (73). Age, sex, race, diabetes,
aetiology and severity of cirrhosis were statistically associated with HCC development. The Toronto HCC
risk index (THRI) was based on a cohort of cirrhotic patients secondary to HCV, HBV, ALD and NAFLD. The
10 year incidence in this model was 23% for HBV, 21% in HCV (7% in HCV achieving sustained virologic
response), 18% in ALD and 13% in NAFLD. Despite different models available, challenges remain how to

incorporate these risk-based models into clinical practice (73).
Aetiology

Chronic hepatitis B infection

The hepatitis B virus is member of hepatotropic DNA virus family, called the Hepadnaviridae (9). Hepatitis
B is a partly double-stranded DNA virus (84) which infects humans and higher primates only. As a result,
the hepatitis B virus causes acute and chronic infection in the liver with progression of chronic

inflammation into malignancy (9).

Chronic HBV infection accounts for most of the HCCs worldwide with an annual incidence of 0.2% in all
HBV chronic infections older than 40 years and 3-8% in patients with HBV with liver cirrhosis (85). The risk
of HCC development increases in patients with Hepatitis C virus (HCV) and Human immune-deficiency
Virus (HIV) co-infections (86), black Africans, high viral load (more than 1X10* copies), cirrhosis and

positivity of E-antigen (9). Mortality rate increases in male, advanced age and black African people (1, 7).
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Compared to other causes of HCC, HBV-related HCC tends to affect a younger population. Up to one third
of infected patients will not have cirrhosis associated with HCC. In these patients, HBV can directly
intergrate with the hepatocyte DNA resulting in genomic instability and direct mutagenesis (86). The
remaining patients develop HCC in the context of liver cirrhosis as a consequence of chronic inflammation

and development of premalignant lesion, a pathophysiology which is not completely understood (7).

The rate of HBV-related HCC is decreasing in high prevalence areas of HBV infection. This is mainly because
more than 90% of countries worldwide have incorporated a HBV vaccine programme into their health

system, resulting in a dramatic decrease in HBV-related HCC (87).

Chronic hepatitis C infection

Chronic hepatitis C infection is a Hepacivirus within the Flaviviridae family (9) and is an enveloped RNA
virus (88). The lack of proof-reading capability of the RNA-dependant RNA polymerase results in high
mutational rate and variation in genomic structure. As a consequence of type, multiple genotypes of the

virus are known (9).

The 5 year risk of developing HCC in patients with chronic HCV infection ranges from between 1 to 13%
(7). Multiple pathophysiological factors contribute to the development of HCC in these patients. First is
the development of cirrhosis as a result of chronic inflammation (89, 90). The inflammatory cascade
results in fibrosis starting mainly in the peri-portal region and ending with liver cirrhosis pre-disposing to
HCC formation. While the inflammatory cascade is considered an indirect pathway of carcinogenesis, HCV
can directly interrupt signal transduction pathways which control cell survival, proliferation and

transformation. (89)

Achieving sustained virological response (SVR) results in regression of fibrosis. This phenomenon is easier
to occur in the context of mild to moderate fibrosis (89). Effective anti-viral treatment to achieve SVR has
shown to significantly reduce the risk of HCC. The risk reduction was observed more in patients with
cirrhosis compared with patients in different stage of fibrosis (91). Due to the continuous risk of HCC in
patients with established cirrhosis or established fibrosis, EASL and AASLD guidelines recommend lifelong

surveillance in these patients even after achieving SVR (89).

Besides the above mentioned factors, co-infection with HBV, untreated HIV, obesity, diabetes and insulin

resistance as well as steatohepatitis can further increase the risk of HCC development (7, 15).
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Alcohol

The World Health Organization (WHO) Global Status Report on Alcohol and Health estimated that 2.3
billion people are current alcohol drinkers, who consume an average of 32.8 g of pure alcohol per day
(92). Chronic alcohol use has been linked to the development of multiple malignancies. This risk starts
with a dose as low as 10 g/1unit/day (93). Doses of 80g/day for more than 10 years have been associated

with HCC development and increasing the risk by approximately 5 folds (94).

In USA and Europe, alcohol is the second most common risk factor for cirrhosis and HCC formation. Age
older than 55 years and thrombocytopaenia were reported to be independent risk factors for the

development of HCC in alcoholic cirrhosis patients (8).

Alcohol can be considered the main cause for development of HCC as result of liver cirrhosis as well as co-
factor when combined with other aetiological factors such as viral hepatitis (94). The carcinogenic effect
of alcohol is via the direct effect of acetaldehyde. The metabolites result in the formation of reactive

oxygen species and DNA damage with impaired repair (7, 93).

Aflatoxin B1

Aflatoxins are mycotoxins that contaminate staple cereals and oilseeds. Aflatoxins exert potent
carcinogenic properties resulting in formation of HCC especially when Aflatoxin B1 (AFB1) is produced by

Aspergillus Flavus and Aspergillus parasiticus (8, 17).

The carcinogenic effect of AFB1 is the result of mutations in the TP 53 tumour suppressor gene,
substituting arginine for serine (8).The highest exposure is in SSA, southeast Asia and China (17) with high

level documentation beyond the WHO safety level of 30 ug/kg (7).

The synergistic action of HBV with AFB1 has been reported (8, 17). Meta-analysis studies in China, Taiwan
and SSA, confirms these findings. These studies have shown in patients with AFB1 toxicity and positive
HBsAG, odds ratio for HCC formation is 73-0 (95% Cl 36:0—-148-3) comparing to AFB1 or HBV exposure
alone with OR 6-37 (3:74-10-86) and 11-3 (6:75—18-9), respectively (7)
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Dietary iron overload in sub-Saharan Africa

Secondary iron overload is seen with different haematological disorders (17). In SSA, this is mainly seen in
Black African people in association with the consumption of traditional beer which is as high as 82mg/L in
iron content (7). The risk of HCC secondary to iron overload in southern Africa is 10-6 (95% Cl 1:5-76-8)
(95).

Excess iron produces free radicals and reactive oxygen species resulting in oxidative stress, lipid
peroxidation, protein modification, DNA damage, necrosis and apoptosis of hepatocytes (with consequent
exhaustion of antioxidant defences and promotion of mutagenesis), frequent mitosis, and hepatic fibrosis

(7, 96)

Treatment

Transarterial therapies

Trans-arterial chemoembolization (TACE) is an established treatment for intermediate stage HCC (97).
Barcelona Clinic Liver Cancer (BCLC) algorithm has defined the indication for TACE in HCC. The 2022
guideline (figure 5) indicated TACE should be used in the second sub-group of intermediate stage. The
intermediate stage is defined as multifocal HCC with preserved liver function, no cancer related symptoms
(performance status 0) and no vascular invasion or extra-hepatic spread. A second sub-group is
compromised of patients without the option of a liver transplant who have preserved portal flow and a

defined tumour burden (27).
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Figure 5. BCLC staging and treatment strategy in 2022 (27)

The BCLC system established the prognosis in accordance with the 5 stages that are linked to first-line
treatment recommendations. The expected outcome is expressed as the median survival of each tumour
stage according to the available scientific evidence. Individualised clinical decision-making, according to
the available data on November 15, 2021, is defined by teams responsible for integrating all available data
with the individual patient’s medical profile. Note that liver function should be evaluated beyond the
conventional Child-Pugh staging. AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic
Liver Cancer; BSC, best supportive care; ECOG-PS, Eastern cooperative Oncology Group-performance
status; LT. liver transplantation; MELD, model of end-stage liver disease; TACE, transarterial

chemoembolization.

The BCLC system also incorporates the treatment migration concept in that TACE should be used in
patients with early-stage HCC in whom the recommended treatments are not feasible or have failed. The
use of TACE is also supported by other staging systems, such as the Japanese Integrated Staging (JIS)
scoring system (98), the Chinese University Prognostic Index (CUPI) (99), and the Hong Kong Liver Cancer

(HKLC) staging system (100), all of which have been validated in Eastern Asian populations (101).
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In June 2014, the revised Clinical Practice Guidelines for the Management of Hepatocellular Carcinoma,
proposed by the Japan Society of Hepatology (JSH), suggested TACE should to be the first choice of
treatment in Child-Pugh A/B patients with four or more HCC tumour nodules. The combination of TACE
and ablation were indicated for lesions less than 4 in number and nodules exceeding 3cm, if resection was

not indicated (98).

TACE is also used as neoadjuvant therapy prior to liver transplantation. TACE is mainly used for patients
while waiting on the list or as down staging of tumour burden to accepted criteria for transplantation. Use
of conventional TACE (cTACE) while waiting for transplantation is associated with 3-13% waitlist dropout
which is lower than expected (101). Moreover, cTACE has been shown to reduce HCC recurrence after LT
and to improve post-transplant overall survival, especially when the period on the waiting list exceeds 6—

12 months (101, 102).

The superiority of TACE over best supportive care has been shown for advanced HCC with portal vein
thrombosis in randomized clinical trials (101, 103, 104) and meta-analysis (105). In real world clinical

practice, TACE is used as first line treatment for up to 50% of BCLC stage C HCC patients (101, 106).

Multiple scores have been developed to aid in patient selection either for first time TACE use or re-TACE.
Predictive values of these scores have not been demonstrated. Instead, tumour burden, BCLC stage at
baseline, Child-Pugh score and radiological responses are used for decision making and consideration of

alternative therapy (101). A summary of scores and their components are presented below in Table 6.



Albumin
Bilirubin

Tumor load

CRP

BCLC stage

AFP

Child-Pugh score

Radiologic tumor
response
AST

Score range

To decide for 1st TACE

STATE

Baseline (before
1%t TACE)
In g/L as score
points

Beyond up-to-
seven criteria (-12
points)

>1 mg/dL (-12
points)

Depends on
serum albumin
level (range
greater than ART)

HAP

36 g/dL (1 point)

>37 umol/L (1
point)

Max tumor
diameter >7cm (1
point)

> 400 ng/mL (1
point)

FromOto 4

To decide for re-TACE

ART

After 1% TACE
1-point increase
(1.5 point) 22
point increase (3
points)

No (1 point)

>25% increase (4
points)
From0Oto 8

ABCR

A (0 point)

B (2 points)

C (3 points)
>200 ng/mL (1
point)

22 point increase

(2 points)

Yes (-3 points)

From -3 to +6

Table 6. Parameters used to calculate STATE, HAP, ART, and ABCR scores (101)
BCLC: Barcelona Clinic of Liver Cancer; AFP: alpha-foeto-protein; CRP: C-reative protein; STATE: selection
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for transarterial chemoembolization treatment; HAP: hepatoma arterial-embolisation prognostic; ART:

Assessment for Retreatment; ABCR: Alpha- foeto Protein, BCLC, Child-Pugh, Response.

TACE can be given in conventional methods with the administration of lipiodol or by using Drug-eluting

beads (DEB-TACE). The Lipiodol used in cTACE may cross the sinusoids into the portal venules and cause

ischemia. This is turn will result in hepatic dysfunction and increase liver toxicity. While in the DEB-TACE,

the embolic material will remain within the arteries (97). In PRECISION V trial, lower incidence of
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hepatotoxicity and systemic adverse effects was seen with use of drug-eluting beads loaded with
doxorubicin (107). Despite these advantages of DEB-TACE, no increased survival benefit was seen when

compared to cTACE (108).

Hepatic artery embolization will cause tumour necrosis. High concentration of concomitantly used
chemotherapy agent will retain in the tumour and lead to additive necrosis effect. On the other hand,
regurgitation of the portal flow into the tumour from surrounding sinusoids facilitates tumour survival.
High incidence of recurrence after TACE is secondary to this phenomenon. Local recurrence after TACE is

reported to be 46, 58 and 63% at two, three and five year interval, respectively (109).

Tumour number, tumour size, PVT, and hepatic function were found to be predictors of the TACE response
(97). In a randomized control trial done by Lo et al, tumour diameter of <5 cm was of a good prognostic

factor (110). Sub-segmental TACE has the strongest anti-tumour effect compared to cTACE (109).

TACE has low mortality rate. In a study done by Takayasu et al, the incidence of mortality was calculated
to be 0.5% (44 out of 8510 patients) (111). Post TACE syndrome manifests as fever and abdominal pain
and usually appears several days post procedure. Other serious complications include post TACE
syndrome, hepatic abscess and ischemic complications such as hepatic infarct, hepatic insufficiency,

cholecystitis and bile duct necrosis (109).

