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Abstract

Background Hepatocellular carcinoma (HCC) is the fastest increasing cause of cancer death in Australia. A recent
Australian consensus guidelines recommended HCC surveillance for cirrhotic patients and non-cirrhotic chronic
hepatitis B (CHB) patients at gender and age specific cut-offs. A cost-effectiveness model was then developed to
assess surveillance strategies in Australia.

Methods A microsimulation model was used to evaluate three strategies: biannual ultrasound, biannual ultrasound
with alpha-fetoprotein (AFP) and no formal surveillance for patients having one of the conditions: non-cirrhotic

CHB, compensated cirrhosis or decompensated cirrhosis. One-way and probabilistic sensitivity analyses as well as
scenario and threshold analyses were conducted to account for uncertainties: including exclusive surveillance of CHB,
compensated cirrhosis or decompensated cirrhosis populations; impact of obesity on ultrasound sensitivity; real-
world adherence rate; and different cohort’s ranges of ages.

Results Sixty HCC surveillance scenarios were considered for the baseline population. The ultrasound + AFP strategy
was the most cost-effective with incremental cost-effectiveness ratios (ICER) compared to no surveillance falling
below the willingness-to-pay threshold of A$50,000 per quality-adjusted life year (QALY) at all age ranges. Ultrasound
alone was also cost-effective, but the strategy was dominated by ultrasound + AFP. Surveillance was cost-effective

in the compensated and decompensated cirrhosis populations alone (ICERs < $30,000), but not cost-effective in the
CHB population (ICERs > $100,000). Obesity could decrease the diagnostic performance of ultrasound, which in turn,
reduce the cost-effectiveness of ultrasound + AFP, but the strategies remained cost-effective.

Conclusions HCC surveillance based on Australian recommendations using biannual ultrasound + AFP was
cost-effective.
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Background

Primary liver cancer (PLC) is amongst the most deadly
cancers, ranking second in the cause of cancer mortality
globally [1]. The most common form of PLC is hepato-
cellular carcinoma (HCC), which accounts for more than
80% of total PLC cases [2]. In Australia, although mortal-
ity rates of many cancers have plateaued or reduced, can-
cer death due to HCC is rising [3], making it the fastest
increasing cause of cancer mortality in this country [4].

The outcomes of HCC patients are highly dependent
on tumour stage at diagnosis [5]. Those diagnosed at
the early stages are more suitable candidates for cura-
tive treatments (liver resection, ablation, or transplant)
than those diagnosed at later stages [6, 7]. However,
HCC is infrequently detected early due to its asymptom-
atic nature at early stages [8—11]. In general, when the
symptoms manifest, HCC has progressed to advanced
stages [12—14]. A recent study in seven hospitals based
in Melbourne, Australia found only 26% of people newly
diagnosed with HCC were at an early stage of tumour
development [15]. Similarly, other studies reporting on
HCC in the USA [16] and Austria [17] reported less than
20% of patients were at an early stage when diagnosed.

Many professional bodies, including the American
Association for the Study of Liver Diseases [18], the Euro-
pean Association for the Study of the Liver [19], and the
Asian Pacific Association for the Study of the Liver [20]
have recommended ultrasound with or without the bio-
marker Alpha-fetoprotein (AFP) at 6-month intervals as
a HCC surveillance strategy to improve the early detec-
tion of HCC. An Australian consensus statement for the
management of HCC was also published with a high level
of agreement on using liver ultrasound with or without
the combination of AFP at 6-month intervals for HCC
surveillance with high-risk populations [21]. These high-
risk populations consist of people having liver cirrhosis
regardless of age and non-cirrhotic people with chronic
hepatitis B (CHB) infection including Asian men older
than 40 years, Asian women older than 50, Sub-Saharan
African people older than 20, and Aboriginal and Torres
Strait Islander people older than 50 [21].

Over the last few decades, many economic evaluations
of HCC surveillance have been conducted. The studies
used modelling techniques to evaluate the cost and out-
comes of different surveillance strategies to inform deci-
sion making. A recent systematic review has shown most
of these evaluations were cost-effective, but their results
need to be interpreted with care due to limitations exist-
ing within those studies [4]. For that reason, we have
developed a health economic evaluation model, based
on the Australian consensus statement, that takes into
account the limitations of previous models.
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Methods

Study setting and surveillance strategies

In Australia, HCC is managed by offering possible cura-
tive intent whilst exposing patients to minimal risk with
treatment [21]. It is also critical that patients understand
their disease and clinicians respect patients’ choices. The
Barcelona Clinic Liver Cancer (BCLC) staging system is
recommended as the framework for HCC management
in Australia [21]. It classifies HCC into five stages ranging
from very early (0) to terminal (D) and links those stages
with a suitable treatment algorithm [22].

