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Abstract

Objectives: To determine the factors associated with survival of
patients with hepatocellular carcinoma (HCC) and the effect of
The known The incidence and mortality of hepatocellular
carcinoma (HCC) are risingmore rapidly in Australia than those
HCC surveillance on survival.

Design, setting and participants: Prospective population-based
cohort study of patients newly diagnosed with HCC in seven
tertiary hospitals in Melbourne, 1 July 2012 e 30 June 2013.

Main outcome measures: Overall survival (maximum follow-
up, 24 months); factors associated with HCC surveillance
participation and survival.

Results: 272 people were diagnosed with incident HCC during
the study period; the most common risk factors were hepatitis C
virus infection (41%), alcohol-related liver disease (39%), and
hepatitis B virus infection (22%). Only 40% of patients
participated in HCC surveillance at the time of diagnosis;
participation was significantly higher among patients with
smaller median tumour size (participants, 2.8 cm; non-
participants, 6.0 cm; P < 0.001) and earlier Barcelona Clinic Liver
of other cancer types.

The new Survival for patients with HCC is poor, with a median
survival time of 20.8months. Surveillance is associated with
improved survival, but participation rates are low (40%), despite
89%ofpatientswithHCCqualifying for surveillance. Risk factors
for HCC, such as cirrhosis and viral hepatitis, are underdiagnosed,
and are often first identified when HCC is diagnosed.

The implications Strategies for increasing the recognition of
risk factors for HCC and for improving surveillance rates among
people at risk, in line with established international guidelines,
are needed.

n a global basis, liver cancer is the fifth most frequently
diagnosed cancer type, and causes the second highest
 Cancer (BCLC) stage disease (A/B, 59%; C/D, 25%; P < 0.001).

Participation was higher among patients with compensated
cirrhosis or hepatitis C infections; it was lower among those with
alcohol-related liver disease or decompensated liver disease.
Median overall survival time was 20.8 months; mean survival
time was 18.1 months (95% CI, 16.6e19.6 months). Participation
in HCC surveillance was associated with significantly lower
mortality (adjusted hazard ratio [aHR], 0.60; 95% CI,
0.38e0.93; P ¼ 0.021), as were curative therapies (aHR, 0.33;
95% CI, 0.19e0.58). Conversely, higher ChildePugh class, alpha-
fetoprotein levels over 400 kU/L, and later BCLC disease stages
were each associated with higher mortality.

Conclusions: Survival for patients with HCC is poor, but may be
improved by surveillance, associated with the identification of
earlier stage tumours, enabling curative therapies to be initiated.
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O number of cancer-related deaths.1 Incidence and
mortality are both highest in East and South-East Asia, Africa, and
developing nations, but are rising in Western countries; the
increase in the number of liver cancer-related deaths has been
the most rapid for any cancer type in Australia over the past 40
years.2

Hepatocellular carcinoma (HCC) accounts for about 82% of pri-
mary liver cancer in Australia.1 HCC is most frequently identified
in patients with cirrhosis, typically caused by chronic hepatitis B
(HBV) or C virus (HCV) infections, alcohol-related liver disease, or
non-alcoholic fatty liver disease.3-5 A variety of treatments are
available, including curative therapies (liver transplantation, sur-
gical resection, percutaneous and laparoscopy-assisted ablation)
and palliative measures, such as trans-arterial chemo-embolisa-
tion, a kinase inhibitor (sorafenib), selective internal radiation
therapy, and best supportive care. Despite advances in therapy,
overall survival remains poor,6 partly because late presentation
with advanced disease7 limits treatment options.

HCC surveillance facilitates diagnosis at a stage of disease when
curative treatments are effective, and is associated with reduced
mortality.8 International guidelines9-11 recommend surveillance as
standard practice, but uptake is poor and its implementation varies
between institutions and physicians.12,13 Barriers to surveillance
include lack of awareness of the underlying risks, low rates of
screening for cirrhosis and viral hepatitis, cultural and linguistic
difficulties, and cost and resource limitations.

