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Abstract

This study aims to summarize cost-effectiveness analyses assessing image-based surveillance for
Hepatocellular Carcinoma (HCC) in cirrhotic patients. Data was collected from main medical databases
up to August 2016, to identify eligible studies assessing cost-effectiveness of HCC surveillance in
cirrhotic patients. The included studies were reviewed to extract information on study design,
surveillance strategies, model parameters, data sources of model variables, and results of base case
analysis. Base case Incremental Cost-Effectiveness Ratio (ICER) per life year was adjusted to the 2015
currency value and presented as a ratio to the 2015 Gross Domestic Product (GDP) per capita for
comparisons across countries. Simple linear regression analyses were performed to assess the impact of
model variables on adjusted ICER per Quality Adjusted Life Year (QALY). Twelve studies from 8
countries were identified. When compared to no surveillance, the ICERs per life year associated with
image-based surveillance were ranked by semi-annual Ultrasound (US) (0.16 GDP per capita), semi-
annual contrast-enhanced US (0.17 GDP per capita), annual US plus Alpha-Fetoprotein (AFP) (0.54
GDP per capita), semi-annual computed tomography plus AFP (0.60 GDP per capita), and semi-annual
US plus AFP (0.63 GDP per capital). Semi-annual surveillance (coefficient 1.919, P=0.002) and annual
mortality of decompensated cirrhosis (coefficient 13.762, P<0.001) were significantly associated with
increased ICERs per QALY for image-based surveillance. Semi-annual US was likely the most cost-
effective image-based surveillance for HCC in cirrhotic patients. The cost-effectiveness of HCC

surveillance was highly sensitive to surveillance frequency and mortality of decompensated cirrhosis.

Keywords: Incremental cost-effectiveness ratio (ICER), Liver cancer, Cirrhosis, Screening, Quality adjusted life year

(QALY).

Introduction

Highly prevalent chronic viral hepatitis and limited access to
effective antiviral therapy in developing countries and
increasing incidence of hepatitis C-related cirrhosis in
developed countries make Hepatocellular Carcinoma (HCC)
continue to be a major global health problem and cause over
half a million deaths globally per annum [1-3]. HCC is a
curable disease when the tumor stage is detected early enough.
Current curative therapy, including surgical resection, ablation,
or liver transplantation could significantly improve the 5-y
survival rate from 40% to 70% in patients with HCC smaller
than 3 cm [4]. Thus, HCC surveillance in at-risk patients has
been advocated and recommended by clinical practices
guidelines for early detection of HCC [5-7].

Image-based methods are often recommended for HCC
surveillance because they do not involve any invasive
procedures and have relatively higher sensitivity and
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specificity to detect small HCC than other non-invasive
methods [8-12]. Several studies have assessed the cost-
effectiveness of image-based HCC surveillance using a
Markov model approach but it is challenging to generalize the
generated economic evidence because of the differences in
sensitivity and specificity of image-based techniques, time
intervals between surveillance tests, surveillance population,
patterns of care, cost perspective, model structure, and model
variable estimates [13-37]. Thus, we conducted this study to
systematically review the published cost-effectiveness analyses
assessing image-based HCC surveillance and to explore how
differences across those studies affect the cost-effectiveness of
HCC surveillance.

Materials and Methods

This study was designed to systematically review the published
cost-effectiveness analyses assessing image-based HCC
surveillance in cirrhotic patients, irrespective of their etiology.
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The image-based techniques in our study included Ultrasound
(US), Enhanced Contrast US (ECUS), Computed Tomography
(CT), and Magnetic Resonance Imaging (MRI). This study was
conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee
of Central South University. Written informed consent was
obtained from all participants.

Identifying eligible studies

The medical databases searched in our study included
MEDLINE, EMBASE, ISI Web of Science, and The Cochrane
Library. The search period was set from January 1, 1990 to
August 10, 2016. The search strategies were developed by
combining key words for cost-effectiveness (cost-
effectiveness, cost-utility, cost-benefit, cost-minimization,
incremental cost-effectiveness ratio, incremental cost-utility
ratio, Incremental Cost-Effectiveness Ratio  (ICER),
Incremental Cost-Utility Ratio (ICUR), Markov, Willingness-
To-Pay (WTP), Net Monetary Benefit (NMB)), image
techniques used for HCC diagnosis (ultrasound, US, contrast
enhanced ultrasound, contrast-enhanced ultrasonography
(CEUS), computed tomography (CT), magnetic resonance
imaging (MRI), HCC, liver cancer, or hepatoma), surveillance
(detection, screening, screen, surveillance, or case finding), and
cirrhosis (cirrhosis, cirrhotic, or cirrhotics). We also searched
the proceedings of conferences related to liver diseases (the
American Association for the Study of Liver Diseases
(AASLD) and European Association For The Study Of The
Liver (EASL)) or health economics (ISPOR, SMDM, HTAI,
and iHTA) from 2011 to 2016 for any eligible studies that had
not been fully published prior to the ending date of our
literature search. The identified references from each searched
database were pooled and cleaned by deleting duplicated
records. The title and abstracts of the identified references were
reviewed to identify references for further eligibility
assessment by reviewing their full publication text. We
included original studies comparing an image-based HCC
surveillance strategy versus no surveillance or another HCC
surveillance strategy for both health benefits and costs in
cirrhotic patients, irrespective of their etiology. We excluded
studies published in a language other than English and review
articles, commentary, letters, or other publications, which were
not original studies performing cost-effectiveness analysis.