The exact dose, frequency and best type of chemotherapy to be used with TACE are unknown.
Doxorubicin, epirubicin, idarubicin, mitomycin C and cisplatin are some of the known chemotherapy
agents used in TACE (101). Burrel et al (112) and Malagari et al (113), reported relatively good outcomes
with use of doxorubicin DEB with median survival rate of 48.6 and 43.8 month, respectively. In the
PERCISION V trial, six month response rates were 52% in DEB-TACE vs 44% in cTACE indicating non-
inferiority of the DEB (107). Although there is no significant evidence from randomized control trials to
replace cTACE for DEB-TACE, the efficacy of DEB-TACE for cTACE-resistant advanced HCC is promising
(109).

The superiority of combined treatment of TACE and radiofrequency ablation (RFA) has been
demonstrated in multiple randomized control trials (114, 115). Patients undergoing combined cTACE
and RFA treatment had significantly better overall survival and recurrence-free survival than patients
treated with RFA alone. This combined treatment can be considered as an alternative to surgical resection

where there is a high likelihood of operative complications or similar to resection or in difficult positions
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of the tumour when resection is considered (101). The combination of TACE with systemic therapy has
also been investigated in multiple trials (116-119). None of above trials showed any clinical benefit from

the combined therapy.

Ablation

Surgical resection and liver transplant are considered the standard curative therapies for HCC. When
surgery is not possible, local ablation can be used as an alternative curative treatment (120). Ablations are
most commonly performed percutaneously. Sometimes due to position of tumour (proximity to the

diaphragm, vital visceral structures and major vessels or bile ducts), surgical ablation can be considered.

While tumour size and location are well-proven factors regarding the procedure feasibility and tumour
control rate, tumour aggressiveness, the addition of a non-hypervascular hepatobiliary phase,
hypointense nodules on gadoxetic acid enhanced MRI was recently found to be an important imaging

biomarker related to survival after ablation (121).

Most commonly used ablation techniques for HCC are further categorized into thermal (Radiofrequency
ablation — RFA and Microwave ablation — MWA) (101, 122, 123) and chemical (ethanol injection). Less
commonly used ablation techniques are Cryo-ablation which is the other spectrum of thermal ablation

and Irreversible Electroporation (IRE). A summary of the different ablation modalities is shown in Table 7.
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Ablation Temperature Mechanism Advantages Disadvantages Outcomes
modality manipulation
Percutaneous No, Dehydration, Cost- Multiple LR:33% at 5
ethanol non-thermal induce coagulation, effective sessions years
injection (PEI) ischaemia required
Radiofrequen Yes, heat Alternating current  Improved Skin burn, HCC size <
cy ablation induction (460 kHz) between  surgical heat sink, bile  3.5cm, LR:
(RFA) probe and tissue, margins duct injury 14% at 5
induce coagulation, compared to years
ischemia PEI
Microwave Yes, heat Water vibration Synergy from  Declining HCC size >
ablation induction producing heat multiple efficacy for 5.0 cm, LR:
(MWA) (2400 MHz), induce probes allow HCCs>4.0cm, 50%
coagulation, for larger bile duct injury
ischaemia ablation
zones
Cryoablation  Yes, freezing Ice ball formation Ability to see | Bleeding/cryo  LR:23%at5
(CA) from freeze, tissue  ablation zone shock years
death (ice ball)
during
procedure
Irreversible No, non- Electric field alters  Preserve bile  Incomplete LR:32% at 3
electroporatio thermal cellular membrane, duct allowing cell death at years
n (IRE) disruption treatment of margins
exchange, cell central
death tumours

Table 7. Summary of ablation modalities and associated characteristics (124)

Legends. LR Local recurrence; HCC hepatocellular carcinoma

Percutaneous ethanol injection (PEI) was an influential technique established in the early 1990s. Direct
alcohol injection into small HCC tumour leads to cell dehydration, catalysing the coagulation cascade and
leading to a fibrous scar. Sometimes multiple injections over course of few weeks are required in the same
session if small calibre needles are used (124). The recommendation is usually for 4-6 treatment sessions

over a few weeks (125).

The effect of PEl is not as widespread with involvement of surrounding tissues like the thermal ablations
and surrounding satellite lesions can be missed during treatment. RFA has been shown to be superior to
PEl with 1- and 2-years local recurrence-free survival rates of 98% and 96% in RFA vs 83% and 62% in PElI,

respectively (124).
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Thermal ablation for HCC has an excellent outcome and is performed in a more minimally invasive manner
(121). RFA was developed in 1990 for the percutaneous treatment of HCC. RFA utilizes radiofrequency
alternating current to induce heat between the percutaneously placed probe and the surrounding tissues
ultimately leading to tissue coagulation necrosis and death. The best outcomes with RFA are seen with

HCC lesions less than 3.5 cm with local recurrence rate of 14% and survival rate of 64%. (124).

Multiple randomized controlled trials have compared RFA with surgical resection for early-stage HCC.
Results from these studies are contradictory (126). While studies from Chen et al (127) and Feng et al
(128) showed similar survival between RFA and surgery, Huang et al (129) and Liu et al (130) demonstrated
inferiority of RFA in terms of survival and local recurrence (126). A recent systematic review and meta-
analysis comparing liver resection with local ablation therapies for HCC lesions within the Milan Criteria
showed that liver resection was superior to RFA in terms of recurrence free survival and incidence of local
recurrence. Moreover, liver resection was associated with better oncologic outcomes than MWA or RFA

plus TACE (131).

Microwave ablation has recently gained popularity around the world because of its intrinsic advantages
of faster ablation with high temperature and less susceptibility to the heat-sink effect when compared to
RFA (121). MWA was originally developed in the 1970s as an adjunctive surgical technique to help control
bleeding during surgical hepatectomies. Using energies along the microwave spectrum, this ablation
modality disturbs water within the tumour and immediately adjacent surrounding tissues to generate

extreme heat that ultimately causes coagulation and cell death (124).

Beside the heat-sink effect, MWA causes less skin burns as it does not uses a grounding pad. Larger zones
of ablation can be done with MWA by placing multiple probes close to each other and creating a
synergistic effect (124). A complete pathological response can be found in approximately 80% of cases of

HCC (size between 5-7 cm) treated with MWA (124, 132).

Multiple studies have compared MWA and RFA (133-137). A meta analysis of 16 studies involving 2,062
patients by Huo et al (133) compared MWA vs. RFA. Few of the included studies showed better 6-year
survival with MWA, while collectively there was no difference in 1-5 year overall survival, disease free
survival, local recurrence and adverse events. A more recent meta-analysis showed similar therapeutic
effects with MWA and RFA (135). In a randomized controlled trial by Yu et al (134), MWA was found to be

superior with a higher thermal efficacy. The reported therapeutic outcomes of MWA for HCC were
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promising with technical success rates ranging from 88% to 95%; progression-free survival rates of <92

and 5-year survival rates ranging from 43% to 60% (121, 134).

Resection

Curative treatment of HCC such as liver resection, liver transplantation and ablation can have a good
outcome for the patient. Overall 5 year survival rates can reach to 50-70% if patients are diagnosed at an
early stage (138). While liver resection is one of the main curative options for early HCC in patients with
cirrhosis, it is considered the treatment of choice in non-cirrhotic HCCs eligible for resection. The absence
of cirrhosis allows for larger and more complex resections, with recorded morbidity and mortality rates

of 4 and 33%, respectively after major hepatic resections (139).

A comparison between anatomical and non-anatomical liver resections shows discrepant results.
Theoretically, anatomical liver resections should improve clinical outcomes by reducing the risk of satellite
distribution through the anatomical pedicle. This can explain the high local and liver recurrence rate which
is as high as 80% in some patients. (4). The advantage of surgical resection is the availability of a
histopathological specimen which can predict the recurrence such as microvascular invasion and/or

satellite lesions (8). Adjuvant therapy with Sorafenib has not shown to be beneficial (140).

The aim of surgical resection is to achieve complete resection with negative margins while preserving as
much liver volume as possible, thereby minimizing the risk of post-hepatectomy liver failure (PHLF) (141).
Eligibility for resection is determined by tumour burden, liver function, extent of hepatectomy, expected
volume of future liver remnant, presence of portal hypertension and other co-morbidities (8, 139). Figure

6 summarizes and compares different guideline criteria for HCC liver resection (138, 142, 143).
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[ EASL guidelines I [ AASLD guidelines ‘ [ APASL guidelines
No extrahepatic spread No extrahepatic sproad No extrahepatic spread
Tumor burdens No macrovascular invasion Solitary tumor <5 cm Resectable tumor regardiess
Solitary nodule withiwithout vascular invasion vascular invasion, number
Regardiess tumor size Mulifocal tumor, none >5 cm and tumor size
Liver function ‘ Chilg-Pugh A Child-Pugh A Child-Pugh A and B
MELD <10

'
X Expected volume of the future liver remant :
Volume of the future ’ >25-30% in the absence of severe fibrosis

>40% in case of cirhosis

liver remnant if the future liver remnant is too small, performing portal vein embolization + TACE should
be parformed
1]
Portal hypertension CSPH Is not an absolute contraindication for LR but must be evaluated with consistent technics and
balanced with the extension of the LR and the liver function
p— ]
Performance status ‘ Older age is not a contra-indication
Comorbidities Adequate performance status and absence of major comorbidities

Figure 6. Current indication for liver surgery according to EASL, AASLD and APASL guidelines (139)

Previously, the resection criteria for cirrhotic HCC in western countries were defined as a single tumour,
bilirubin <1 mg/dl with no portal hypertension. The overall survival in these patients was close to that of
liver transplantation (5-year overall survival of 74% for liver resection and 69% for liver transplantation).

In recent years, the criteria for resection has expanded (139).

The Child-Pugh score is calculated pre-operatively to estimate the liver function. Patients with a Child-
Pugh score of B or C are considered high risk for surgery and may have liver failure even after a minor
hepatectomy (139). The model for end-stage liver disease (MELD) score was recently incorporated into
the EASL guidelines (138). Scores of 9 and above are associated with low overall survival post liver
resection (144). The Aloumin and Bilirubin (ALBI) score, Indocyanine green (ICG) clearance and ultrasound-

based assessment of liver stiffness are other models used to assess functional status of the liver (4)

Clinically significant portal hypertension (CSPH) is defined as a Hepatic Venous Pressure Gradient (HVPG)

>10mmHg and is considered to be a predictive factor for liver failure and death post liver resection (4,
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139). Indirectly, the presence of portal hypertension is based on the presence of varices, splenomegaly
and a low platelet count of <100,000 per pl (4). In CSPH, the extent of surgery is proportionate to the
degree of post resection liver decompensation with mortality rates reaching 25% after major

hepatectomies vs. 9% in minor hepatectomies (139).

Once the diagnosis of HCC is made, staging and a clinical decision assessment of the patient’s performance
status and presence of other co-morbidities is important. Metabolic syndrome, cardiovascular and
respiratory diseases can influence surgical decision making as these are associated with higher post-

operative complication rates (139).

When a HCC lesion is 22 cm, consensus from all guidelines are for liver resection as the first line of
treatment. Differences in guidelines come when the tumour is found to be <2cm in diameter. While EASL
and APASL guidelines prefer RFA as first line of treatment, liver resection remains the first choice in AASLD
guidelines if feasible. When liver resection was compared to RFA, both had similar overall survival (139).

RFA was associated with lower cost (139).

A small volume of future liver remnant (FLR) can result in PHLF and death, especially in cirrhotic patients.
Different mechanisms have been reported for pre-operative augmentation of the FLR. Portal vein
embolization (PVE) will aid in re-directing the portal flow to the FLR and liver hypertrophy. This process
can take up to 4-6 weeks (145). The addition of sequential TACE to PVE has been proposed to prevent
tumour growth between PVE and liver resection (139). This is associated with greater hypertrophy and

longer DFS compared to PVE alone in retrospective studies (139, 146, 147)

High-dose trans-arterial radioembolization (TARE) of the portion of the liver to be resected induces
atrophy of the treated lobe and compensatory growth of the FLR. Radio-embolization effect usually takes
longer time (approximately 3 months) compared to PVE but has the advantage of treating the tumour at

the same time (141).

Associated liver partition and portal vein ligation for staged hepatectomy (ALPPS) consists of right portal
ligation and in situ splitting of the liver parenchyma (Stage 1), followed by completion of the hepatectomy
(Stage 2) (139). The process of hypertrophy is very short, taking about 7-12 days (141). 90 day mortality is
high with ALPPS and is estimated to be between 11 and 31% (139, 141). When ALPPS was compared with
PVE, although higher resection rate was seen in ALPPS, but the short and long term outcomes were

comparable with PVE (141, 148)
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Surgical technigues

The various types of liver resection can be classified into anatomical and non-anatomical liver resections
with further subclassification of anatomical into minor and major resection. Anatomic resection is defined
as any type of complete excision of at least one segment based on Couinaud’s classification containing
the tumour together with the related portal vein branch and the corresponding hepatic territory (figure
7), while non-anatomical resection is defined as local resection or enucleation without regard to

Couinaud’s segmental or sectoral structure (149, 150).