We recently reported the first Australian population-based study
of incidentHCC.14We found that age-standardised incidence rates
of HCC in Melbourne were twice as high as reported by the
1 St Vincent’s Hospital Melbourne, Melbourne, VIC. 2Austin Hospital, Melbourne, VIC. 3Univ
Melbourne, VIC. 6 Eastern Health, Melbourne, VIC. 7Western Health, Melbourne, VIC. 8Al
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VictorianCancer Registry: 10.3 cases (95% confidence interval [CI],
9.0e11.7) per 100 000 men and 2.3 cases (95% CI, 1.8e3.0) per
100 000 women. In this new study, we aimed to determine overall
survival for patients with HCC and to identify factors that
influence survival. We hypothesised that participating in an HCC
surveillance program would be associated with diagnosis of HCC
at an earlier stage and consequently with improved survival.
Methods

Study cohort
Data for the prospective clinical cohort of patients in theMelbourne
statistical division newly diagnosed with HCC during 1 July 2012
ersity of Melbourne, Melbourne, VIC. 4Austin Health, Melbourne, VIC. 5Monash Health,
fred Hospital, Melbourne, VIC. thai.hong@svha.org.au j doi: 10.5694/mja18.00373 j 1
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e 30 June 2013, identified in our earlier study,were analysed.14 The
Melbourne statistical division has an estimated population of
4 300 207 (projected population for 2012e13)15 that is ethnically
diverse; 35% of residents were born outside Australia. Patients
residing outside the division (defined by residential postcodes)
were excluded.

The population-based Victorian Cancer Registry collects data for
all patients with cancer in the Melbourne statistical division. The
region includes seven tertiary referral public health services, all of
whichwere participating study sites. Eachhealth service includes a
tertiary university teaching hospital, with associated secondary
hospitals and radiology and pathology services.
Data collection
Our case ascertainment methodology was reported previously.14

Data for patients at all study sites were captured (with the
informed consent of the patients) and cross-referenced with
VictorianCancer Registry data. Datawere de-identified and stored
on a secure database.

Data collated from patient records included demographic infor-
mation (including ethnic background and place of birth), residen-
tial postcode, aetiology of chronic liver disease, the presence of
cirrhosis, ChildePugh scores, alpha-fetoprotein levels, mode of
presentation, participation in a surveillance program, Barcelona
Clinic Liver Cancer (BCLC) stage, and treatment modality. The
aetiology of chronic liver disease was defined by the consulting
physician, and verified by pathology or radiology results if the
causewasnot documented.Cirrhosis statuswasdetermined after a
review of histology, transient electrography, radiology, and
biochemistry findings. Treatmentmodality was defined as the first
treatment given, except for patients who were downstaged when
more curative therapy was later assigned.

Three ethnic groups were defined for the purposes of our analysis:
white (including Egypt, Middle East), African (sub-Saharan Af-
rica), and Asian (mainly East and South-East Asia, with three pa-
tients from India or Sri Lanka). Indigenous statuswasnot recorded.

Participation in a surveillance program was defined as patients
with risk factors defined in international guidelines— cirrhosis of
any cause; chronic HBV infection in Asian men over 40, Asian
women over 50, African patients over 20 years of age, and people
with a family history of HCC9-11 — undergoing 6-monthly ultra-
sound assessment with or without alpha-fetoprotein assessment.

The primary study outcome was overall survival. Survival time
was calculated from the date of diagnosis until the date of notified
death, as retrieved from hospital records, the Victorian Cancer
Registry, and theRegistry of Births,Deaths andMarriagesVictoria.
Patients were censored at last known medical attendance
(consultation, radiology, pathology, other records), with a
maximum follow-up period of 24 months.
Statistical analysis
Descriptive statistics are presented for continuous factors (medians
with interquartile ranges [IQRs]) and categorical variables
(numbers, proportions). Standardised HCC incidence ratios were
calculated, comparing rates by country of birth with those for
Australian-born patients (projected population for 2012e13).15

Correlations of clinically relevant variables were assessed as
Spearman rank correlation coefficients (not reported); if the cor-
relation of two variables was statistically significant, for the pur-
poses of regression analysis they were either combined (eg,
cirrhosis and ChildePugh class combined as the new variable,
“liver function”) or one variable was omitted (eg, BCLC stage but
not tumour size retained).