For this model, current practice of HCC management
in Australia was defined as no formal surveillance or the
status quo. For the status quo, HCC is found either inci-
dentally or when HCC becomes symptomatic. The status
quo was compared with four other strategies: biannual
ultrasound at real-world adherence rates [23]; biannual
ultrasound with AFP at real-world adherence rates and
both strategies at 100% (full) adherence rates. Due to the
lack of real-world adherence data in Australia, the adher-
ence rates were obtained from a USA-based study of
HCC surveillance in a hepatitis B-infected Asian popula-
tion [23] and set as calibration targets for the surveillance
adherence rate in the model.

Overview of the model

A state-transition individual-level (microsimulation)
model was used to model the disease progression through
the movement of multiple health states (Fig. 1) over a
lifetime horizon. The individual’s characteristics (start-
ing age of entering the model and treatment of CHB) and
tracker variables for storing disease progression history
of individuals were incorporated in the model. Transi-
tions between health states occurred in 6-month cycles
to reflect the biannual interval of surveillance strategies.
Analyses were done using TreeAge Pro Health Care 2022
R1.2 (TreeAge Software, Williamstown, Massachusetts).

Population of interest and scenario analyses
Due to limited data, the model was unable to differenti-
ate the ethnicities and gender of individuals. Therefore,
a hypothetical baseline population consisting of 10,000
individuals at high risk of HCC was used, which included
people with liver cirrhosis or non-cirrhotic CHB.
Previous Australian research reported that 15% of
patients did not have liver cirrhosis prior to HCC diag-
nosis [15], therefore the model’s baseline cohort was
assumed to include 15% of CHB individuals without
liver cirrhosis. The remaining cohort consisted of 10%
with decompensated cirrhosis and 75% with compen-
sated cirrhosis, with the ratio of 10:75 or 0.133 between
the two liver diseases. This closely matched the ratio
derived from the global burden of disease study in 2017,
which estimated the prevalence of decompensated and
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Fig. 1 Structure of the state-transition individual-level model

compensated cirrhosis in Australia to be 76.3 and 553.4
per 100,000 people, respectively (76.3:553.4=0.137)
[24]. To account for uncertainties, different scenario and
threshold analyses were conducted, including:

— exclusively surveilling non-cirrhotic CHB,
compensated cirrhosis or decompensated cirrhosis
populations and determining the threshold of disease
progression rates that result in non cost-effective
surveillance strategies becoming cost-effective;
adjusting the sensitivity of ultrasound and prevalence
of obesity in Australia to account for the impact of
central adiposity on the precision of surveillance
strategies. The early detection rate (proportion of
detecting BCLC stage 0/A HCC) of ultrasound was
reduced from 0.491 [15] to 0.210 [25], representing
a reduction of 42.8%. Due to the lack of data for
the sensitivity of ultrasound + AFP on people with
obesity, the early detection rate of ultrasound + AFP
was assumed to be reduced by the same rate (42.8%),
from 0.618 [26] to 0.264. The differences in early
detection rates between obese and non-obese
individuals was divided by three and added to the
probabilities of HCC being categorised as the three
remaining BCLC stages (B to D). The prevalence
of obesity in Australia was used to categorise the
characteristics of individuals. It was estimated that
27.9% of Australians aged 18 years and older were
obese [27];
varying starting ages of the cohort to 12 different
ranges: 20—80 years, 30—80, 40-80, 50—-80, 20-70,

30-70, 40-70, 50-70, 20-60, 30-60, 40-60, and
50-60. The distribution of age for Australian
population was presented in Appendix B. This
followed the Australian recommendations that
surveillance should be carried out for individuals
with liver cirrhosis regardless of their age, and
sub-Saharan African born people age 20 years and
older [21]. These analyses were run separately with
hypothetical cohorts of 10,000 individuals.

Model parameters and data sources

Transition probabilities

The transition probabilities used in the model are sum-
marised in Appendix A. Data was obtained from the fol-
lowing sources in decreasing order of priority: studies
conducted in Australia or meta-analysis studies, studies
in countries with similar population characteristics (the
USA or the UK), studies in other countries, and expert
opinion. The 6-month transition probabilities for health
states were obtained and derived from published stud-
ies and the background mortality was obtained from the
Australian Bureau of Statistics life Tables [28, 29].

Costs and effectiveness measured

Costs were reported from the health system perspec-
tive and only direct medical costs were included (Table
A2, Appendix A). Costs were reported in 2019 Australian
Dollar and inflated using the total health price index and
the Government final consumption expenditure on hos-
pitals and nursing homes (Table A3, Appendix A) [30].
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Costs of surveilling (ultrasound and AFP) and diagnos-
tic tests (MRI, CT, and biopsy) were obtained from the
Medicare Benefit Schedule (MBS) [31]. All HCC treat-
ment costs were sourced from the MBS except for liver
transplant [32], liver resection [33], systemic therapy [34,
35] and best supportive care [36].