A systematic review and meta-analysis by Sun et al. advised an anatomical liver resection in HCC for well-
preserved liver function especially if microvascular invasion was likely. Anatomical liver resection was
found to have higher rate of overall survival and disease free survival (149). Anatomical liver resection is
associated with slightly higher operative time compared to non-anatomical resection, whereas post-
operative complications, blood loss and intra-operative transfusion rates were comparable in both groups

(149).

Several types of abdominal wall incisions can be used for a liver resection and depend ultimately on the
tumour size and anatomical location and the surgeon’s preference. The traditional incision is a bilateral
subcostal incision with an upward midline extension if needed. A J-incision is another commonly used
incision which provides good liver exposure and can be extended into thoracic cavity if needed. In cases

of a small liver resection, an upper midline laparotomy may be sufficient (151).
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Figure 7. Anatomical classification of hepatectomy (152)

4A. Minor liver resection, nomenclature for second-order division anatomy; 4B. Minor liver resection,
nomenclature for third-order division anatomy (for clarity, segments 1 and 9 are not shown in the
image); 4C. Major liver resection, nomenclature for first-order division anatomy; 4D. Major liver

resection
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The hepatectomy starts by mobilizing the “to be resected” liver segments for proper exposure by
dividing the attachments including the coronary ligaments (figure 8). Once the liver is fully mobilized,
the hilar dissection can progress followed by transection of the liver parenchyma from the anterior
surface towards the IVC along the principal planes. Lastly, the hepatic veins are ligated and divided the
specimen is removed (153). A hanging manoeuvre for parenchymal dissection has been described by

Belghiti et al. (154), where a tape passes between anterior surface of IVC and liver.

Posterior layer of lesser omentum

a
Upper layer of coronary ligament Anterior layer of lesser omentum
Oesophagus
Inferior vena cava | Greater omentum
Left triangular
ligament
Right lobe- Left lobe
Ligamentum teres in falciform ligament
Gallbladder
b Upper layer

Left triangular Falciform Caudate Inferior of coronary Bare
ligament ligament lol vena cava  ligament  area

_ Right lobe

Gastric surface
(left lobe)

Lesser omentum

Ligamentum teres
Quadrate lobe
Porta hepatis
Caudate process |
Gallbladder

Lower layer of coronary ligament
Renal surface  Right triangular ligament

Figure 8. Attachments and relations of the liver (155) a. anterior liver, b. posterior liver
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Blood loss and a peri-operative transfusion can have negative impact of the patient, and therefore various
techniques have been described to reduce blood flow during liver surgery (Table 8). The Pringle
manoeuvre is the oldest and simplest way to reduce blood loss during hepatectomy. This is achieved by
encircling the hepatoduodenal ligament with vascular tape or a vascular clamp. The Pringle manoeuvre
can be applied continuously for up to 60 and 30 minutes in the non-cirrhotic and cirrhotic liver,
respectively. Intermittent clamping (inflow clamp for 15-20 minutes followed by 5 minutes of clamp
release) can extend the clamping period if needed. While there is no difference in total blood loss and
volume of blood transfusion between continuous and intermittent Pringle manoeuvre, a cirrhotic liver

tends to tolerate continuous Pringle manoeuvre poorly (153).

Occlusion of liver inflow Non-selective - Continuous Pringle manoeuvre
- Intermittent Pringle manoeuvre

Selective - Hemi-hepatic vascular occlusion
- Segmental Vascular occlusion
Occlusion of liver inflow and - Total hepatic vascular exclusion (THVE)
outflow - Hepatic vascular occlusion with preservation of Caval flow

(interruption of venous backflow)

Control of CVP (<5 cm H20)

Table 8. Various vascular occlusion techniques to reduce blood loss during liver resection (156)

Complete control of bleeding is not achieved by a Pringle manoeuvre alone as there will be back bleeding
from the liver parenchyma with the added disadvantage of ischaemic reperfusion injury to the remnant
liver parenchyma. On the other hand, this is very well tolerated by the patient as there are minimal
haemodynamic changes (153). Ischaemic reperfusion injury can be minimized with the use of ischaemic
preconditioning (IP). This technique is based on a short period (10 minutes) of hepatic perfusion clamping
followed by an equivalent period (10 minutes) of reperfusion before the start of a prolonged continuous
Pringle manoeuvre (157), first described by Clavien et al (158). The use of allopurinol, acetylcysteine,
adenosine, intervention in the inflammatory cascade and in situ cooling of the liver under total hepatic

exclusion are other known techniques that minimize ischaemic reperfusion injury (156).

Selective vascular control can be approached extra-hepatic or intra-hepatic. The first extra-hepatic
approach was described by Lortat-Jacob et al. while performing a right hepatectomy (159). In this

technique, the free edge of the lesser omentum is opened, the portal triad is identified and followed untill
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their divisions with division and transection of the appropriate side. The hepatic veins can be easily
identified and transected extra-hepatically (160). Intra-hepatic vascular control entails dissection of the
anterior surface of the liver until the pedicle is reached which is then divided (161). This technique can be
associated with considerable bleeding as there are no identifiable boundaries and pedicle control is done
after parenchymal dissection (160). Total hepatic vascular exclusion (THVE) reduces blood loss by
occluding inflow and outflow. This technique mitigates the risk of retrograde bleeding and reduces the
risk of air embolism. However THVE is technically more difficult necessitating full liver mobilization with
exposure of inferior vena cava (IVC) (162). The biggest disadvantage of this technique is the severe
haemodynamic compromise of the patient and approximately 15% of patients cannot tolerate the
procedure (163). A low central venous pressure (CVP) of < 5cm H,0 is advised for safe liver resection.
Higher CVP pressures will result in increasing blood loss as a consequence of high hepatic vein pressure
(156, 164). This can be achieved by combination of posture change, fluid restriction, diuretics, vasodilators

and anaesthetic agents (165).

Finger fracture (166) or Kelly clamp crushing (167) has been the standard technique for transection of
liver parenchyma in the past (165). With new advances in technology, specific instruments have been
developed to aid in parenchymal dissection such as ultrasonic dissector, water jet, Harmonic Scalpel
(Harmonic Scalpel, Ethicon Endo-Surgery, Cincinnati, OH, USA), Ligasure (Valley Lab, Tyco Healthcare,
Boulder, CO, USA) and Tissue-Link (Tissue Link Medical, Inc., Dover, NH, USA) dissecting sealer (153, 165).
Staplers can be used in liver surgery for inflow and outflow control, parenchymal dissection as well as
transection of hepatic pedicles in major hepatectomies (168). A radiofrequency assisted device applies
radiofrequency energy to pre-thermocoagulate the liver parenchyma before parenchymal division
inducing coagulative necrosis around the probe (162). In a systematic review by Gurusamy et al., no
significant differences in mortality or morbidity (including bile leaks) were seen post-liver parenchymal
dissection irrespective of the method used (169). A meta-analysis of techniques of liver parenchymal
dissection reported more rapid and less blood loss with clamp crush technique otherwise the rest of the
techniques had a similar outcome in terms of mortality, morbidity, liver failure, intensive care/high care
stay and length of hospital admission (170). Radiofrequency liver resection is associated with greater
amount of tissue necrosis compared to other techniques (162, 171) leading to infections, hence it is

generally reserved for ablating liver tumours that are unresectable (162).

Between 20 to 80% of liver resections are done laparoscopically. The most favourable indications for

laparoscopic resections are solitary lesions, <5cm in diameter and in the periphery of segments 2 to 6 of
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liver (172). Laparoscopic liver surgery is divided into minor resections (non-anatomical wedge resection,
left lateral resections, and/or removal of anterior segments which include 4b, 5 and 6) and major
resections (right and left hepatectomies, trisectionectomy and resection of posterior segments including
1, 4a, 7 and 8) (173). Advances in technology and technical skills have led to more advanced laparoscopic
resections (173, 174). Depending on the type of liver surgery, the position of the port placement can differ
and depends mainly on the surgeon’s preference. Hepatic transection can be performed using either
electrosurgical devices with staplers reserved for larger structures, or staplers to divide parenchyma and
major structures without the aid of portal triad clamping. As in open liver surgery no single method of
parenchymal transection has been shown to be superior (172). Demarcation of the line of dissection post
portal vein ligation, can be difficult to reproduce in the laparoscopic surgery. Use of Indocyanine green
(ICG) can help in real-time identification of hepatic tumours and segmental boundaries, thus aiding in
navigation during laparoscopic liver surgery (175). Studies have shown reduced bleeding, decreased post-
operative morbidity and shortened hospitalization with laparoscopic surgery compared to open liver
resection, longer operative time in laparoscopic group and no change in long-term oncological outcomes

in either groups (139, 173, 176).

The introduction of robotic technology in the field of liver surgery makes technically difficult minimally
invasive surgical procedures such as posterior sectionectomy and tumours located in superior segments
4a and 8 more feasible (177). The system allows three-dimensional views of the operative field, has tremor
filtration capacity, and permits 7° of freedom which allow surgeons to dexterously perform delicate
dissections and precise intra-corporeal suturing (178). For experienced liver surgeons who are only
familiar with an open approach, the learning curve for robotic-assisted surgery may be less steep
compared with conventional laparoscopic surgery (179). In earlier studies, no significant difference in peri-
operative outcomes were reported when comparing robotic with laparoscopic surgery (178, 180). A
recent meta-analysis which compared laparoscopic and robotic liver surgery, found that robotic surgery
was associated with longer operative time, less blood loss and re-admission rates and had comparative
outcomes in terms of complications, blood transfusion and conversion rates (179). Rates of disease-free
survival and overall survival at 2 years have been reported to range from 72-84% and 94-98%,
respectively, in well-selected patients. Considering the cost of the robotic surgical devices compared to
laparoscopic equipment, robot-assisted procedures needs to be better described before applying this

technique for the treatment of HCC (139)
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Complications post hepatic resection

With advances in surgical techniques and a better understanding of the pathophysiology and function of
liver, morbidity and mortality from liver resection has reduced substantially. Current morbidity rates are
estimated to be around 20-45% with mortality rates of 2-4% (3, 181-184). Post-operative complications

have been defined by the modified Clavien Classification in 2004 which is shown in Table 9.

Grade Definition
Grade | Any deviation from the normal postoperative course without the need for
pharmacological treatment or surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics,
diuretics, electrolytes, and physiotherapy. This grade also includes wound
infections opened at the bedside

Grade Il Requiring pharmacological treatment with drugs other than such allowed for
grade | complications Blood transfusions and total parenteral nutrition are also
included

Grade lll Requiring surgical, endoscopic or radiological intervention

Grade llla Intervention not under general anaesthesia
Grade lllb Intervention under general anaesthesia
Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU
management
Grade IVa Single organ dysfunction (including dialysis)
Grade IVb Multiorgan dysfunction
Grade V Death of a patient

Table 9. The Clavien-Dindo Classification of Surgical Complications. (185)

*Brain haemorrhage, ischaemic stroke, subarachnoidal bleeding, but excluding transient ischaemic
attacks. CNS, central nervous system; IC, intermediate care, ICU, intensive care unit.