To assess factors associated with surveillance participation, crude
and adjusted odds ratios (ORs, aORs) were respectively estimated
in logistic regression and multiple logistic regression models.

Survival was estimated with the KaplaneMeier method. As the
upper confidence bound for median survival time could not be
calculated (the point 95% CI never dropped below 0.5 during the
24-month maximum follow-up period), mean survival time —

calculated as the area under the KaplaneMeier survivor function
with the Stata option rmean— is also presented. Cox proportional
hazards models were fitted for individual factors associated with
survival nominated by specialist hepatologists (crude hazard ratio
[HR]); factors for which P < 0.1 in the univariate analysis were
included in the multiple regression Cox proportional hazards
model (adjustedHR [aHR]). Violations of the proportional hazards
assumption were assessed by visual inspection of KaplaneMeier
curves and in Schoenfeld residuals tests. P < 0.05 was deemed
statistically significant. All analyses were performed in Stata Sta-
tistical Software 12 (StataCorp).

Ethics approval
Human research ethics committees for each health network gran-
ted approval for the study: St Vincent’sHealth (reference, HREC-A
056.12), Melbourne Health (including Western Health; reference,
2012.150), Eastern Health (reference, E66-1112), Austin Health
(reference, H2012/04713), Southern Health (reference, 12201A),
and Alfred Health (reference, 357/12).

Results

A total of 272 people in the Melbourne statistical division were
diagnosed with incident HCC during 1 July 2012 e 30 June 2013,
including 216 men (79%). The most frequent risk factors for liver
disease were HCV infection (112, 41%), alcohol (107, 39%), HBV
infection (60, 22%), and non-alcoholic fatty liver disease (39, 14%);
73 patients (27%) had more than one risk factor (Box 1). Of 225
patients (83%) with cirrhosis, 72 (32%) were first diagnosed with
cirrhosis at the time of HCC diagnosis.

Most patients (166, 61%) were born overseas (Box 1). The stand-
ardised incidence of HCC was higher for overseas-born than for
Australian-born people, and particularly high for those born in
sub-Saharan Africa, Italy, Vietnam, or Egypt (Box 2). Significantly
more overseas-born patients had viral hepatitis-related HCC (108
of 166, 65%) than Australian-born patients (55 of 106, 52%;
P ¼ 0.031); significantly more Australian-born patients had
alcohol-related HCC (65 of 106, 61% v 42 of 166, 25%, P < 0.001).

Treatment with curative intent was provided to 87 patients (32%)
— liver transplantation (3%), resection (13%), and ablative thera-
pies (radio-frequency, microwave, percutaneous alcohol; 16%) —
and 180 patients (66%) were offered treatment with palliative
intent — trans-arterial chemo-embolisation (24%), selective inter-
nal radiation radiotherapy (1.8%), systemic targeted therapy
(sorafenib, 13%), and best supportive care (28%) (Box 1). Follow-up
treatment for five patients with late stage diseasewas not recorded
because they were overseas or otherwise lost to follow-up.