Health state utility values (HSUVs) were used to cal-
culate Quality Adjusted Life Years (QALYs — outcome
of effectiveness considered in this model) and obtained
from different published studies (Table A2, Appendix A).
HSUVs for CHB were derived by subtracting the Aus-
tralian population norms for specific age groups [37]
by disability weight for CHB people (Table 5A.2) [38].
HSUV for compensated cirrhosis was obtained from
Australian paper using Short Form 36 questionnaire
[39]. For decompensated cirrhosis, HSUV was obtained
from another health economic modelling study [40],
which weighted the average HSUV based on the num-
ber of respondents in each country who participated in
a multi-national study conducted by Levy et al. using the
standard gamble technique [41]. The HSUVs after HCC
treatments were obtained from other modelling stud-
ies due to lack of published studies for these values. For
systemic therapy, the HSUV was obtained by subtracting
1 by the 2019 Global Burden of Disease Study disability
weight for sequela “Terminal phase of liver cancer with
medication” [42].

Both costs and effectiveness were discounted by 5%,
which was in line with the Australian guideline [43].

Assumptions
Several assumptions were made in this study due to
unavailability of data and model simplicity:

— Due to the lack of data for migrant groups at
different ages, CHB individuals at different age
groups and ethnicities being recommended for
surveillance were categorised as the non-cirrhotic
CHB group in the model. The risks of developing
compensated cirrhosis and HCC were assumed to
be the same for all individuals within this group and
only differed by antiviral treatment for CHB.

— In the surveillance group, liver masses were identified
by the surveillance strategy and then confirmed
and characterised by either computed tomograpy
(CT) or magnetic resonance imaging (MRI) scans.
Meanwhile, in the non-surveillance groups, HCC
was only detected when it became symptomatic.

For tumour diagnosis, CT was assumed by expert
opinion to be used in 90% of the total cases, and MRI
in the remaining 10%. Indeterminate results were
assumed to occur in 10% of cases; therefore, liver
biopsy was assumed to be conducted for diagnosis.

— Adherence to surveillance was the same for both
ultrasound and ultasound + AFP strategies.
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— All treatment options took place within the same
6-month cycle as HCC diagnosis. Only one primary
treatment was assumed for each cycle: after each
cycle, the individual may have undergone different
treatments or no treatments at all. Only those
who underwent curative treatment options (liver
transplant, resection, and ablation) had the risk of
HCC recurrence. Recurrence was intrahepatic as
only HCC treatments were modelled.

— The model stopped accumulating costs and
effectiveness of individuals who were diagnosed
with other types of liver cancer. Other types of liver
cancer were assumed to be cholangiocarcinoma, the
second most common type of liver cancer.

— All malignant liver masses smaller than 10 mm in
diameter detected by ultrasound + AFP became
larger than 10 mm at the next cycle (after 6 months).
Benign liver tumours were assumed to not progress
to becoming malignant and required no treatment.

Analysis

The main outcome of interest was the incremental cost-
effectiveness ratio (ICER), which was calculated using the
following formula:

Cost (strategyA) — Cost (strategyB)
QALY (strategyA) — QALY (strategyB)

ICER =

This is interpreted as the incremental costs incurred by
surveillance strategies (strategy A) in order to gain an
additional QALY in comparison with that of the sta-
tus quo (strategy B). The ICER was then compared with
the willingness to pay (WTP) threshold of AUD50,000/
QALY gained to determine the cost-effectiveness of sur-
veillance strategies [44].

One-way sensitivity analyses were conducted on all
transition probabilities, costs, and HSUVs to identify the
most influential parameters on the ICERs. The range for
sensitivity analyses of input parameters are included in
Appendix A. The 20 most influential parameters are pre-
sented in the form of tornado diagrams.

The probabilistic sensitivity analyses were also under-
taken to investigate multiple parameter uncertainties
simultaneously. The Monte Carlo simulation was run
10,000 times with input values randomly drawn from rel-
evant distributions to produce cost-effectiveness accept-
ability curves and incremental cost-effectiveness scatter
plots for surveillance strategies against the status quo.
The gamma and triangular distributions were assigned to
costs and treatments for HCC at different BCLC stages,
respectively, whilst the beta distribution was assigned to
the remaining input parameters.
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Results

The costs and QALYs of 60 HCC surveillance scenarios
(i.e., two HCC surveillance strategies with real-world
and full adherence to surveillance compared to the sta-
tus quo across 12 different ranges of cohort starting age)
are shown in Table 1 for the baseline population. Over-
all, surveillance at biannual intervals using ultrasound
with AFP was the most cost-effective at all ages. Ultra-
sound+AFP surveillance with a 100% adherence rate
resulted in the highest rate of HCC diagnosed at an early
stage, along with the highest QALYs and costs. This gen-
erated an ICER below $40,000/QALY gained compared
to the status quo at all age ranges, which were all consid-
ered cost-effective when the WTP threshold of $50,000/
QALY gained was adopted. Ultrasound+AFP surveil-
lance at real-world adherence rates was also cost-effective
with an ICERs of below $35,000/QALY gained against
the status quo. Ultrasound surveillance alone had ICERs
well below $50,000/QALY gained compared to the status
quo but was extendedly dominated when ultrasound was
combined with AFP.