Post-operative complications result in a longer hospital stay and possibly poorer outcomes in oncological
liver resection (181, 186, 187). The exact reason for a worse long-term outcome post complications is not
clear. Various theories have been postulated. Some authors believe that severe complications may result
in a prolonged period of immunosuppression secondary to septicaemia, thus allowing further tumour
proliferation and a worse survival (186). The risk of complications post-surgery is related to the presence
of liver cirrhosis, operative time, blood loss, peri-operative transfusion and tumour size (182). A systematic
review of 72 papers by Longchamp et al evaluated the predictors of complications after liver surgery.
Considering the low evidence of available data and their impact, pre-operative ASA score, liver cirrhosis,
blood loss requiring blood transfusion and operative time were noted to be the most important factors

predicting higher complication rates (181). In another study done by Yanjie Hu in Western China, length
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of incision, BMI, operative time and bleeding were the factors correlating with post-operative

complications (3)

Haemorrhage, bile leak, liver failure, pleural effusions and surgical site infections are the most common
post-hepatectomy complications (183). The International Study Group for Liver Surgery (ISGLS) has
defined bile leak as “fluid with an elevated bilirubin level in the abdominal drain or intra-abdominal fluid
on or after post-operative day three or the need for radiological intervention (i.e. interventional drainage)
owing to biliary collections or re-laparotomy due to biliary peritonitis. The elevated bilirubin level in the
drain or intra-abdominal fluid is defined as a bilirubin concentration at least three times higher than the
serum bilirubin level measured at the same time”. The incidence of a bile leak is 3.6 - 12% in patients after
hepatectomy without biliary reconstruction and 0.4 — 8% in patients with biliary reconstruction post liver
resection (188-190). The placement of an abdominal drain and intra-operative blood loss especially more
than 500ml were independent risk factors for post-operative bile leak (182). Abdominal drain placement
is associated with higher detection of mild-moderate bile leak which possibly may not have any clinical
significance. Not placing a drain does not increase the need for post-operative intervention and major bile
leaks are not missed. In fact, it has been shown that routine placement of abdominal drains after
hepatectomy may be harmful (188). Most bile leaks are self-limited and no further intervention is
required. The International Study Group for Liver Surgery graded bile leaks from Grade A-C are detailed

in Table 10. The incidence of patients requiring further intervention for a bile leak is 1.7 — 3.2% (188).

Grade Definition
A Bile leakage requiring no or little change in patients’ clinical management
B Bile leak requiring a change in patients clinical management (e.g. additional diagnostic or

interventional procedures) but manageable without a re-laparotomy.
Or: a Grade A bile leakage lasting for > 1 week
C Bile leakage requiring re-laparotomy

Table 10. International Study Group for Liver Surgery (ISGLS) definition for biliary leak

Post hepatectomy liver failure (PHLF) is one of the most serious complications after a major liver resection.
The ISGLS defines PHLF as a postoperatively acquired deterioration in the ability of the liver (in patients
with normal and abnormal liver function) to maintain its synthetic, excretory, and detoxifying functions,

which is characterized by an increase in INR or a need for administering clotting factors to maintain a
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normal INR) and hyperbilirubinemia on or after postoperative day 5. If INR or serum bilirubin
concentration is increased pre-operatively, PHLF is defined as an increasing INR and increasing serum
bilirubin concentration on or after postoperative day 5, compared with the values of the previous day.
Other causes for the observed biochemical and clinical changes such as bile duct obstruction should be
excluded. The ISGLS grades of PHLF are shown in Table 11. The incidence of PHLF is higher after liver
resection for HCC and hilar cholangiocarcinoma (191). The reported incidence of PHLF ranges widely from
0.7 to 34% depending on the definition used (191-193). Risk factors for PHLF are mentioned in the Table
12.

Grade Description
A PHLF resulting in abnormal laboratory parameters but requiring no change in
the clinical management of the patient.
B B PHLF resulting in a deviation from the regular clinical management but
manageable without invasive treatment.
C PHLF resulting in a deviation from the regular clinical management and

requiring invasive treatment.

Table 11. ISGLS definition for PHLF

Patient related Age
Diabetes mellitus
Obesity

Liver related Cholestasis
Steatosis/cirrhosis
CALI

Surgery related Hypotension
Massive bleeding
Liver ischaemia
Remnant liver volume
Infection/sepsis
Portal hypertension

Table 12. Risk factors for post hepatectomy liver failure (194)

The occurrence and resolution of PHLF is closely related to optimum liver regeneration. The mainstay of
clinical management still remains early identification of PHLF and instituting general care of the critically
ill patient with the focus on organ support, sepsis control and provision of the optimal environment for

liver regeneration. (191).



53

The Centres for Disease Control (CDC) and Prevention define Surgical Site Infection (SSI) as a wound
infection that occurs within 30 days of an operative procedure or within a year if an implant is left in place
and the infection is thought to be secondary to surgery (195). SSl is common after all types of surgery and
is classified into superficial, deep incisional, and organ/space (182). Post-hepatectomy, organ/space SSI

rates of 4.7 — 25% have been reported (190).

Renal failure post-hepatectomy is closely associated with PHLF and hepatorenal syndrome and
haemodialysis can be used in selected patients. Ascites is commonly seen in patients with liver dysfunction
and cirrhosis post-surgery. Reducing the patient’s portal flow is the main focus of treatment which can be
achieved by medical management followed by more invasive approach. Bleeding is another common
complication and is secondary to inadequate haemostasis intra-operatively or secondary to a coagulation

abnormality. Respiratory disorders are less commonly seen (182).

Intra-operative blood loss

Bleeding is a common complication during liver resection. Intra-operative blood loss leads to
hemodynamic instability and relative ischaemia of the future liver remnant. This in turn can lead to
lymphocyte dysfunction and an immunocompromised status of the patient after significant blood loss
(196). Reported blood loss during major hepatectomies is reported to range between 200 and 2000 mls,

which is an independent predictor of morbidity and mortality associated with liver resection (197, 198)

Risk factors for bleeding are divided into pre-operative and intra-operative factors. These risk factors are

summarized in the Table 13 (199)

Peri-operative risk factors Intra-operative risk factors
Hb concentration < 12.5 g/dl Tumour characteristics (Type, size, location,
presence of vascular involvement)

Thrombocytopenia Extent of hepatic resection
Coronary artery disease Concomitant extrahepatic organ resection
Pre-operative biliary drainage Operative time

Presence of background liver disease,
eg. Cirrhosis

Table 13. Risk factors for bleeding (199)
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Co-ordination between the anaesthesiologist and surgeon is crucial in the management of intra-operative
blood loss. As there are strong associations between major blood loss and patient morbidity, it is of the
utmost importance to implement strategies to decrease blood loss and need for peri-operative blood

transfusion (197)

Reducing central venous pressure (CVP) is commonly used during liver surgery. CVP can be reduced by
several techniques, but the optimum technique is yet to be found (197, 200). A systematic review and
meta-analysis by Michael et al assessed the efficacy of lowering CVP during liver resection. In their study,
the authors found that lowering CVP can reduce intra-operative blood loss and need for transfusion and
this practice was encouraged. However, no impact was seen on improving outcomes in terms of morbidity

and hospital stay (200).

Portal pedicle clamping was first described by J.H. Pringle in 1908 (201). The ‘Pringle’ manoeuvre involves
manual temporary occlusion of the hepatic portal venous and arterial inflow. Most commonly
intermittent compression is performed for 10-20 min with release of occlusion for 5 minutes (199). The
effect of intermittent Pringle Manoeuvre (IPM) has been evaluated in a number of studies. It is believed
that safe liver surgery can be done without need of IPM. A drawback to IPM is liver ischaemia and
reperfusion injury which can trigger the oxidative stress cascade resulting in immune response and
inflammation leading to more liver cell damage and post-operative complications (202). IPM not only does
not affect significant blood loss or need of blood transfusion, studies have shown that it can adversely

result in post-operative ascites and pleural effusion. (202)

The Pringle manoeuvre controls liver blood inflow but does not affect the outflow and can still result in
bleeding from hepatic vein backflow. Selective hepatic vascular exclusion (SHVE) can selectively isolate
the inflow and outflow to the liver without compromising the blood supply of the future liver remnant.
More precise dissection is needed with SHVE. A recent meta-analysis compared Pringle manoeuvre with
SHVE. The result showed a significant reduction in mortality, overall complications, blood loss, blood

transfusion, air embolism, liver failure and multi-organ failure when SHVE was used (203).

Intra and post-operative blood transfusion

Liver resection and transplant are curative procedures for liver malignancies. Blood loss is a major cause
of morbidity during liver resection and is treated with packed red blood cells (RBCs) transfusion. Different

studies with different timelines reported different percentages of blood transfusion post-hepatectomies.
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The National Inpatient Sample (NIS) which was carried out between 1998 and 2004 reported that 56.8%
of patients required a blood transfusion while the National Surgical Quality Improvement Program (NSQIP)
reported a lesser percentage of patients requiring blood transfusion (199). The latter study was done
between 2007 and 2012. This difference in the transfusion required can be attributed to more advances

in the surgical techniques and adopting more parenchymal sparing approach (204).

Blood transfusion is known to increase peri-operative morbidity (184, 199, 205). Reported complications
rates post-hepatectomy in patients with blood transfusion are 17-64% versus 5-33% in patients who did

not receive blood transfusion (199, 206).

Transfusion of packed red blood cells can have immunomodulatory effects on post-operative patients
making them more susceptible to infection and impairing anti-tumour activity. Transfusion can also result

in acute lung injury and other organ failures as part of their pro-inflammatory process (199).

Long term, blood transfusion is known to decrease the survival and increase risk of cancer recurrence
(206). This is believed to be multifactorial, not only related to post transfusion adverse effect but also to
be secondary to suboptimal resection in case of increase blood loss intra-operative. (199, 205). Recent
studies have contradicted the above observation. A study by Yamashita et al evaluated the survival impact
of blood transfusion during HCC liver resection. Yamashita et al used 11 propensity scores associated with
tumour-related factors, liver function such as Indocyanine green (ICG) and surgical factors such as blood
loss. Their retrospective study concluded that peri-operative blood transfusion did not influence survival
after hepatic resection for HCC (204). Their results were further supported by Tan et al who also concluded
that intraoperative blood transfusion had no significant impact on the survival outcomes in patients who

receive curative resection in primary HCC (207).

Transplantation

Liver transplantion (LT) is the best curative treatment in cirrhotic patients fulfilling transplantation criteria,
as transplantion can cure both the tumour and the underlying liver disease (139). Although initial studies
have shown disappointing results with high recurrence rates due to a lack of precise guidelines and
selection criteria (17, 208). Recent studies are in favour of better long-term survival post transplantation

for patients with chronic liver disease, limited HCC and no vascular invasion (209).
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In patients with small HCC that meet the Milan Criteria (single tumours <5cm or multiple tumours <3
nodules and <3cm), excellent long-term survival of more than 70% at 10 years and low recurrence have
been documented (209). The Milan criteria are still the safest and most commonly used for HCC liver

transplantion (210).

Restrictive criteria within Milan is a major disadvantage. With an increasing number of HCCs worldwide,
we are facing an increasing pressure of enlarging the donor pool and extending the criteria (Table 14) for
transplantation. Patients with HCC beyond the Milan criteria that still might benefit from liver
transplantation, can be managed in two different ways. The first is by using extended criteria while the
other is down-staging the lesion with the use of other treatment options to meet the Milan criteria (208).
While expanded criteria showed a subgroup of patients who may benefit from liver transplantion outside
the Milan criteria, the European Metroticket system (Figure 9) has shown “the further the distance, the

greater the price” (211).

Transplantation Tumour morphology Tumour Tumour grading Clinic
criteria biology
Milan Single nodule <5 cm or 3 - - =
nodules all £3 cm
UCSF Single nodule 6.5 cm or 3 - - -
nodules all £4.5 cm with
TTD <8 cm
Up-to-7 Biggest nodule diameter + - - -
number of nodules <7
TTV/AFP Total tumor volume <115 AFP <400 - -
cm? ng/mL
ETC Size: no limit; number: no - Biopsy of the No cancer
limit largest nodule related
not poorly symptoms
differentiated
Kyoto <10 nodules each <5 cm DCP <400 - -
mAU/mL

Table 14. Criteria for the selection of liver transplantation candidates among HCC patients (210)
HCC, hepatocellular carcinoma; UCSF, University of California San Francisco; TTV/AFP, total tumor

volume/alpha-fetoprotein; ETC, extended Toronto criteria; DCP, des-y-carboxyprothrombin.
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HCC “Metro Ticket” - The further the distance, the higher the price

Number of
nodules

| 75-80% | so7s% | 3sso% |
Expected 5-year Survival

Figure 9. HCC “Metro Ticket” (212)

Besides HCC, LT is considered the best treatment option for a wide range of other liver pathologies (210,
213) which requires high organ demand. Organ shortage and a long waiting list is associated with risk of
drop out due to tumour progression (139). The transplant community has placed strict criteria for liver
transplantation in order to prioritize patients based on their clinical condition in the waiting list. MELD
score is used to assess the urgency of transplantation in cirrhotic patients with an exceptional point given
to HCC patients to compensate for the time-related risk of progression of disease beyond treatment (210).
The most recent change in allocation policy mandates a 6-month observation period in HCC patients

before priority listing and a maximum score of 34 points (214).