Surveillance at the time of hepatocellular
carcinoma diagnosis
One hundred and ten patients (40%) were participating in
surveillance at the time of HCC diagnosis; surveillance data were



1 Baseline characteristics of the 272 people in Melbourne
diagnosed with incident hepatocellular carcinoma,
July 2012 e June 2013

Characteristic

Total number of people 272

Sex (men) 216 (79%)

Place of birth

Australia 106 (39%)

Overseas 166 (61%)

Ethnic background

White (Australian-born) 105 (39%)

White (overseas-born) 96 (36%)

Asian 59 (22%)

African 10 (4%)

Missing data 2 (1%)

Age (years), median (IQR) 65 (56e76)

Men 64 (56e74)

Women 74 (64e80)

White (Australian-born) 60 (56e71)

White (overseas-born) 70 (61e78)

Asian 63 (54e75)

African 56 (53e74)

Missing data 65 (55e75)

Risk factors for chronic liver disease present

Chronic hepatitis C virus infection 112 (41%)

Alcohol-related liver disease 107 (39%)

Chronic hepatitis B virus infection 60 (22%)

Non-alcohol fatty liver disease 39 (14%)

Haemochromatosis 6 (2%)

Primary biliary cirrhosis 5 (2%)

Autoimmune hepatitis 3 (1%)

Other/missing data 17 (6%)

More than one risk factor 73 (27%)

Mode of presentation

Surveillance program (6e12-monthly ultrasound) 110 (40%)

Known indication but not screened 53 (19%)

First presentation of cirrhosis/other risk factor 32 (12%)

Incidental hepatocellular carcinoma finding 73 (27%)

Missing data 4 (2%)

Liver function status

Cirrhosis 225 (83%)

ChildePugh A 125 (56%)

ChildePugh B 67 (30%)

ChildePugh C 33 (15%)

Barcelona Clinic Liver Cancer staging

BCLC A 70 (26%)

BCLC B 59 (22%)

BCLC C 98 (37%)

BCLC D 41 (15%)

Missing data 4 (1.5%)
(continued)

1 Baseline characteristics of the 272 people in Melbourne
diagnosed with incident hepatocellular carcinoma,
July 2012 e June 2013 (continued)

Characteristic

Treatment modality

Palliative

Best supportive care 76 (28%)

Trans-arterial chemo-embolisation 65 (24%)

Sorafenib 34 (13%)

Selective internal radiation therapy 5 (2%)

Curative

Radio-frequency/microwave ablation 38 (14%)

Resection 34 (13%)

Liver transplantation 9 (3%)

Percutaneous ethanol injection 6 (2%)

Lost to follow-up/missing data 5 (2%)

BCLC ¼ Barcelona Clinic Liver Cancer; IQR ¼ interquartile range. u

Research
incomplete for four patients. Most non-participating patients had
guideline indications for surveillance: cirrhosis (120 of 158, 76%) or
chronic HBV infection without cirrhosis (17, 11%); 120 of 225 pa-
tients with cirrhosis (53%) were not participating in surveillance,
including 72 (60%) who were diagnosed with cirrhosis at the time
of HCC diagnosis. Non-participation was most marked among
those with chronic HBV infections but not cirrhosis (17 of 21, 81%),
including 12patients inwhomthe infectionwasfirst detected at the
time of HCC diagnosis. Overall, 242 of 272 patients (89%) would
have qualified for surveillance (225 with cirrhosis, 17 without
cirrhosis but with chronic HBV infections).

The multivariable analysis indicated that Australia-born (aOR,
0.45; 95% CI, 0.24e0.85; P ¼ 0.014) and Asian patients (aOR, 0.42;
95% CI, 0.20e0.91; P ¼ 0.029) were less likely to participate in
surveillance than white patients born overseas. Participation in
2 Standardised incidence ratios for hepatocellular carcinoma
(compared with incidence among Australian-born people),
by country/region of birth*

* Countries of birth providing fewer than three patients not shown. u
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surveillance by patients with compensated cirrhosis (Childse
Pugh A) was higher than for those without cirrhosis (aOR, 5.70;
95% CI, 2.10e15.5; P ¼ 0.001), but decompensated cirrhosis
(ChildsePugh B or C) was associated with a lower surveillance
rate than that for patients with compensated cirrhosis or without
cirrhosis (aOR, 0.53; 95% CI, 0.30e0.95; P ¼ 0.033). Surveillance
was higher among patients with HCV-related HCC (aOR, 1.95;
95% CI, 1.11e3.42; P ¼ 0.020) and lower among those with
alcohol-related HCC (aOR, 0.53; 95% CI, 0.29e0.95; P ¼ 0.034)
(Box 3).