Data extraction

We reviewed the full publication text of the eligible studies to
extract the information on study design, HCC surveillance
strategy, surveillance population, model approach, model
structure, data sources for model variables, model assumptions,
and the results of base case cost-effectiveness analysis. We
extracted the time horizon, cost perspective, types of outcome
measure for health benefits and costs, annual rates applied to
discount benefits and/or costs, and model approach. The HCC
surveillance strategies assessed in the cost-effectiveness
analyses were reviewed to extract the type of image test and
surveillance frequency. The surveillance populations in the
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cost-effectiveness analyses were identified to extract their
baseline characteristics including age, gender, liver disease
severity, and etiology of cirrhosis. If a Markov model was used
to perform the cost-effectiveness analysis, we also extracted
model cycle length, model assumptions, and model variable
estimates. Additionally, the source references used to estimate
model variables were traced and the original data in the source
references were extracted for assessing uncertainty associated
with model variable estimates. The type of currency and the
currency year used in the cost-effectiveness analyses were
extracted for cost adjustment in our study’s data analyses.
Finally, the results of base case cost-effectiveness analyses for
the assessed image-based HCC surveillance, usually presented
by incremental cost-effectiveness ratios (ICER), were
extracted.

Data analysis

Descriptive statistical methods were used to summarize the
collected data for study characteristics, characteristics of HCC
surveillance populations, model structures, and source
references of model variable estimates. We performed a single-
arm meta-analysis using the original data collected from source
references of model probability and utility variables to
demonstrate the current data gap in analyses assessing the cost-
effectiveness of HCC surveillance. The model cost variables
were adjusted to the 2015 currency value using the country’s
historic inflation rates and converted to US$ using the
exchange rate on Dec 31, 2015. The base case ICERs
associated with image-based HCC surveillance strategies were
adjusted to the 2015 currency value using the country’s historic
inflation rate and divided by the country’s 2015 GDP per capita
in order to compare image-based HCC surveillance strategies
across countries. Simple linear regression analyses were
performed using HCV surveillance strategies and model
estimates as independent variables to explore their impact on
the cost-effectiveness of image-based surveillance indicated by
the base case ICER per quality adjusted life year (QALY). SAS
9.2 was used to perform the data analyses described above and
statistical significance defined in our study was a two-sided P
value less than 0.05.

Results

The search of included medical databases and conference
proceedings using the developed search strategies identified
253 references and 230 references were excluded after reading
their titles and abstracts. The eligibility of the remaining 23
references was further assessed by reviewing their full
publication text [13-37]. After excluding 2 reviews, 2 survey
studies, 2 cohort studies, 3 cost studies [27,29], 1 model study,
and 1 utility study, 12 studies meeting the inclusion criteria
were included for data extraction and data analysis
[14,15,18,20,23,25-27,29,31,32,34-36].

Characteristics of included studies

The included 12 studies comprised 11 full publications and 1
abstract that performed 8 cost-utility analyses and 5 cost-
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effectiveness analyses assessing HCC surveillance using US (5
studies), a combination of US and AFP (10 studies), a
combination of CT and AFP (2 studies), CEUS (1 study), CT
(1 study), MRI (1 study), or the combination of MRI and AFP
(1 study) per 3 months (1 study), 6 months (11 studies), 10
months (1 study), or 12 months (6 studies) in cirrhotic patients
with chronic hepatitis C (3 studies), chronic hepatitis B (2
studies), mixed chronic hepatitis B and C (1 study), or mixed
etiology (6 studies) in 8 countries, which were the United
States (4 studies), the United Kingdom (1 study), Italy (1
study), Switzerland (1 study), Japan (2 studies), Singapore (1
study), Taiwan (1 study), and Thailand (1 study)
[14,15,18,20,23,25,26,31,32,34-36].