Cost-effectiveness results for exclusive surveillance for
people with non-cirrhotic CHB or compensated cirrhosis
or decompensated cirrhosis alone are shown in Appendix
C, Table C1-C3, with 60 surveillance strategies for each of
the three separate hypothetical cohorts. Surveillance was
cost-effective in the compensated or decompensated cir-
rhosis populations alone (ICERs < $30,000/QALY gained
against status quo), but not cost-effective in the CHB
population (ICERs > $100,000/QALY gained against sta-
tus quo). Furthermore, surveillance with a 100% adher-
ence rate was more cost-effective than surveillance with
real-world adherence rates for compensated and decom-
pensated cirrhosis populations. Threshold analyses were
then conducted to determine the threshold of disease
progression rate at which HCC surveillance in the CHB
population became cost-effective (Figure D1, D2, Appen-
dix D). The transition probabilities for CHB individuals
not undergoing antiviral treatment to compensated cir-
rhosis (0.0075) and liver mass (0.0013) needed to increase
to above 0.0650 and 0.0050 respectively to make surveil-
lance in CHB individuals cost-effective. The transition
probabilities of individuals undergoing CHB treatments
was not considered in the threshold analysis due to its
minimal impact on ICER.

The costs and QALYs of 60 HCC surveillance strate-
gies when the impact of central adiposity on ultrasound
being considered is shown in Table 2 for the baseline
population. The rate of early-stage HCC being diag-
nosed decreased whilst the ICER of surveillance strate-
gies compared to the status quo increased substantially.
Nevertheless, all ICERs falling below the WTP thresh-
old meant surveillance using ultrasound+AFP was still
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cost-effective if it was conducted in a population with up
to 27.9% of obese individuals.

Results from one-way sensitivity analyses were
expressed in the form of tornado diagrams in Figs. 2 and
3. The baseline population with starting age range of 40
to 80 years was chosen to report the sensitivity analy-
ses results as using other ranges of age only produced
small changes in the results. Other ranges of age were
not reported due to minimal differences in the results.
The most influential parameters on the ICER of bian-
nual ultrasound at real-world adherence rates against the
status quo were the probability of an asymptomatic mass
became symptomatic in compensated cirrhosis, the pro-
portion of HCC stage C in non-surveillance populations,
and proportion of HCC stage A in populations undergo-
ing surveillance. For surveillance using ultrasound +AFP
at real-world adherence rates, the most influential
parameters were the proportion of HCC stage A in popu-
lations undergoing ultrasound +AFP, disease progression
from compensated cirrhosis to developing liver masses,
and the probability of an asymptomatic mass becoming
symptomatic in compensated cirrhosis.

Results from 10,000 Monte Carlo simulations for
probabilistic sensitivity analyses are illustrated as cost-
effectiveness acceptability curve in Fig. 4 and incremen-
tal cost-effectiveness scatter plots in Figures D3 and
D4, Appendix D. The status quo had the highest prob-
ability of being cost-effective if the WTP threshold was
below $33,000/QALY gained. If the threshold was set at
$50,000/QALY gained, ultrasound + AFP surveillance was
cost-effective in 77.5% of the simulations, whilst the cost-
effectiveness probabilities for ultrasound surveillance and
the status quo were 13.4% and 8.5%, respectively.

Discussion

The results from our model showed HCC surveillance
based on Australian recommendations using biannual
ultrasound with or without AFP was cost-effective in
comparison with the status quo or no formal surveil-
lance. However, combining AFP with recurring ultra-
sound was more cost-effective than ultrasound alone due
to the lower ICER.