Participation in surveillance was higher for patients with earlier
than later stage disease (BCLCA/B, 75 of 127, 59%; BCLCC/D, 35
of 139, 25%; P < 0.001), with smaller tumour size (participants:
median, 2.8 cm; IQR, 2.0e4.0 cm; non-participants: median,
6.0 cm; IQR, 3.6e10 cm; P < 0.001), or receiving curative treatment
(59 of 99, 60%; not receiving curative treatment, 51 of 169, 30%;
P < 0.001).
3 Logistic regression analysis of factors influencing surveillance

Risk factor

Surveillance participatio

Yes No

Number of participants 110 (40%) 158 (58%

Age (years), median (IQR) 64 (56e74) 66 (56e

Sex

Women 27 28

Men 83 130

Ethnic background/place of birth

White/overseas-born 52 45

White/Australian-born 36 67

African 3 7

Asian 19 39

Liver function

Non-cirrhotic 6 32

ChildePugh A 66 57

ChildePugh B 26 41

ChildePugh C 11 22

Decompensated cirrhosis (ChildePugh B/C)

No 73 85

Yes 37 73

Chronic hepatitis B

No 88 120

Yes 22 38

Chronic hepatitis C

No 52 105

Yes 58 53

Alcohol-related liver disease

No 74 88

Yes 36 70

Non-alcohol fatty liver disease

No 97 132

Yes 13 6

CI ¼ confidence interval; IQR ¼ interquartile range. * Includes factors for which P < 0.1 in
function”. u
Survival analysis
Median overall survival timewas 20.8months (lower endof 95%CI,
16.6 months; upper limit not calculable because point 95% CI did
not fall below 0.5 during 24-month follow-up), with 12-month and
24-month survival rates of 62% and 47% respectively (Box 4,A).
Mean survival time was 18.1 months (95% CI, 16.6e19.6 months).

In the multivariable analysis, poor survival was predicted by
higher ChildePugh class, alpha-fetoprotein level exceeding
400 kU/L (aHR, 2.06; 95% CI, 1.38e3.08; P < 0.001), and later
BCLC stage atHCCdiagnosis (BCLCC/D vBCLCA/B: aHR, 2.59;
95% CI, 1.57e4.27; P < 0.001) (Box 4,B; Box 5); increased survival
was associated with participation in surveillance programs (aHR,
0.60; 95% CI, 0.38e0.93; P ¼ 0.021) and curative treatment (aHR,
0.33; 95% CI, 0.19e0.58; P < 0.001) (Box 5). Survival rates for sur-
veillance participants were 79% at 12 months and 66% at
24 months, compared with 49% and 33% respectively for non-
participants (Box 4,C).
participation

n Odds ratio (95% CI)

Univariate P Multivariable* P

)

77) 0.99 (0.97e1.01) 0.23

1

0.66 (0.36e1.20) 0.18

1 1

0.46 (0.26e0.82) 0.008 0.45 (0.24e0.85) 0.014

0.37 (0.91e1.52) 0.18 0.30 (0.07e1.34) 0.11

0.42 (0.21e0.83) 0.013 0.42 (0.20e0.91) 0.029

1 1

6.18 (2.41e15.8) 0.001 5.70 (2.10e15.5) 0.001

3.38 (1.24e9.20) 0.017 3.33 (1.12e9.93) 0.031

2.67 (0.86e8.28) 0.09 2.47 (0.71e8.51) 0.15

1

0.51 (0.30e0.87) 0.014 0.53 (0.30e0.95)† 0.033

1

0.79 (0.44e1.43) 0.43

1

2.21 (1.34e3.64) 0.002 1.95 (1.11e3.42) 0.020

1

0.61 (0.37e1.02) 0.06 0.52 (0.29e0.95) 0.034

1

0.68 (0.33e1.39) 0.29

univariate analysis. † Based on an alternative model not including the variable “liver