The 12 studies developed Markov models to assess both the
health benefits and costs associated with image-based HCC
surveillance from a social (3 studies) or payer’s perspective (9
studies) in a time horizon of 10 y (1 study), 20 y (2 studies), 25
y (2 studies), more than 30 y (3 studies), or unspecified (2
studies). Of the Markov models in these 12 studies, 2 had a 1-
month cycle length, 8 had a 6-month cycle length, and 2 had a
1-y cycle length. Over half of the Markov models contained
the following health states: death, HCC terminal stage,
compensated cirrhosis with or without HCC, decompensated
cirrhosis with or without HCC, HCC prior to terminal stage,
and HCC post resection. However, very few models took into
account HCC recurrence and other curative treatments for
HCC, such as liver transplantation and ablation.

Model variable estimates based on source references

The source references used to estimate the probability and
utility variables in the Markov models were identified for

pooled estimates. Of the studied image techniques used in
HCC surveillance strategies, US had the largest number of
source references used to estimate its sensitivity and specificity
for detecting 2 to 5 cm HCCs [30]. Model variables for the
sensitivity and specificity of the imaging methods used for
HCC screening in cirrhotic patients are provided in Table 1.
The numbers of identified source references used to estimate
the sensitivity and specificity of CT, US plus AFP, MRI, and
CEUS for detecting HCC less than 3 cm were 12, 11, 5, and 1,
respectively. The pooled estimations based on the source
references for the sensitivity and specificity ranged from 0.645
for US to 0.900 for CEUS and from 0.859 for US plus AFP to
0.985 for CEUS, respectively. Meta-analysis of Utility of Child
A class cirrhosis-Forest plot and Meta-analysis of Utility of
Terminal HCC-Forest plot are provided in Figures 1 and 2.
Other probability variables with 10 or more source references
included annual risk of HCC, annual mortality of advanced
HCC, first year mortality after HCC resection, annual mortality
of compensated cirrhosis, annual mortality of decompensated
cirrhosis, annual transition probability from compensated
cirrhosis to decompensated cirrhosis, annual transition
probability from small HCC to large HCC, and risk of HCC
recurrence. A summary of the model variables for natural
history of cirrthosis and HCC used in assessing the cost-
effectiveness of HCC screening in cirrhotic patients is provided
in Table 2. Health states with 10 or more source references for
their utility estimates included decompensated -cirrhosis,
compensated cirrhosis, liver transplantation, HCC late stage,
and HCC prior to late stage. A summary of the utility variables
used in the included studies assessing cost-effectiveness of
screening for HCC in cirrhotic patients is provided in Table 3.

Table 1. Summary of model variables for sensitivity and specificity of image methods used for HCC screening in cirrhotic patients.

Variable name Pooled estimation

Data sources (number
of references)

Tumor size Mean 95% Cl lower limit 95% upper limit
Specificity of CEUS <3cm 0.95 0.8 0.95 1
Sensitivity of CT <3cm 0.95 0.9 1 12
Specificity of CT <3cm 0.91 0.86 0.96 12
Specificity of US 2-5cm 0.91 0.86 0.96 14
Sensitivity of CEUS <3 cm 0.9 0.8 0.95 1
Specificity of MRI 0.5-2.0 cm 0.9 0.8 0.96 5
Sensitivity of AFP+US <3 cm 0.85 0.71 0.99 11
Sensitivity of MRI 0.5-2.0 cm 0.85 0.55 0.91 5
Specificity of AFP <3cm 0.83 0.76 0.9 15
Specificity of AFP+US <3cm 0.81 0.73 0.88 8
Sensitivity of US 2-5¢cm 0.64 0.52 0.76 30
Sensitivity of AFP <3cm 0.58 0.43 0.72 18
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Note: HCC: Hepatocellular Carcinoma; CEUS: Contrast-Enhanced Ultrasound; US: Ultrasound; AFP: Alpha Fetoprotein; CT: Computed Tomography; MRI: Magnetic

Resonance Imaging.

Experimental Control Risk difference Risk difference
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Tanaka, H. et al. C001 72 96 0 96  37.7% 0.75 [0.66, 0.84] 2012 -
Cucchetti, A. et al. C002 16 20 0 20 83% 0.80[0.61,0.99] 2012 —_—
Srisubat, A. et al. C004 0 0 0 0 Not estimable 2010
Shih, S.T, et, al. C005 0 0 0 0 0.0% 0.75 [0.66, 0.84] 2010
Thompson, et al. C009 72 96 0 96 37.7% 0.75 [0.66, 0.84] 2008 -
Andersson, K. et al. C012 9 11 0 11 44% 0.82[0.56, 1.07] 2008 —_—
Nouso, K. et al. CO11 3 4 0 4 13% 0.75[0.27, 1.23] 2008 —_—
Patel, D. et al. C013 0 0 0 0 Not estimable 2005
Lin, O.S., etal. C014 14 18 0 18 6.9% 0.78 [0.57, 0.98] 2004 —_—
Arguedas, ML.R. et al. C016 8 10 0 10 3.8% 0.80 [0.52, 1.08] 2003 _—
Sarasin, F. P., et al. C021 0 0 0 0 Not estimable 1996
Kang, J. Y. et al. C023 0 0 0 0 Not estimable 1992
Total (95% CI) 255 255 100.0% 0.76 [0.71, 0.81] &
Total events 194
Heterogeneity: Tau?=0.00; Chi*=0.58, df=6 (P=1.00), I’=0% 5 + + 4
Test for overall effect: Z=27.73 (P<0.00001) -1 -0.5