The adherence rate to HCC surveillance has only been
taken into account in a small number of economic evalu-
ations of HCC surveillance in the past and those studies
revealed higher adherence rates were associated with
higher costs and effectiveness of the surveillance [4]. Our
model showed surveillance with real-world adherence
rates was extendedly dominated by a fully adhered sur-
veillance program for compensated and decompensated
cirrhosis populations. It is worth noting that surveil-
lance with a 100% adherence rate is infeasible to achieve
in reality, even for population-based programs in Aus-
tralia such as breast cancer surveillance. Only 60.9% of
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Table 1 Cost-effectiveness analysis results of HCC surveillance: baseline population
Cohort Surveillance strategy % Of Cost  Incr. costvs. QALY Incr. QALY ICER vs.next ICER  Dominance
start- early- next most vs. next most most cost- vs.
ing stage HCC cost-effective cost-effective effective status
age diagnosed alternative alternative alternative  quo
20-80  Status quo 8.7 56,884 - 5.55 - - -
Ultrasound_real-world adherence 219 57,964 1,080 559 004 30,247 30,247 Extendedly
dominated'
Ultrasound + AFP_real-world 258 58,557 1,673 561 0.06 29,174 29,174
adherence
Ultrasound_full adherence 486 59,390 833 562 001 124,852 39,146  Extendedly
dominated
Ultrasound + AFP_full adherence 619 60,435 1,878 566  0.05 38,362 33,406
30-80  Status quo 84 55,992 542
Ultrasound_real-world adherence 222 57,104 1,112 546 004 31,137 31,137 Extendedly
dominated
Ultrasound + AFP_real-world 26.1 57,727 1,735 548  0.06 30,174 30,174
adherence
Ultrasound_full adherence 49.0 58,597 870 549 001 84,099 38,399 Extendedly
dominated
Ultrasound + AFP_full adherence 61.8 59,672 1,945 553 005 37,028 33,446
40-80  Status quo 8.6 54,986 525
Ultrasound_real-world adherence 229 56,029 1,042 528 0.03 32,668 32,668 Extendedly
dominated
Ultrasound + AFP_real-world 26.7 56,581 1,594 530 0.05 30,967 30,967
adherence
Ultrasound_full adherence 494 57,348 768 531 0.01 134,702 41,305 Extendedly
dominated
Ultrasound + AFP_full adherence  62.0 58276 1,696 534 004 40,466 35,229
50-80  Status quo 8.1 53,215 5.04
Ultrasound_real-world adherence  22.8 54224 1,009 507 003 37,429 37429 Extendedly
dominated
Ultrasound + AFP_real-world 268 54,787 1,572 509 005 34,363 34,363
adherence
Ultrasound_full adherence 494 55401 614 509 001 104,021 42,320 Extendedly
dominated
Ultrasound + AFP_full adherence 61.8 56,251 1,464 513 004 38,521 36,250
20-70  Status quo 83 58,090 5.66
Ultrasound_real-world adherence 215 59,179 1,089 570 004 29,702 29,702 Extendedly
dominated
Ultrasound + AFP_real-world 251 59,813 1,722 572 0.06 29,126 29,126
adherence
Ultrasound_full adherence 489 60,682 869 573 001 86,527 37461 Extendedly
dominated
Ultrasound + AFP_full adherence 619 61,757 1,945 578  0.05 36,228 32,505
30-70  Status quo 8.7 57,531 5.59
Ultrasound_real-world adherence  22.1 58602 1,070 562 003 31,002 31,002 Extendedly
dominated
Ultrasound + AFP_real-world 258 59,206 1,675 564  0.06 29,740 29,740
adherence
Ultrasound_full adherence 488 60,136 930 565 001 110,574 40,241 Extendedly
dominated
Ultrasound + AFP_full adherence 62.1 61,162 1,956 569  0.05 38,243 33,787
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Table 1 (continued)
Cohort Surveillance strategy % Of Cost  Incr. costvs. QALY Incr. QALY ICER vs.next ICER  Dominance
start- early- next most vs. next most most cost- vs.
ing stage HCC cost-effective cost-effective effective status
age diagnosed alternative alternative alternative quo
40-70  Status quo 8.7 56,774 545
Ultrasound_real-world adherence  22.2 57,823 1,049 548  0.03 34,367 34,367 Extendedly
dominated
Ultrasound + AFP_real-world 260 58411 1,637 550 0.05 31,440 31,440
adherence
Ultrasound_full adherence 487 59,204 793 551 0.01 86,237 39,660 Extendedly
dominated
Ultrasound + AFP_full adherence 61.7 60,209 1,798 555  0.05 36,098 33,717
50-70  Status quo 83 55,562 528
Ultrasound_real-world adherence 224 56,551 989 531 003 34,371 34,371 Extendedly
dominated
Ultrasound + AFP_real-world 26.2 57,161 1,600 533  0.05 31,757 31,757
adherence
Ultrasound_full adherence 49.2 57,895 733 534 001 114,832 41,105 Extendedly
dominated
Ultrasound +AFP_full adherence 62.0 58,864 1,703 538  0.05 37,549 34,501
20-60  Status quo 85 59,044 5.80
Ultrasound_real-world adherence 214 60,132 1,089 583 003 31,747 31,747 Extendedly
dominated
Ultrasound + AFP_real-world 250 60,750 1,707 5.85 0.06 29,948 29,948
adherence
Ultrasound_full adherence 489 61,633 883 586  0.01 86,367 38,530 Extendedly
dominated
Ultrasound + AFP_full adherence 619 62,730 1,979 591 006 35,220 32,565
30-60  Status quo 84 58,560 572
Ultrasound_real-world adherence  21.6 59646 1,086 575 003 31,490 31,490 Extendedly
dominated
Ultrasound + AFP_real-world 253 60,252 1,691 578 0.06 30,038 30,038
adherence
Ultrasound_full adherence 49.0 61,117 865 579 001 69,755 37,207 Extendedly
dominated
Ultrasound + AFP_full adherence 62.0 62,186 1,934 583 006 33,993 32,026
40-60  Status quo 84 58,002 561
Ultrasound_real-world adherence  21.7 59,065 1,063 565 003 32,191 32,191 Extendedly
dominated
Ultrasound + AFP_real-world 255 59,666 1,664 5.67 0.05 30412 30,412
adherence
Ultrasound_full adherence 49.0 60,563 897 568 001 66,743 37,572  Extendedly
dominated
Ultrasound + AFP_full adherence 62.0 61,608 1,941 572  0.06 35,159 32,796
50-60  Status quo 8.5 56,951 547
Ultrasound_real-world adherence  22.2 58,018 1,067 550 0.03 31,356 31,356 Extendedly
dominated
Ultrasound + AFP_real-world 26.1 58,621 1,670 552 0.06 30,008 30,008
adherence
Ultrasound_full adherence 488 59,460 839 553 001 95,148 38915 Extendedly
dominated
Ultrasound + AFP_full adherence 61.8 60,483 1,862 557  0.05 37,770 33,653