4 Survival functions (with 95% confidence envelopes) for
272 people in Melbourne diagnosed with incident
hepatocellular carcinoma, July 2012 e June 2013.
A. Overall; B. by BCLC stage; C. by participation in
hepatocellular carcinoma surveillance

BCLC ¼ Barcelona Clinic Liver Cancer. u

Research
M
JA

2
0
9

(8
)

j
15

O
cto

b
e
r
2
0
18

5

Discussion

The incidence of HCC in Australia is increasing.2,16 The parallel
rises in incidence and population-attributable mortality rates16

suggest that the rise in incidence is not driven by detection of
earlier tumours during surveillance alone, but may be related to
demographic changes and the increased prevalence of underlying
risk factors.17 Survival remains poor; our 12-month survival rate of
62% is similar to recent estimates for other developed countries.6,7
We found that survival was better for patients who presentedwith
earlier stage disease, smaller tumours, and compensated liver
disease. These factors all predict eligibility for treatment with
curative intent, the factor with the greatest positive influence on
survival.

Surveillance was associated with improved survival. Despite the
acknowledged role of HCC surveillance in managing cirrhosis,
only 40% of patients were participating in surveillance when
diagnosed with HCC, a proportion similar to the 38% reported for
one Melbourne tertiary centre more than a decade ago.17 Surveil-
lance is particularly infrequent among patients of Asian or
Australian-born backgrounds and those with alcohol-related liver
disease. The emergence of non-alcoholic fatty liver disease-related
HCC, linked with the rise of the metabolic syndrome in developed
countries, is particularly challenging for surveillance because of the
large population at risk.18

We identified two major barriers to increased uptake of surveil-
lance: adherence to surveillance was poor for patients with certain
recognised risk factors (decompensated cirrhosis, alcohol misuse)
and, perhapsmore importantly, a considerable number of patients
diagnosed with HCC had hitherto undiagnosed cirrhosis or viral
hepatitis. These findings indicate that a two-tiered approach may
be needed to improve outcomes.

Firstly, clinicians should be alert to risk factors for chronic liver
disease, such as excessive alcohol use, chronic HCV and HBV in-
fections, and non-alcoholic fatty liver disease in certain social
groups (eg, patients of low socio-economic status or with mental
health problems, injecting drug users, migrants, patients with
diabetes or metabolic syndrome). Patients with these risks factors
should be screened for cirrhosis, and thosewith active liver disease
should be screened longitudinally. An aspartate transaminase to
platelet ratio index (APRI) value greater than 1.0 predicts cirrhosis
with 76% sensitivity and 72% specificity,19 and the test is simple to
undertake. Community-based screening based on blood pathol-
ogy and transient elastography identifies significant fibrosis in
16% of patients with hepatitis C.20

HCC surveillance comprising 6-monthly liver ultrasound and
alpha-fetoprotein assessment should be offered to all patients
with cirrhosis, as well as to Asian men over 40, women over 50,
Africans over 20 years of age, and patients with a family history of
HCC without cirrhosis but with chronic HBV infections.9 This
recommendation should be communicated during medical
training and included in specialist society and jurisdictional
guidelines.

Secondly, effective surveillance might be best achieved with a na-
tional HCC surveillance program. HCC fulfils many of the criteria
for such programs: its incidence is high, a non-invasive and inex-
pensive screening method is available, and early detection is
associated with improved survival when combined with effective
therapy.

Preventive responses to known causes of chronic liver disease
may also be beneficial as public health measures. Improving the
diagnosis of viral hepatitis in at-risk populations, together with
viral suppression (HBV) and eradication (HCV), could be cost-
effective strategies for preventing HCC.21,22 As antiviral drugs
for treating HBV and HCV infections are readily available in
Australia, increased education and use of these drugs in com-
munity practice are important. Non-alcoholic fatty liver disease, a
major indication for liver transplantation in many countries, may
also be under-recognised as a risk factor by the general medical
community.