Salvage transplantion has emerged as the new paradigm for patients with early HCC and compensated
liver cirrhosis (139). With organ shortage, salvage LT is an alternative and promising curative strategy for
HCC recurrence or deterioration of liver function after primary liver resection (139, 215). A recent meta-
analysis by Guerrini et al, showed that salvage LT offers comparable technical outcomes but slightly lower
survival outcomes with respect to primary LT (215). Better patient selection for the resection first
approach and early detection of recurrence may improve outcomes of salvage LT (216). When comparing
salvage LT with curative loco-regional therapy, systematic review by Wang et al., showed the superiority

of salvage LT (217).
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CHAPTER 3

RESEARCH STUDY

Hepatocellular carcinoma has become a significant public health concern in SSA and is now the second
leading cancer in men and the third for women, occurring in particular in young adults (3, 6).
Unfortunately only a small proportion of patients in SSA with HCC are treated with curative intent. Data
are scarce, but studies consistently report that curative-intended treatment is pursued in less than 1% of
patients in SSA with HCC. Fibrolamellar carcinoma (FLC) was until recently regarded as a variant of HCC
occurring in young patients with a relatively good prognosis but is now recognized as a distinct clinical

entity with consistent chimeric fusion protein (DNAJB1-PRKACA) expression by FLC tumours (7).

The optimal treatment of HCC and FLC is influenced by the stage of the disease, the degree of liver
impairment, and patient performance status. Currently, the therapeutic strategy is based on international
guidelines and the Barcelona Clinic Liver Cancer (BCLC) staging system in which potentially curative
treatment for early-stage HCC includes resection, transplantation and ablation. Surgical resection is the
treatment of choice in patients without cirrhosis and in those with cirrhosis and well-preserved liver
function. Despite advances in surgical techniques and perioperative care, hepatectomy remains a high-
risk surgical procedure with complications occurring in up to 40% of liver resections. This adds a significant
burden to individual patients by adversely affecting quality of life and increasing length of hospital stay,
readmission rates, and healthcare costs. Recurrence, despite curative-intent treatment, occurs more
often in patients with tumour multifocality, tumour size 25 cm, macroscopic vascular or microscopic
lymphovascular invasion, elevated alfa-fetoprotein levels and impaired liver function. Previous
publications from our unit have reported earlier data on resection for HCC and FLC. This study assessed
the peri-operative outcome and survival of patients with HCC and FLC following curative liver resection at

a tertiary referral centre in South Africa.

Patients and Methods

Patient Selection

The prospective database in the Surgical Gastroenterology and Hepatopancreatobiliary (HPB) Unit at
Groote Schuur Hospital was used to identify patients who underwent liver resection for histologically

confirmed hepatocellular carcinoma at Groote Schuur Hospital and the University of Cape Town Private
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Academic Hospital between January 1990 and December 2021. Clinical information was collected from
the database, hospital files and laboratory and pathology reports. Patient demographics, imaging studies,
surgical procedures, postoperative morbidity and histopathological details of the resected specimens
were reviewed. Data analysis included and compared the three histological HCC subtypes, those occurring
in a (i) normal liver, (ii) cirrhotic liver (iii) fibrolamellar variant. The Brisbane 2000 nomenclature was used
to define the segmental extent of the resections and the expanded Accordion classification of surgical
complications (218) was used to score surgical outcomes (219). This study was approved by the University

of Cape Town Human Research Ethics Committee (HREC REF: 131/2022).

Radiologic assessment

The major imaging modalities used in the diagnosis in this study included transabdominal ultrasound (US)
and triple- or four-phase contrast-enhanced CT (CE-CT) for tumour detection and characterization and
segmental orientation, depiction of biliovascular anatomy and assessment of tumour encroachment on,
or proximity to, vital vascular and biliary structures. Detailed volumetry was performed in patients with a
marginal future liver remnant (FLR). When necessary, MRI (MRI) was performed with MRI contrast agents,
including gadopentetate dimeglumine (Magnevist®) and Gadoxetate disodium (Primovist®) (Bayer

Schering Pharma, Berlin, Germany) used at the discretion of the radiologist.

Surgical Technique

Details of the operative technique have been described previously (10-13). In patients with a FLR <25% of
the total functional parenchymal volume a portal vein embolization (PVE) was performed to increase the
size of the FLR. In brief, patients were explored through a subcostal incision positioned in relation to the
tumour and the liver segments to be resected. For large or central tumours a bilateral subcostal incision
with a vertical midline extension to the xiphoid cartilage was used. The costal margins were elevated using
an Omni-tract® or Thompson® fixed body wall retractor. Intraoperative US was used to define the
relationship of the tumour to vascular structures including portal pedicles, hepatic veins and the inferior
vena cava (IVC). Mobilization of the liver by division of the peritoneal attachments was performed as
appropriate for the planned resection. For right-sided sectoral resections and hemi-hepatectomies, the
relevant hemi-liver was fully mobilized, including exposure of the extrahepatic hepatic veins and
retrohepatic IVC. At the discretion of the surgeon and when applicable and possible, selective control of

the vessels supplying the resected liver (portal vein and hepatic artery) was achieved. After the desired
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demarcation line was demonstrated by temporary occlusion of the vessels, the vessels were transected
and after having been secured by suture ligation or linear stapler. The plane of the planned parenchymal
transection was marked on the liver surface using diathermy and parenchymal transection was performed
using a Cavitron Ultrasonic Surgical Aspirator (CUSA®). Haemostasis was secured using argon beam
coagulation and suture or Ligaclip® ligation for larger vessels. Vascular inflow control was used selectively
in cycles (application for 20 minutes and release for 10 minutes). As a rule the hepatic vein(s) were
transected after the parenchymal resection or when there were signs of venous back-bleeding, usually
when a sufficiently low CVP could not be achieved, during the transection. On completion, the transected
liver surface was inspected for bile leaks and sealed using Tisseel®. The resection area was routinely
drained using closed silastic suction drains. Intermittent calf compression stockings and subcutaneous

Clexane (40mg daily) were used as deep vein thrombosis prophylaxis.

Anaesthetic management

For anaesthesia a defined institutional protocol for LR was used. Radial artery and central venous
catheters were inserted and arterial and central venous pressures (CVP) were continuously measured. IV
fluids were restricted to 1-1.5 mL/kg/h during the extrahepatic dissection with a target CVP <5cm H20
during parenchymal transection to minimize hepatic venous congestion and reduce blood loss. On
completion of the parenchymal transection, the cumulative fluid deficit was replaced to replenish the

intravascular volume and preserve renal function.

Statistical analyses

The data were analysed using Stata version 11 (StataCorp. 2009. Stata: Release 11. Statistical Software.
College Station, TX: StataCorp LP). For bivariate analysis, the Pearson chi square or Kruskal-Wallis tests
were used for categorical variables, and the non-parametric Wilcoxon rank-sum test for numerical
variables. Univariate and multivariate logistic regression models were used to evaluate the odds ratios
(OR) and 95% confidence intervals of clinical variables (while excluding collinearity). All statistical tests
were two-tailed and a p-value <0.05 was considered statistically significant. Descriptive statistics as
appropriate were used to present clinical and treatment characteristics and outcome of the study

subjects.
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Results

A total of 601 elective liver resections were performed during the study inclusion period of which 48 (8%)
were the primary operation for HCC or FLC. During the same period 529 patients with a confirmed
diagnosis of HCC were assessed in the unit of whom 40 (7.6%) were resected. Twenty-five resections (52%)
were performed for HCC in non-cirrhotic livers, 15 (31%) in patients with cirrhotic livers and 8 (17%) for
FLC. Patient demographics and operative details are shown in Table 15. The median age of the total cohort
was 48 years (range 17-79), the majority of whom were men (62.5%). The viral status was known in 32
patients of whom 13 (27%) had chronic hepatitis B infection, eight in the non-cirrhotic and five in the
cirrhotic groups, and one had hepatitis C. Seven patients (15%) had pre-operative radiological
intervention, of whom six had trans-arterial embolization (TAE) [bland embolization n=4; trans-arterial
chemo-embolization (TACE) n=2] and one had a portal vein embolization (PVE). Thirty-six (75%) major
resections were performed. The median operating time was 240 min (range 120-570), median blood loss
was 725 ml (range 80-2500) and intra-operative blood transfusion was required in 13 patients. Two of the

12 minor resections required a blood transfusion.



62

Total Non-cirrhotic livers Cirrhotic livers Fibrolamellar carcinoma
n=48 n=25 n=15 n=8
(52.1%) (31.2%) (16.7%)
Male 30 13 12 5
Female 18 12 3 3
Age 48 49 51 22
median 18-79 21-79 18-74 19-67
range
No of range 1-5 range 2-5 range 1-4 range 2-5
segments | median 3 median 3 median 3 median 3
resected
Surgery range range 120-570 range 120-480 range 185-295 median 233
durationin | 120-570 median 245 median 195
minutes | median
240
Estimated | range 80- | range 80-2500 range 300-1800 range 300-1500
intra- 2500 ml median 700 median 800 median 850
operative | median
blood loss | 725 ml
in ml
Intra- 13 7 4 2
operative
blood

transfusion

Table 15. Patient demography and operative details

Post-operative outcomes are summarized in Table 16. The median post-operative hospital stay for the

whole cohort was eight days (range 5-32 days), nine days (range 6-32 days) in patients with complications

compared to eight days (range 5-24 days) in patients without complications. Sixteen patients (33%)

developed Accordion grade 1 to 4 complications. The highest complication rate (50%) occurred in

resections for FLC. The most frequent complications were bile leaks (n=5) and intra-abdominal collections
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(n=4), followed by wound infection (n=3), pneumonia (n=2), and acute kidney injury (n=2). Two of the
patients with bile leaks were treated conservatively with spontaneous resolution, two underwent ERCP
and stenting and one had percutaneous aspiration of a biloma. Two patients required re-exploration, one
for bleeding and another for a subphrenic collection which was not amenable to ultrasound-guided

percutaneous drainage. There was no in-hospital or 30-day mortality.

Thirty-three patients (68%) developed recurrence of HCC following their initial resection of whom 29
ultimately died. The most common site of recurrence was the liver which occurred in 29 (60%) patients,
five of whom also had extra-hepatic metastatic disease (lung, lymph nodes, omentum, abdominal wall
and vertebrae). Four patients (8.3%) had only extra-hepatic metastatic recurrence. One patient had a
repeat resection of a segment 4 recurrence one year after the initial right hemi-hepatectomy. A year later,
she had percutaneous US guided microwave ablation of a left liver recurrence and remains disease-free

five years later.
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Total HCCin non- HCC in cirrhotic Fibrolamellar
n=48 cirrhotic livers livers carcinoma
n=25 n=15 n=8
(52.1%) (31.2%) (16.7%)
Days in ICU 46 patients 23 patients 15 patients 8 patients
range 1-6 days range 1-6 days range 1-6 days range days

Days in hospital

range 5-32 days

median 8 days

range 5-32 days
median 10 days

range 5-24 days

median 7 days

range 6-21 days

median 8 days

Post-operative 16 (33%) 8 (32%) 4 (26.6%) 4 (50%)
complications
Accordion severity
grading
1 5 2 2 1
2 3 1 1 1
3 6 3 1 2
4 2 2 - -
5
6

Table 16. Post-operative outcome in 48 patients undergoing liver resection

Thirty-three (69%) patients have died (29 due to recurrence and four due to other causes) at a median
of 952 days (range 51-5740) (median: 31.7m) Median overall survival (OS) for the total cohort after
surgery was a median of 57.2 months, 95% Cl [29.7 - 84.6]. At three years the overall survival was 58%,
and at 5 years was 48% (Figure 10). Patients with a normal liver had a median survival of 64.2 months,
95% Cl [29.7 - 84.6], for patients with FL HCC 61.9 months, 95% Cl [28.1 - 95.6] and patients with a
cirrhotic liver 31.7 months 95% CI [1.5 - 61.8]. The overall comparison of the three groups was not

statistically significant, P= 0.275 (Figure 11).
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Figure 10. Kaplan-Meier for overall survival of the total cohort
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and fibrolamellar carcinoma
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Discussion

Hepatic resection is the most widely used method for curative intended treatment of HCC and FLC (4, 5,
7). In this retrospective cohort analysis of 40 liver resections performed for HCC and eight for FLC, there
was no in-hospital or 30-day mortality, although one-third of patients had one or more post-operative
complications. Major resections were performed in 75% of patients, a quarter of whom required an
intra-operative blood transfusion. On long-term follow-up 33 (69%) patients developed recurrent
disease, predominantly in the residual liver. Median OS was best in patients who had HCC in non-

cirrhotic livers, followed by patients with FLC and worst in patients with HCC in cirrhotic livers.