AFP; Alpha-Fetoprotein; HCC, hepatocellular carcinoma; ICER, Incremental cost-effectiveness ratio; Incr, incremental: QALY, quality adjusted life years

1 A strategy with a higher ICER (relative to the next alternative) and lower QALY than the alternative was extendedly dominated by the alternative
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Table 2 Cost-effectiveness analysis results of HCC surveillance: central adiposity
Cohort Surveillance strategy % Of Cost  Incr. costvs. QALY Incr. QALY ICERvs.next ICER  Dominance
start- early- next most vs. next most most cost- vs.
ing stage HCC cost-effective cost-effective effective status
age diagnosed alternative alternative alternative quo
20-80  Status quo 8.7 56,884 555
Ultrasound_real-world adherence  19.5 57879 995 5.58 0.02 40,222 40,222 Extendedly
dominated’
Ultrasound + AFP_real-world 229 58,408 1,524 5.60 0.04 34,249 34,249
adherence
Ultrasound_full adherence 415 59234 826 559  -0.01 -99,541 64,894  Absolutely
dominated®
Ultrasound + AFP_full adherence 53.2 60,279 1,871 563 0.03 59,522 44,710
30-80  Status quo 84 55,992 542
Ultrasound_real-world adherence  19.8 57,037 1,045 545 0.03 41,003 41,003 Extendedly
dominated
Ultrasound + AFP_real-world 232 57,598 1,606 547 0.05 35,271 35,271
adherence
Ultrasound_full adherence 418 58467 869 546  -0.00 -201,771 60,033 Absolutely
dominated
Ultrasound + AFP_full adherence 52.8 59,549 1,951 5.50 0.03 56,166 44,311
40-80  Status quo 8.6 54,986 5.25
Ultrasound_real-world adherence  20.3 55972 986 527 0.02 42,545 42,545 Extendedly
dominated
Ultrasound + AFP_real-world 23.7 56,445 1459 529 0.04 36,258 36,258
adherence
Ultrasound_full adherence 421 57,236 791 528  -0.01 -87,612 72,074  Absolutely
dominated
Ultrasound + AFP_full adherence  53.1 58,159 1,714 532 0.02 71,394 49,387
50-80  Status quo 8.1 53,215 5.04
Ultrasound_real-world adherence  20.3 54162 947 5.06 0.02 54,071 54,071 Extendedly
dominated
Ultrasound + AFP_real-world 237 54,663 1,448 5.08 0.03 41,830 41,830
adherence
Ultrasound_full adherence 421 55,318 655 507  -0.01 -97,534 75,385  Absolutely
dominated
Ultrasound + AFP_full adherence 528 56,227 1,564 5.10 0.03 61,866 50,287
20-70  Status quo 83 58,090 5.66
Ultrasound_real-world adherence  19.1 59,093 1,003 5.69 0.03 39,210 39,210 Extendedly
dominated
Ultrasound + AFP_real-world 223 59,665 1,574 5.71 0.05 34,007 34,007
adherence
Ultrasound_full adherence 417 60492 828 570  -0.01 -105,045 62,528 Absolutely
dominated
Ultrasound + AFP_full adherence 529 61,614 1,949 575 0.03 56,870 43,733
30-70  Status quo 8.7 57,531 5.59
Ultrasound_real-world adherence  19.7 58,518 987 561 0.02 41,068 41,068 Extendedly
dominated
Ultrasound + AFP_real-world 230 59,060 1,529 5.63 0.04 34,816 34816
adherence
Ultrasound_full adherence 416 59940 879 562  -001 -107,583 67,387 Absolutely
dominated
Ultrasound + AFP_full adherence 528 61,014 1,954 5.66 0.03 60,301 45,636
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Table 2 (continued)
Cohort Surveillance strategy % Of Cost  Incr. costvs. QALY Incr. QALY ICERvs.next ICER  Dominance
start- early- next most vs. next most most cost- Vs.
ing stage HCC cost-effective cost-effective effective status
age diagnosed alternative alternative alternative  quo
40-70  Status quo 8.7 56,774 545
Ultrasound_real-world adherence  19.8 57,738 964 547 0.02 48,459 48459 Extendedly
dominated
Ultrasound + AFP_real-world 232 58,266 1,492 549 0.04 37,674 37674
adherence
Ultrasound_full adherence 416 50048 782 548  -0.01 -123,501 68,343  Absolutely
dominated
Ultrasound + AFP_full adherence 529 60,078 1,812 5.52 0.03 54,921 45513
50-70  Status quo 83 55,562 528
Ultrasound_real-world adherence 199 56481 919 530 0.02 47,382 47,382 Extendedly
dominated
Ultrasound + AFP_real-world 233 57,026 1,464 532 0.04 37,316 37316
adherence
Ultrasound_full adherence 418 57,730 704 531 -0.01 -72,520 73,459 Absolutely
dominated
Ultrasound + AFP_full adherence 53.2 58,734 1,708 535 0.03 61,182 47,239
20-60  Status quo 85 59,044 5.80
Ultrasound_real-world adherence  19.2 60,056 1,012 5.82 0.02 42,757 42,757  Extendedly
dominated
Ultrasound + AFP_real-world 224 60,607 1,564 5.84 0.04 35,136 35,136
adherence
Ultrasound_full adherence 418 61439 832 583  -0.01 -101,613 65,954  Absolutely
dominated
Ultrasound + AFP_full adherence 530 62,575 1,968 5.88 0.03 56,373 44,470
30-60  Status quo 84 58,560 5.72
Ultrasound_real-world adherence  19.3 59,558 998 574 0.02 42,470 42,470 Extendedly
dominated
Ultrasound + AFP_real-world 225 60,104 1,544 5.76 0.04 35,356 35,356
adherence
Ultrasound_full adherence 418 60,930 826 576  -0.00 -171,248 61,009 Absolutely
dominated
Ultrasound + AFP_full adherence 53.0 62,037 1,933 5.80 0.04 51,496 42,816
40-60  Status quo 84 58,002 561
Ultrasound_real-world adherence 194 58973 971 5.64 0.02 44,327 44,327 Extendedly
dominated
Ultrasound + AFP_real-world 22.7 59,518 1,516 5.66 0.04 36,228 36,228
adherence
Ultrasound_full adherence 41.8 60,371 853 565 -0.00 -175,380 64,048 Absolutely
dominated
Ultrasound + AFP_full adherence 53.1 61450 1,932 5.69 0.03 55314 44910
50-60  Status quo 8.5 56,951 547
Ultrasound_real-world adherence  19.8 57938 987 549 0.02 42,155 42,155 Extendedly
dominated
Ultrasound + AFP_real-world 232 58,480 1,529 551 0.04 35,170 35,170
adherence
Ultrasound_full adherence 416 59307 827 550  -0.01 -100,712 66,787 Absolutely
dominated
Ultrasound + AFP_full adherence 53.1 60,343 1,863 554 0.03 61,130 45,865