5 Logistic regression analysis of factors influencing survival

Factor Value

Hazard ratio (95% CI)

Univariate P Multivariable* P

Age (years), median (IQR) 65 (56e76) 1.02 (1.00e1.03) 0.010 1.01 (0.99e1.02) 0.43

Sex (men) 216 (79%) 0.77 (0.51e1.17) 0.22

Ethnic background

White 201 (74%) 1 1

African 10 (3.7%) 0.70 (0.26e1.90) 0.48 0.62 (0.23e1.72) 0.36

Asian 59 (22%) 0.56 (0.34e0.92) 0.023 0.76 (0.44e1.32) 0.33

Liver function

Non-cirrhotic 38 (14%) 1 1

ChildePugh A 125 (48%) 1.22 (0.59e2.52) 0.59 1.21 (0.55e2.64) 0.63

ChildePugh B 67 (27%) 3.82 (1.87e7.81) 0.001 3.06 (1.36e6.89) 0.007

ChildePugh C 33 (13%) 6.36 (2.96e13.7) 0.001 5.26 (2.13e13.0) < 0.001

Risk factor for cirrhosis

Chronic hepatitis C 112 (41%) 0.68 (0.47e0.99) 0.042 0.67 (0.43e1.05) 0.08

Chronic hepatitis B 60 (22%) 0.86 (0.55e1.32) 0.48

Alcohol 107 (39%) 1.29 (0.91e1.83) 0.15

Non-alcohol fatty liver disease 39 (14%) 0.77 (0.45e1.29) 0.32

Alpha-fetoprotein (> 400 kU/L) 81 (30%) 3.13 (2.20e4.46) < 0.001 2.06 (1.38e3.08) < 0.001

BCLC staging (stages C/D v A/B) 139 (52%) 6.53 (4.24e10.1) < 0.001 2.59 (1.57e4.27) < 0.001

Curative treatment (provided) 85 (31%) 0.18 (0.11e0.30) < 0.001 0.33 (0.19e0.58) < 0.001

Surveillance (participated) 110 (40%) 0.33 (0.22e0.50) < 0.001 0.60 (0.38e0.93) 0.021

BCLC ¼ Barcelona Clinic Liver Cancer; CI ¼ confidence interval; IQR ¼ interquartile range. * Includes factors for which P < 0.1 in univariate analysis. u
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Limitations
Our study was limited by inherent biases that affect interpre-
tation of survival outcomes in cancer screening. As cirrhosis,
the major trigger for surveillance, is itself asymptomatic and
underdiagnosed, lead time in HCC diagnosis varies widely; as
the growth rate for HCC is quite variable, length time bias is
also important. Randomised controlled trials could circumvent
these biases. Two older trials found that HCC surveillance
improved survival,8,23 but their methodological flaws limit the
generalisability of their findings. Randomised controlled trials
are now impracticable, as informed patients usually decline
randomisation in preference of direct access to surveillance.24

A number of studies have attempted to reduce lead time bias
in HCC surveillance by adjusting for tumour growth during
the asymptomatic phase; one such study found that the short
term survival benefit of surveillance was markedly reduced
after taking lead time into account, but not the long term
survival benefits.25
Conclusion
Survival for patients with HCC in Australia is poor. While
surveillance allows the detection of smaller, early stage tu-
mours, enabling curative therapies associated with significantly
better survival to be initiated, the rate of participation in HCC
surveillance programs is relatively low. Cirrhosis had not
previously been detected in one-third of patients newly diag-
nosed with HCC. Improving the identification of cirrhosis in
primary care and by other physicians and enrolling patients in
surveillance programs may improve their outcomes. A national
surveillance program for patients at increased risk of HCC, in
accordance with the relevant international guidelines, should
also be considered.
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