Of salient interest in this series was that more than 60% of the resected HCCs were in patients with non-
cirrhotic livers, likely due to the oncogenic pathway of chronic HBV infection causing HCC in younger
patients, which differs from the predominantly cirrhosis pathway seen in low incidence regions (220,
221). Like sub-Saharan Africa, Asia is also known to have HBV as their primary risk for HCC in controversy
to HCC in North America, Europe, Japan and Egypt which is mainly secondary to HCV (1). Multiple
studies in Asia have been done comparing the prognosis of HBV related HCC between young and elder
patient. Some authors found better long term outcome in young patients (222, 223), while others
reported more advanced tumour factor and poorer prognosis (224, 225). The most recent multicentre
study in China indicated better liver function and more aggressive tumour with worse prognosis in
younger age groups (226). Given that over 70% of HCC cases in developing countries are linked to HBV,

the pressing challenge now is to guarantee the availability of the vaccine in these regions (227).

Most patients in SSA present late with advanced disease when cure is not possible and there is evidence
that HCC in SSA follows a more aggressive course than elsewhere (228). Comprehensive international
multicentre retrospective studies have compared HCC outcome in Egypt and SSA (229). Patients in SSA
were diagnosed with more severe liver dysfunction (Child-Pugh scores B and C 64% vs. 93%), worse
Eastern Cooperative Oncology Group performance status (ECOG 2-4 15% vs. 67%), and advanced BCLC
stage (BCLC stage D 7% vs. 72%). In total, Africa has 102 establishments that provide cancer treatment,
with 38 located in South Africa (230). Lack of enough tertiary facilities, proper HCC surveillance, absence
of trust in health system and poor seeking health behaviours in SSA can be all attributed to the worse

outcome of the disease (6, 231, 232).
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Eight (16%) patients in this study had FLC, a tumour typically affecting a younger age group without
underlying liver disease. These tumours display a unique histological pattern distinctly different from HCC
and were designated with a unique WHO classification number in 2010 (82, 233). Several factors in FLC
are associated with a poor prognosis include lymph node metastases, multiple tumours, metastatic

disease at presentation, and vascular invasion (82).

Despite advances in surgical technique and perioperative management which have reduced mortality and
morbidity rates for HCC and FLC resection, one third of patients in our study had postoperative
complications. In large published series from high-volume referral centres operative mortality rates of less
than 3% are reported, however post-operative complication rates remain substantial and exceed 35% (75,
234). Risk factors for postoperative morbidity include underlying liver dysfunction, a small liver remnant
volume, major blood loss, perioperative transfusion and underlying co-morbidities. In most series, a blood

transfusion was necessary in less than 10% of resections (75, 234).

Although the 5-year overall survival following surgical resection within the Barcelona Clinic Liver Cancer
(BCLC) criteria is around 70%, a main drawback of resection is the high incidence of tumour recurrence in
the liver, which occurs in up to 80% of patients (4, 235). The overall three- and five-year survival rates in
this study were 58% and 48% which is in sharp contrast to survival reported in contemporary Asian series
(236). A systematic review and meta-analysis study by Hassanipour et al. (236) evaluated the survival rate
after liver resection in Asian countries. A total of 63 studies were included and the one-year, three-year
and five-year survival rates of LC were 34.8 % (95 % Cl; 30.3-39.3), 19 % (95 % Cl ; 18.2-21.8) and 18.1 %
(95 % Cl;16.1-20.1) respectively.

Differences in the development of countries can be attributed to different incidences of death from cancer
between different counties (237). Human Development Indices and Indicators (HDI) has been used as
guide and is a relative measure of life expectancy, education, quality and education level, and in general,
is the living standards in human societies (236). Studies have confirmed the relation between HDI and the
cancer survival (237-240). Although the overall survival rate in the systematic review and meta-analysis
of Asian series were lower than our study, specific countries with high HDI such as South Korea and Japan

had a high survival rate similar to advanced countries such as Europe and North America (236).

The results in terms of long-term survival however vary considerably among series because of variation in

resection criteria. Resection outside these criteria result in lower survival rates, but some patients will
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benefit from 5-year OS rates in excess of 50% (4, 241). The majority of patients in this study fell outside
the resection criteria of the BCLC staging system. In our cohort OS for FLC and HCC occurring in non-
cirrhotic livers were similar, with a trend of worse survival in HCC occurring in cirrhotic livers. In our study
HCC recurred in 33 patients, most commonly involving the liver, but five had associated extra-hepatic
metastases. The most powerful predictors of recurrence are the presence of vascular invasion and/or
additional tumour sites besides the primary lesion. Risk factors for poor survival after HCC recurrence
include histologically poorly differentiated tumours, tumour multifocality, large size (=5 cm), vascular

invasion, high preoperative AFP levels, R1 resection, and the presence of impaired liver function.

Accurate data on outcome after HCC resection in SSA are scant. A literature search for HCC in PubMed,
PubMed Central, Scopus Web of Science, Africa Wide and the Cochrane databases up to September 2022
identified only four papers that provided specific outcome after HCC resection apart from the published
studies from our unit (11, 242). Of these four, two were from Nigeria (243, 244), and one each from Sudan
(245) and Uganda (246) (Table 17). The Muhammad study from Nigeria included 35 patients all of whom
had ruptured HCCs and only 3 had a major liver resection (243). In the Enwezor study five of 60 HCC
patients underwent a resection with a 60% operative mortality and 0% survival at 26 months (244). The
Harrison study from Uganda reported that only ten of 120 patients underwent resection with a 20%
operative mortality rate (246). In the study from Sudan 44 patients with HCC had resections [major (>3
liver segments) n=8; moderate (1-3 segments) n=4; minor<1 segments n=32)] with a major complication

rate of 36.4% and a 30-day operative mortality of 9.1% (245).

This study has several specific limitations. Despite the fact that the data generated are from a high volume
tertiary academic centre, patient numbers are small and may reflect an inherent referral, selection and
treatment bias. A further limitation is that our study included patients who underwent a liver resection
over a period of 30 years, during which time changes in operative techniques and perioperative
management may have affected post-operative morbidity rates. A strength of this study is the prospective
documentation of a robust dataset conducted in a single centre using uniform criteria in consecutive
patients providing reliable granular data. Although this study may not completely reflect the population
of patients treated at all tertiary referral centres, the analysis provided data not typically collected or
available in large administrative databases. Because data about resections for HCC in SSA and reports on

outcome after surgery are limited, this study provides important and very relevant missing information.
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In conclusion, hepatic resection is the treatment of choice in patients with resectable HCC. A major
concern in this study is the low resection rate of 7.6% of all patients presenting with HCC. Resection was
safe with no mortality but despite applying optimal surgical techniques and peri-operative care one-
third of patients had associated post-operative morbidity. The high long-term recurrence rate remains a

major obstacle in achieving better survival results after liver resection.
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Author Country  Study No. of Mean / Main Liver HCC treatment Outcome
of Study Period patients Median aetiology  Cirrhosis
(males) age of HCC
(females) (range) yr.
Muhammad Nigeria 1975- 35 Mean 44 HBV 94%
et al. (243) 1987 (26) (20-70) (70%) Wedge excision 16 (46%) patients
(9) n=27 (77.1%) died within 35 days
Hepatic artery of laparotomy
ligation n=5 (mean survival: 22
(14.3%) days)
Liver resection n=3  6-month survival:
(8.6%) n=2 (5.7%)
Enwezor et Nigeria 1988 60 (20-40) HBV 85% Liver resection n=5
al. (244) (48) (8.3%) Liver resection
(12) BSC (91.7%) group: 0% survival

at 26 months
BSC group: 0%
survival at 15

months
Sudan 2002- 44 Mean Not 47.7% Liver resection 30-day mortality:

Elsanousi et 2013 (32) 58.6 Specified (100%) n=4 (9.1%)

al. (245) (12) (40-75)

Harrison et Uganda 1969- 34 Mean 38 Not Not

al. (246) 1972 (24) (16-65) Specified  Specified Liver resection Liver Resection:

(12) n=10 (29.4%) Median survival of

Hepatic artery 7 mo.
infusion n=6 Hepatic artery
(17.6%) infusion: Median
Systemic survival of 6

chemotherapy n=7 months
(19.4%) BSC n=7 BSC: Median
(19.4%) survival of 1 month

Table 17. Publications detailing specific outcome after HCC resection in sub-Saharan Africa
Legends: BSC: Best supportive care. HCC: Hepatocellular carcinoma
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CHAPTER 4
CONCLUSION AND RECOMMENDATIONS FOR FUTURE RESEARCH

CONCLUSIONS

Hepatocellular carcinoma poses a significant global health challenge, particularly in SSA where survival is
poor and has lagged compared to other continents. Overcoming these challenges requires innovative
approaches to improve overall patient outcome. This study which examined the role of liver resection
for HCC and FLC within the South African context, provided interesting and valuable information. The
research, conducted in the Surgical Gastroenterology Unit at Groote Schuur Hospital and the University
of Cape Town Private Academic Hospital and which spanned three decades, used meticulous
prospective data collection and patient follow-up to analyze liver resection outcome in a specialist
surgical unit. The study examined patient demographics, surgical technique, radiologic assessment, and
post-operative care, which contributed to a comprehensive understanding of the challenges and

outcomes associated with liver resections for HCC and FLC.

The analysis showed that with careful patient selection and applying precise surgical technique, major
liver resections could be achieved with no mortality and acceptable morbidity. One-third of patients

experienced complications following surgery which prolonged hospital stay. Although there was no in-
hospital or 30-day mortality, the occurrence of post-operative complications underscores the need for

ongoing refinement in surgical techniques and peri-operative care to further improve patient outcome.

In addition, the study findings highlighted the unique characteristics of HCC and FLC in patients with
non-cirrhotic livers, which is often attributed to the oncogenic pathways related to chronic HBV
infection. The data reflect a distinct pattern of disease presentation and progression in these patients,

which necessitates a tailored approach to diagnosis and treatment.

Despite the challenges and complexities of liver resections for HCC and FLC, this study underscores the
importance of surgical intervention as a curative treatment option. However, the high rate of disease
recurrence, particularly within the liver, poses a significant hurdle in achieving long-term survival
benefits. This emphasizes the ongoing need for innovative approaches to address disease recurrence

and further improve overall patient outcome.
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In conclusion, this study contributes valuable data and insights into liver resections for HCC and FLC in
South Africa. While the challenges and complexities persist, our findings underscore the importance of
continued research, refinement of surgical techniques, and personalized care to enhance the outcomes

and quality of life for patients facing these complex liver malignancies.

Recommendations for future research

Recommendation 1: In patients with HCC occurring in a non-cirrhotic liver and who undergo liver

resection, close follow-up for recurrence is essential. A surveillance program with regular imaging and

tumour marker assessment to detect recurrence early should be implemented.

Recommendation 2: Patients with FLC, which typically affects a younger age group without underlying

liver disease, should be carefully evaluated for surgical resection when feasible, taking into account

factors such as tumour size, lymph node involvement, and vascular invasion.

Recommendation 3: In patients with HCC in cirrhotic livers undergoing liver resection, it is crucial to

assess the extent of liver disease and the functional reserve of the liver. The use of pre-operative portal
vein embolization (PVE) to increase the size of the future liver remnant (FLR) should be considered and

applied when necessary.

Recommendation 4: An institutional protocol for anaesthetic management during liver resection,

including monitoring of arterial and central venous pressures, controlled fluid administration, and

measures to minimize hepatic venous congestion and blood loss should be implemented.

Recommendation 5: In patients with HCC in non-cirrhotic livers or fibrolamellar carcinoma who undergo

liver resection, multidisciplinary management that includes close postoperative follow-up, and
surveillance, and individualized adjuvant therapies based on risk factors for recurrence should be

considered and used.

Recommendation 6: The development and implementation of strategies to reduce postoperative

complications in patients undergoing liver resection for HCC or FLC are necessary, with a focus on

minimizing blood loss, preventing bile leaks, and managing intra-abdominal collections.

Recommendation 7: In cases where patients develop recurrence of HCC following initial resection, a

comprehensive evaluation should be performed to determine the extent of recurrence and explore
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treatment options, which may include repeat resection, ablation, or systemic therapy, depending on the

specific clinical scenario.

Recommendation 8: Further studies should investigate the relationship between biological

characteristics, epigenetics, and the recurrence of HCC to better understand the factors contributing to

recurrence and identify potential targets for prevention.

Recommendation 9: The impact of host gene polymorphisms, virus integration, and host-virus

interactions on the development and recurrence of HCC and FLC should be investigated to identify

genetic markers that can predict recurrence risk and guide treatment decisions.