AFP; Alpha-Fetoprotein; HCC, hepatocellular carcinoma; ICER, Incremental cost-effectiveness ratio; Incr, incremental: QALY, quality adjusted life years

1 A strategy with a higher ICER (relative to the next alternative) and lower QALY than the alternative was extendedly dominated by the alternative

§ Astrategy with higher cost and lower QALY than the alternative was absolutely dominated by the alternative
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Fig. 2 Tornado diagram of Ultrasound surveillance on baseline population at age range 40-80

Australian women aged 50 to 72 years were reported to Given the complexity of economic models, certain lev-
return for their next breast cancer surveillance round in  els of uncertainty always exist around the parameters,
2017 [45]. Nevertheless, even though failure to adhere to  characteristics of population, process of microsimulation,
regular surveillance might reduce the cost-effectiveness and structure of the model itself [48], especially when
of surveillance [46, 47], our model showed HCC surveil-  the model is run on a lifetime horizon. However, results
lance was still cost-effective when it incorporated the from our model validation (Appendix E) have shown that
real-world adherence rate. the model’s outcomes were predominantly consistent
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Fig. 3 Tornado diagram of Ultrasound + AFP surveillance on baseline population at age range 40-80

with the real-world data. We also followed good research  to whether or not the ultrasound+ AFP surveillance were
practice for model parameter estimation and uncertainty  considered cost effective mostly did not change. Only a
[48] by conducting multiple one-way and probabilistic  reduction in the proportion of HCC stage A in the popu-
sensitivity analyses together with scenario and threshold lation undergoing ultrasound+AFP surveillance would
analyses. Whilst varying the model’s parameters had an  make the ICER for this surveillance approach (with full
impact on the costs, QALYs and resulting ICER for each  adherence rate) exceed the WTP threshold. It should also
strategy, the sensitivity analyses showed the decision as  be pointed out that most of the model’s parameters were
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Cost-effectiveness acceptability curve
Surveillance at real adherence rate and status quo
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Fig. 4 Cost-effectiveness acceptability curves for surveillance at real adherence rate and status quo using baseline population aged 40 to 80 years

varied at a relatively wide range for one-way sensitivity
analyses.