Recommendation 10: The effects and prospects of neoadjuvant therapy, such as targeted drugs and

immune checkpoint inhibitors, in preventing HCC recurrence after curative treatment, should be

investigated as these therapies may have a role in reducing the risk of recurrence.

Recommendation 11: Educational programmes for healthcare professionals, including surgeons,

radiologists, and oncologists should be developed and implemented to enhance the early detection,

diagnosis, and management of HCC.

Recommendation 12: Research efforts to better understand the factors contributing to HCC recurrence,

particularly in patients with different underlying liver conditions (cirrhotic and non-cirrhotic) and HCC

histological subtypes should be promoted to tailor prevention and treatment strategies accordingly.

Recommendation 13: Research focused on the development of serological markers with high sensitivity

and specificity for the surveillance and early diagnosis of HCC recurrence should be encouraged as early

detection is critical for improving outcomes.

Recommendation 14: The role of neoadjuvant anti-tumour antigen vaccines in preventing recurrence

after curative treatment of HCC should be investigated with a focus on harnessing the immune system

to enhance long-term disease control.

Recommendation 15: Research collaborations between high-incidence and low-incidence regions to
better understand the aggressive nature of HCC in regions with a high prevalence of chronic hepatitis B

infection, such as SSA should be fostered to explore strategies for early detection and prevention.



Recommendation 16: Research initiatives that focus on improving the quality of life and survivorship

outcomes for patients who have undergone liver resection for HCC should be promoted and should

include supportive care measures and rehabilitation programs.
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CHAPTER 5

PAPER READY FOR PUBLICATION

Abstract

Background: More than 80% of global hepatocellular carcinomas (HCC) occur in sub-Saharan
Africa (SSA) and South-East Asia. Compared with the rest of the world, HCC in SSA has the
lowest resection and survival rates. This study assessed outcome following liver resection for HCC

and fibrolamellar carcinoma (FLC) at a tertiary referral centre in South Africa.

Methods: A retrospective analysis was done of all liver resections for HCC and FLC at Groote
Schuur Hospital and the University of Cape Town Private Academic Hospital between January
1990 and December 2021. Three groups were compared, (i) HCC occurring in normal livers, (ii)
HCC occurring in cirrhotic livers, and (iii) fibrolamellar carcinoma. Post-operative complications
were classified as per the expanded Accordion severity grading system. Median overall survival

(OS) and 95% confidence intervals (Cl) were calculated.

Results: Forty-eight patients were included in the study, 25 for HCC in non-cirrhotic livers, 15 in
cirrhotic livers and eight for FLC. Thirty-six patients (75%) underwent a major resection. No
mortality occurred but 16 patients (33%) developed grade 1 to 4 complications post-operatively.
Thirty-three patients (69%) developed recurrence of HCC following their initial resection of whom
29 (60%) ultimately died. Median overall survival (OS) for the total cohort after surgery was 57.2
months, 95% CI [29.7 - 84.6], 64.2 months [29.7-84.6], 61.9 months, [28.1-95.6] and 31.7 months,
[1.5-61.8] for patients with HCC in non-cirrhotic livers, FLC and HCC in cirrhotic livers
respectively.

Conclusions: Liver resection for HCC and FLC was safe with no mortality, but one-third of
patients had associated post-operative morbidity. The high long-term recurrence rate remains a

major obstacle in achieving better survival results after resection.

Key words: Surgery, liver, HCC, fibrolamellar carcinoma, complications, survival
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy in adults and is
the fifth most common solid tumour worldwide with a variable prevalence based on underlying
risk factors and geography. 2 The incidence has risen over the past several decades and HCC is
now the third leading cause of cancer-related deaths globally, after lung and stomach cancers, with
a 5-year survival rate less than 20% and recurrence rates as high as 88%. >4 More than 80% of
global HCCs occur in sub-Saharan Africa (SSA) and Eastern Asia where the incidence ranges from
4.8 to 8.3 per 100,000 per year in different regions of SSA with the highest incidence in western
and central Africa compared to less than 3 per 100 000 in Western countries.®> Hepatocellular
carcinoma has become a significant public health concern in SSA and is now the second leading
cancer in men and the third for women, occurring in particular in young adults.3® Unfortunately
only a small proportion of patients in SSA with HCC are treated with curative intent. Data are
scarce, but studies consistently report that curative-intended treatment is pursued in less than 1%
of patients in SSA with HCC. 3® Fibrolamellar carcinoma (FLC) was until recently regarded as a
variant of HCC occurring in young patients with a relatively good prognosis but is now recognized
as a distinct clinical entity with consistent chimeric fusion protein (DNAJB1-PRKACA)
expression by FLC tumours.

The optimal treatment of HCC and FLC is influenced by the stage of the disease, the degree of
liver impairment, and patient performance status. > Currently, the therapeutic strategy is based on
international guidelines and the Barcelona Clinic Liver Cancer (BCLC) staging system in which
potentially curative treatment for early-stage HCC includes resection, transplantation and ablation.
% Surgical resection is the treatment of choice in patients without cirrhosis and in those with
cirrhosis and well-preserved liver function. ° Despite advances in surgical techniques and
perioperative care, hepatectomy remains a high-risk surgical procedure with complications
occurring in up to 40% of resections. This adds a significant burden to individual patients by
adversely affecting quality of life and increasing length of hospital stay, readmission rates, and
healthcare costs. Recurrence despite curative-intent treatment occurs more often in patients with
tumour multifocality, tumour size >5 c¢cm, macroscopic vascular or microscopic lymphovascular
invasion, elevated alfa-fetoprotein (AFP) levels and impaired liver function. * Previous
publications from our unit have reported earlier data on resection for HCC and FLC. 112 |n this
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study, we assessed the peri-operative outcome and survival of patients with HCC and FLC

following curative liver resection at a tertiary referral centre in South Africa.

Patients and methods

Patients who underwent a primary liver resection for HCC or FLC in the Surgical Gastroenterology
Unit at Groote Schuur Hospital or the University of Cape Town Private Academic Hospital
between January 1990 and December 2021 were included in the study. All patients in the study
were assessed pre-operatively and treatment recommendations made in a multidisciplinary team
meeting. Data were retrieved from an ethics approved prospective database and analysis included
patient demographics, imaging results, surgical procedures performed, postoperative morbidity
and mortality and histopathology results. Three groups were compared, namely HCC occurring in
normal livers, HCC occurring in cirrhotic livers, and FLC. Liver resections were classified as
minor (<2 segments) or major (>3 segments) according to definitions of the Brisbane 2000
classification and nomenclature.®® The expanded Accordion severity grading system of surgical
complications was used to assess morbidity.}* Postoperative bile leaks (BL) and post-hepatectomy
liver failure (PHLF) were graded according to the respective International Study Group of Liver
Surgery (ISGLS) definitions. !> Details of the surgical technique used have been
published.!121718 Foyr-phase contrast-enhanced computed tomography (CE-CT) was used as
primary imaging modality for tumour characterization, assessment of biliovascular anatomy and
surgical planning. In patients with a marginal future liver remnant (FLR), volumetry was
performed. Magnetic resonance imaging (MRI) using gadopentetate dimeglumine (Magnevist®)
or Gadoxetate disodium (Primovist®) (Bayer Schering Pharma, Berlin, Germany) was used for
further characterization if needed. Patients were followed up at 3 months and then every 6 months
post-operatively, which included clinical assessment, screening liver ultrasound, liver

biochemistry and tumour marker measurement.

Statistical analysis

Data were analysed using Stata version 11 (StataCorp. 2009. Stata: Release 11. Statistical

Software. College Station, TX: StataCorp LP). Months of survival was calculated from the day of
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surgery. For bivariate analysis, the Pearson chi square or Kruskal-Wallis tests were used for
categorical variables, and the non-parametric Wilcoxon rank-sum test for numerical variables.
Univariate and multivariate logistic regression models were used to evaluate the odds ratios (OR)
and 95% confidence intervals of clinical variables (while excluding collinearity). All statistical
tests were two-tailed and a p-value <0.05 was considered statistically significant. Descriptive
statistics as appropriate were used to present clinical and treatment characteristics and outcome of

the study subjects. Ethics approval was obtained.

Results

A total of 601 elective liver resections were performed during the inclusion period of which 48
(8%) were the primary operation for HCC or FLC. During the same period 529 patients with a
confirmed diagnosis of HCC were assessed in the unit of whom 40 (7.6%) were resected. Twenty-
five resections (52%) were performed for HCC in non-cirrhotic livers, 15 (31%) in patients with
cirrhotic livers and 8 (17%) for FLC. Patient demographics and operative details are shown in
Table 1. The median age of the total cohort was 48 years (range 17-79), the majority of whom
were men (62.5%). The viral status was known in 32 patients of whom 13 (27%) had chronic
hepatitis B infection, eight in the non-cirrhotic and five in the cirrhotic groups, and one had
hepatitis C. Thirty-eight (86.3%) of the 44 patients in whom complete information was available,
were outside the BCLC criteria for resection (Stage 0 or A). Seven patients (15%) had pre-
operative radiological intervention, of whom six had trans-arterial embolization (TAE) [bland
embolization n=4; trans-arterial chemo-embolization (TACE) n=2] and one had a portal vein
embolization (PVE). Thirty-six (75%) major resections were performed. The median operating
time was 240 min (range 120-570), median blood loss was 725 ml (range 80-2500) and intra-
operative blood transfusion was required in 13 patients. Two of the 12 minor resections required

a blood transfusion.

Post-operative outcomes are summarized in Table 2. The median post-operative hospital stay for
the whole cohort was eight days (range 5-32 days), nine days (range 6-32 days) in patients with
complications compared to eight days (range 5-24 days) in patients without complications. Sixteen
patients (33%) developed Accordion grade 1 to 4 complications. The highest complication rate
(50%) occurred in resections for FLC. The most frequent complications were bile leaks (n=5) and
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intra-abdominal collections (n=4), followed by wound infection (n=3), pneumonia (n=2), and
acute kidney injury (n=2). Two of the patients with bile leaks were treated conservatively with
spontaneous resolution, two underwent ERCP and stenting and one had percutaneous aspiration
of a biloma. Two patients required re-exploration, one for bleeding and another for a subphrenic
collection which was not amenable to ultrasound-guided percutaneous drainage. There was no in-

hospital or 30-day mortality.

Review of the histology showed that 37 patients had RO resections, two had R1 and four had R2
resections while the margin status was not recorded in six patients. Thirty-three patients (69%)
developed recurrence of HCC following their initial resection of whom 29 ultimately died. The
most common site of recurrence was the liver which occurred in 29 (60%) patients, five of whom
also had extra-hepatic metastatic disease (lung, lymph nodes, omentum, abdominal wall and
vertebrae). Four patients (8.3%) had only extra-hepatic metastatic recurrence. One patient had a
repeat resection of a segment 4 recurrence one year after the initial right hemi-hepatectomy. A
year later, she had percutaneous US guided microwave ablation of a left liver recurrence and

remains disease free five years later.

Thirty-three (69%) patients died (29 due to recurrence and four due to other causes) at a median
of 952 days (range 51-5740). Median overall survival (OS) for the total cohort after surgery was
57.2 months, 95% CI [29.7 - 84.6]. At three years the OS was 58%, and at 5 years 48% (Figure
1). Patients with a normal liver had a median OS of 64.2 months, 95% CI [29.7 - 84.6], for
patients with FL HCC 61.9 months, 95% CI [28.1 - 95.6] and patients with a cirrhotic liver 31.7
months 95% CI [1.5 - 61.8]. There were no statistically significant differences in survival
between the three groups, p= 0.113 (Figure 1).

Discussion

Hepatic resection is the most widely used method for curative intended treatment of HCC and
FLC. 358 In this retrospective cohort analysis of 40 liver resections performed for HCC and eight
for FLC, there was no in-hospital or 30-day mortality, although one-third of patients had one or
more post-operative complications. Major resections were performed in 75% of patients, a

quarter of whom required an intra-operative blood transfusion. Median OS was best in patients
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who had HCC in non-cirrhotic livers, followed by patients with FLC and worst in patients with
HCC in cirrhotic livers. Of salient interest in this series was that more than 60% of the resected
HCCs were in patients with non-cirrhotic livers, likely due to the oncogenic pathway of chronic
HBV infection causing HCC in younger patients, which differs from the predominantly cirrhosis
pathway seen in low incidence regions. 1% Most patients in SSA present late with advanced
disease when cure is not possible and there is evidence that HCC in SSA follows a more

aggressive course than elsewhere.?

Eight (16%) patients in this study had FLC, a tumour typically affecting a younger age group
without underlying liver disease. These tumours display a unique histological pattern distinctly
different from HCC and were designated with a unique WHO classification number in 2010." 22
Several factors in FLC are associated with a poor prognosis include lymph node metastases,

multiple tumours, metastatic disease at presentation, and vascular invasion.’

Despite advances in surgical technique and perioperative management which have reduced
mortality and morbidity rates for HCC and FLC resection, one third of patients in our study had
postoperative complications. In large published series from high-volume referral centres operative
mortality rates of less than 3% are reported, however post-operative complication rates remain
substantial and exceed 35%.2%2* Risk factors for postoperative morbidity include underlying liver
dysfunction, a small liver remnant volume, major blood loss, perioperative transfusion and
underlying co-morbidities. In most series, a blood transfusion was necessary in less than 10% of

resections.?%24

The 69% recurrence rate in this study is in line with a previous reports of recurrence rates of up to
80%.%8 Fourteen per cent of patients in whom complete data were available had a positive resection
margin. Although those patients with positive resection margins are likely to account for disease
recurrence, most recurrences were due to new tumours in the remaining liver. The 5-year OS
following surgical resection within the Barcelona Clinic Liver Cancer (BCLC) criteria is around
70% compared to the three- and five-year rates in our study of 58% and 48% respectively. The
results in terms of long-term survival however vary considerably among series because of variation
in resection criteria. Resection outside these criteria result in lower survival rates, but some patients
will benefit from 5-year OS rates in excess of 50%. 892 The majority of patients in this study fell
outside the resection criteria of the BCLC staging system. In our cohort OS for FLC and HCC
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occurring in non-cirrhotic livers were similar, with a trend of worse survival in HCC occurring in
cirrhotic livers. In our study HCC recurred in 33 patients, most commonly involving the liver, but
five had associated extra-hepatic metastases. The most powerful predictors of recurrence are the
presence of vascular invasion and/or additional tumour sites besides the primary lesion. Risk
factors for poor survival after HCC recurrence include histologically poorly differentiated
tumours, tumour multifocality, large size (=5 cm), vascular invasion, high preoperative AFP levels,

R1 resection, and the presence of impaired liver function.

Accurate data on outcome after HCC resection in SSA are scant. A literature search for HCC in
PubMed, PubMed Central, Scopus Web of Science, AfricaWide and the Cochrane databases up to
September 2022 identified only four papers that provided specific outcome after HCC resection
apart from the published studies from our unit. 12 Of these four, two were from Nigeria, 2"? and
one each from Sudan ?° and Uganda. 3° The Muhammad study from Nigeria included 35 patients
all of whom had ruptured HCCs and only 3 had a major liver resection. 2" In the Enwezor study
five of 60 HCC patients underwent a resection with a 60% operative mortality and 0% survival at
26 months. 28 The Harrison study from Uganda reported that only ten of 120 patients underwent
resection with a 20% operative mortality rate. % In the study from Sudan 44 patients with HCC
had resections [major (>3 liver segments) n=8; moderate (1-3 segments) n=4; minor<l1 segments
n=32)] with a major complication rate of 36.4% and a 30-day operative mortality of 9.1%. 2°

This study has several specific limitations. Despite the fact that the data generated are from a high
volume tertiary academic centre, patient numbers are small and may reflect an inherent referral,
selection and treatment bias. A further limitation is that our study included patients who underwent
a liver resection over a period of 30 years, during which time changes in operative techniques and
perioperative management may have affected post-operative morbidity rates and data on Child-
Pugh score and performance status were not available for all patients. A strength of this study is
the prospective documentation of a robust dataset conducted in a single centre using uniform
criteria in consecutive patients providing reliable granular data. Although this study may not
completely reflect the population of patients treated at all tertiary referral centres, the analysis
provided data not typically collected or available in large administrative databases. Because data
about resections for HCC in SSA and reports on outcome after surgery are limited, this study

provides important and very relevant information.
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Conclusion

Hepatic resection is the treatment of choice in patients with resectable HCC. A major concern in
this study is the low resection rate of 7.6% of all patients presenting with HCC. Resection was
safe with no mortality but despite applying optimal surgical techniques and peri-operative care
one-third of patients had associated post-operative morbidity. The high long-term recurrence rate

remains a major obstacle in achieving better survival results after liver resection.
References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021; 71:
209-49.

2. McGlynn KA, Petrick JL, London WT. Global epidemiology of hepatocellular carcinoma: an
emphasis on demographic and regional variability. Clin Liver Dis 2015; 19: 223-38

3. Jonas E, Bernon M, Robertson B et al. Treatment of hepatocellular carcinoma in sub-Saharan
Africa: challenges and solutions. Lancet Gastroenterol Hepatol. 2022;7:1049-1060. doi:
10.1016/S2468-1253(22)00042-5.

4. Papaconstantinou D, Tsilimigras DI, Pawlik TM. Recurrent Hepatocellular Carcinoma:
Patterns, Detection, Staging and Treatment. Journal of Hepatocellular Carcinoma 2022:9 947-957.

5. Kedar Mukthinuthalapati V P, Sewram V, Ndlovu N, Kimani S, Abdelaziz A O, Chiao E Y,
Abou-Alfa G K. 2021. Hepatocellular carcinoma in sub-Saharan Africa. JCO Global Oncology, 7,
756-766.

6. Spearman CW, Dusheiko G, Jonas E et al. Hepatocellular carcinoma: measures to improve the
outlook in sub-Saharan Africa. Lancet Gastroenterol Hepatol. 2022;7:1036-1048. doi:
10.1016/S2468-1253(22)00041-3.

7. Aziz H, Brown ZJ, Madani SP, Kamel IR, Pawlik TM. Fibrolamellar Hepatocellular Carcinoma:
Comprehensive Review of Diagnosis, Imaging, and Management. J Am Coll Surg 2023;236:399—
410.



83

8. Vogel A, Meyer T, Sapisochin G, Salem R, Saborowski A. Hepatocellular carcinoma. Lancet.
2022;400:1345-1362. doi: 10.1016/S0140-6736(22)01200-4.

9. Villanueva A. Hepatocellular carcinoma. N Engl J Med 2019; 380:1450-1462.
https://doi.org/10.1056/NEJMral713263.

10. Lemmer ER, Krige JE, Hall PM, Bornman PC, Taylor DA, Terblanche J. Surgical resection
for hepatocellular carcinoma in Cape Town--a clinical and histopathological study. S Afr Med J.
1998;88(12):1575-80. [PubMed PMID: 9930254]

11. Bhaijee F, Krige JE, Locketz ML, Kew MC. Liver resection for non-cirrhotic hepatocellular
carcinoma in South African patients. S Afr J Surg. 2011;49(2):68-74. [PubMed PMID: 21614976]

12. Bhaijee F, Locketz ML, Krige JE. Fibrolamellar hepatocellular carcinoma at a tertiary centre
in South Africa: a case series. S Afr J Surg. 2009;47(4):108-11. [PubMed PMID: 20141066]

13. Terminology Committee of the International Hepato-Pancreato- Biliary Association (2000)
The IHPBA Brisbane 2000 terminology of liver anatomy and resections. HPB Surg 2:333-339.

14. Dindo D, Demartines N, Clavien PA. (2004) Classification of surgical complications: a new
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 240:205-
213.

15. Koch M, Garden OJ, Padbury R, et al. Bile leakage after hepatobiliary and pancreatic surgery:
a definition and grading of severity by the International Study Group of Liver Surgery. Surgery
2011;149:680-8. doi: 10.1016/j.surg.2010.12.002.

16. Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver failure: A definition and
grading by the International Study Group of Liver Surgery (ISGLS). Surgery 2011;149:713-24.

17. Terblanche J, Krige JE, Bornman PC. Simplified hepatic resection with the use of prolonged
vascular inflow occlusion. Arch Surg. 1991;126(3):298-301. [PubMed PMID: 1998469]

18. Krige JE, Thomson SR, Bornman PC. Choosing the optimal tools and techniques for
parenchymal liver transection. S Afr J Surg. 2013;51(1):2-4. doi: 10.7196/sajs.1664 [PubMed
PMID: 23472644]

19. Spearman CW, Afihene M, Ally R, et al: Hepatitis B in sub-Saharan Africa: Strategies to
achieve the 2030 elimination targets. Lancet Gastroenterol Hepatol 2:900-909, 2017


https://doi.org/10.1056/NEJMra1713263

84

20. Kew MC. Hepatocellular carcinoma in Africa. In: Malignant Liver Tumors: Current and
Emerging Therapies, 2nd ed. Clavien PA, ed. Boston: Jones and Bartlett; 2003:439-448.

21. Kew MC: Hepatocellular carcinoma in African Blacks: Recent progress in etiology and
pathogenesis. World J Hepatol 2:65-73, 2010

22. Kew MC: Epidemiology of hepatocellular carcinoma in sub-Saharan Africa. Ann Hepatol
12:173-182, 2013

23. Jing Li, Liang Huang, Jianjun Yan, Maixuan Qiu and Yiqun Yan. Liver resection for
hepatocellular carcinoma: personal experiences in a series of 1330 consecutive cases in China.
ANZ J Surg 88 (2018) E713-E717

24. Capussotti L, Muratore A, Amisano M et al. Liver resection for hepatocellular carcinoma on
cirrhosis: analysis of mortality, morbidity and survival—a European single center experience.
EJSO. 2005; 31: 986-993

25.Hassanipour S, Vali M, Gaffari-fam, S. et al. The survival rate of hepatocellular carcinoma in
Asian countries: a systematic review and meta-analysis. EXCLI Journal 2020;19:108-130 — ISSN
1611-2156

26. Guglielmi A, Ruzzenente A, Conci, S et al. Hepatocellular carcinoma: Surgical perspectives
beyond the Barcelona clinic liver cancer recommendations. World J Gastroenterol 2014 June 28;
20(24): 7525-7533. ISSN 1007-9327

27. Muhammad 1, Mabogunje O. Spontaneous rupture of primary hepatocellular carcinoma in
Zaria, Nigeria. J R Coll Surg Edinb. 1991 Apr;36(2):117-20.

28. Enwezor CJ. Sixty cases of primary hepatocellular carcinoma in one year. A preliminary
appraisal. Int Surg. 1992 Oct-Dec;77(4):277-9.

29 Elsanousi OM, Mohamed MA, Salim FH, Adam EA. Selective devascularization treatment
for large hepatocellular carcinoma: Stage 2A IDEAL prospective case series. Int J Surg. 2019
Aug;68:134-141. doi: 10.1016/j.ijsu.2019.06.014.

30 Harrison NW, Dhru D, Primack A, Bhana D, Kyalwazi SK. The surgical management of
primary hepatocellular carcinoma in Uganda. Br J Surg. 1973 Jul;60(7):565-9. doi:
10.1002/bjs.1800600719.



Table 1. Patient demography and operative details

transfusion (patient numbers)

Total HCC in non- HCC in Fibrolamellar
n=48 cirrhotic livers cirrhotic livers carcinoma
n=25 n=15 n=8
(52.1%) (31.2%) (16.7%)
Male 30 13 12 5
Female 18 12 3 3
Age years: median; range 48; 18-79 49; 21-79 51; 18-74 22; 19-67
No of segments resected 3;1-5 3; 25 3;1-4 3;2-5
median; range
Surgery duration in minutes. 240; 120-570 245; 120-570 195; 120-480 233; 185-295
median; range
Estimated intra-operative 725; 80-2500 700; 80-2500 800; 300-1800 850; 300-1500
blood loss in ml. median;
range
Intra-operative blood 13 7 4 2

Table 2. Post-operative outcome in 48 patients undergoing liver resection

Total HCC in non- HCC in Fibrolamellar
n=48 cirrhotic livers | cirrhotic livers carcinoma
n=25 n=15 n=8
(52.1%) (31.2%) (16.7%)
Days in ICU: median; range 3;1-6 3;1-6 2;1-6 2.5;1-6
Days in hospital: median; 8; 5-32 10; 5-32 7,5-24 8; 6-21
range
Post-operative complications: 16 (33%) 8 4 4
n (%)
Accordion severity grading (n)
1 5 2 2 1
2 3 1 1 1
3 6 3 1 2
4 2 2 - -
5 - -
6
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Figure 1. Kaplan-Meier overall survival estimates for patients with hepatocellular

carcinoma in non-cirrhotic livers, cirrhotic livers and patients with fibrolamellar

carcinoma
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Figure 2. Kaplan-Meier overall survival estimates for the total patient cohort
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