Uncertainties around the baseline hypothetical
cohort used in our model were thoroughly investigated
by addressing exclusive surveillance of three separate
cohorts and adjusting different ranges of starting age for
the cohort. Furthermore, whilst the percentages of the
base population having compensated and decompen-
sated cirrhosis were shown to have an impact on ICERs
in the tornado diagram, varying those percentages by a
large extent did not change the conclusion that HCC sur-
veillance was cost-effective. With the Australian recom-
mendation that HCC surveillance should be offered to
all patients with cirrhosis regardless of age, our model
showed all the strategies for cirrhotic patients were cost-
effective over different ranges of starting age. Our find-
ings were in line with another health economic study
conducted in Australia, showing 6-month ultrasound
surveillance had an ICER of $23,090/QALY gained ver-
sus the status quo [49]. We also found exclusively surveil-
ling CHB people was not cost-effective due to the low
progression rate from CHB to compensated cirrhosis or
HCC, which resulted in a minor gain of QALYs compared
to the status quo. Our findings were comparable to previ-
ous economic evaluations on HCC surveillance for CHB
in Australia in 2009, showing biannual ultrasound+AFP
had an unfavourable ICER (> $400,000/QALY gained)
against the current practice [50]. Nevertheless, compared
to these previous works, we assessed a wide variety of

starting age ranges for the cohort and took into account
real-world adherence rate to reinforce our evaluation
results. Our threshold analysis showed the progression
rate of CHB would need to increase several folds in order
for surveillance to be cost-effective in this population.

We also conducted several scenario analyses to address
the impact of obesity/central adiposity on the sensitivity
of ultrasound. The results showed central adiposity could
reduce the cost-effectiveness of ultrasound+AFP due to
the lower rate of HCC being diagnosed at early stages,
but the strategies remained cost-effective. However, due
to the lack of data for sensitivity of ultrasound+AFP on
people with obesity/central adiposity, the early detec-
tion rate of this strategy was derived from data on ultra-
sound surveillance for people with obesity. Future studies
could investigate the diagnostic performance of ultra-
sound+AFP surveillance on people with obesity so that
more robust data could be inputted to our model.

Whilst the model was built to closely reflect the Aus-
tralian recommendations for HCC surveillance and man-
agement, structural and input parameters of the model
can be modified to conduct cost-effectiveness analyses
in other healthcare settings. Even though our model
demonstrates the cost-effectiveness of HCC surveil-
lance in Australia, it still has several limitations. Due to
the lack of Australian data for several input parameters
of our model, we relied on studies published for other
countries. As these studies may not truly reflect the dis-
ease status in Australia, we tried to mitigate this risk by
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prioritising data from countries with similar population
and clinical characteristics as Australia. Furthermore,
the risks of developing compensated cirrhosis and HCC
were assumed to be the same for all individuals with
CHB and constant over time, whilst there are possible
variations of risks amongst different age groups, ethnici-
ties, and gender of the CHB population. It is also due to
this assumption that the model was unable to simultane-
ously simulate all the diverse CHB populations recom-
mended for surveillance: Asian men older than 40 years,
Asian women older than 50, Sub-Saharan African people
older than 20, and Aboriginal and Torres Strait Islander
people older than 50. Instead, these groups were included
in the non-cirrhotic CHB group. This limitation was
addressed by conducting different scenarios and thresh-
old analyses, but certain level of uncertainties might still
remain. Future robust studies on age-dependent disease
progression of CHB for people of culturally diverse back-
grounds would provide important inputs for this model
to improve its outcomes. Another limitation was that the
HSUVs for treatment after the diagnosis of HCC were
mostly obtained from other economic modelling studies
and assumptions, which might not accurately represent
the utilities of this Australian population.

Considering the likely cost-effectiveness of HCC sur-
veillance, decisions can be made in regard to resource
allocation for surveillance programs in Australia at a
larger and systematic scale. Efforts are also needed to
increase awareness of HCC surveillance amongst health-
care providers and patients, and to address any barriers
to access or adherence to surveillance. This may involve
the establishment of targeted education and awareness
campaigns, the provision of adequate resources and per-
sonnel, and the implementation of policies and reim-
bursement models that support HCC surveillance.

Conclusions

HCC surveillance based on Australian recommenda-
tions using biannual ultrasound with or without AFP was
cost-effective. However, combining ultrasound with AFP
was more cost-effective than ultrasound alone due to its
lower ICER. Sub-group analyses showed surveillance
limited to people with cirrhosis was cost-effective, but
for only CHB people, surveillance would exceed the cost-
effectiveness threshold. The impact of obesity increased
the ICER of surveillance compared to the status quo, but
the results were within the accepted WTP threshold.

List of abbreviations

AFP Alpha-fetoprotein

BCLC Barcelona Clinic Liver Cancer

CHB Chronic Hepatitis B

cT Computed tomography

HCC Hepatocellular carcinoma

HSUV  Health state utility value

ICER Incremental cost-effectiveness ratio
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PLC Primary liver cancer
QALY Quality-adjusted life year

WTP Willingness to pay
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