Figure 1. Forest plot for Meta-analysis of Utility of Child A class cirrhosis are provided.
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Experimental Control Risk difference Risk difference
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Arguedas, M. R.et, al. C016 5 23 0 23 14.5% 0.22 [0.04, 0.39] 2003 —_—
Patel, D. et, al, C013 13 44 0 44 18.0% 0.30 [0.16, 0.43] 2005 ——
Andersson, K. et, al. C012 7 28 0 28 15.5% 0.25[0.08, 0.42] 2008 _—
Shih, S.T, et, al, C005 0 0 0 0 Not estimable 2010
Shih, S.T, et, al, C005 1 11 0 11 11.6% 0.09 [-0.13, 0.31] 2010 -
Shih, S.T, et, al, C005 5 28 0 28 16.8% 0.18[0.03, 0.33] 2010 —_——
Cucchetti, A, et, al, C002 56 140 0 140 23.5% 0.40 [0.32, 0.48] 2012 ——
Total (95% CI) 274 274 100.0% 0.26 [0.16, 0.36] -
Total events 87 0

Heterogeneity: Tau?=0.01; Chi*=13.30, df=5 (P=0.02), ’=62%
Test for overall effect: Z=5.20 (P<0.00001)

-0

Figure 2. Forest plot for Meta-analysis of Utility of Terminal HCC are provided.
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Table 2. Summary of model variables for natural history of cirrhosis and HCC used in assessing the cost-effectiveness of HCC screening in

cirrhotic patients.

Variable name (annual transition probability)

Pooled estimation

Data sources (number
of references)

Mean 95% Cl lower limit 95% upper limit
Complication rate of liver biopsy 0.01 0 0.1 4
Mortality of liver transplant for HCC (first year) 0.1 0.05 0.21 3
Mortality of liver transplant for HCC (subsequent year) 0.04 0.02 0.15 3
Mortality of advanced HCC 0.8 0.66 0.94 23
Mortality of compensated cirrhosis 0.03 0.01 0.1 16
Mortality of compensated cirrhosis with no treated HCC 0.05 0.04 0.23 3
Mortality of decompensated cirrhosis 0.21 0.15 0.27 14
Cumulative mortality of decompensated cirrhosis (2 y) 0.5 0.37 0.53 2
Cumulative mortality of decompensated cirrhosis (3 y) 0.5 0.47 0.63 1
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Cumulative mortality of decompensated cirrhosis (5 y) 0.7 0.6 0.8 7
Mortality of Early stage of HCC 0.18 0.09 0.27 5
Mortality of post-surgery resection for HCC (1 y) 0.15 0.12 0.21 1
Cumulative mortality of post-surgery resection for HCC (3 y) 0.38 0.24 0.46 1
Mortality of HCC surgery resection for HCC (1y) 0.04 0.04 0.04 18
Cumulative mortality of HCC post-surgery resection (5 y) 0.56 0.49 0.62 4
Mortality of compensated cirrhosis with HCC treated with 0.11 0.05 0.5 5
TACE/PEI

Mortality of decompensated cirrhosis with HCC treated with 0.3 0.25 0.65 5
TACE/PEI

Cumulative mortality of compensated cirrhosis with HCC 0.54 0.32 0.68 2
treated by RFA (5y)

Cumulative mortality of decompensated cirrhosis with HCC 0.69 0.6 0.73 2
treated by RFA (5 y)

Mortality of liver biopsy 0.01 0.01 0.05 1
Mortality of liver resection within 30 d 0.07 0.03 0.1 5
Mortality of liver transplant for decompensated cirrhosis 0.05 0.03 0.07 16
Mortality of liver transplant surgery for donor 0.2 0.1 0.4 2
Mortality of post-transplantation 0.03 0.01 0.1 6
Mortality of radiofrequency ablation 0 0 0.02 2
Mortality of small HCC 0.21 0.15 0.29 7
Mortality rate following OLT (1 y)-ALD 0.08 0 0.15 1
Mortality rate following OLT (1 y)-HBV 0.22 0.1 0.34 1
Mortality rate following OLT (1 y)-HCV 0.12 0.07 0.18 1
Cumulative mortality of post-transplantation (5 y) 0.3 0.2 0.35 1
HCC progression from small to large 0.33 0.16 0.5 13
HCC progression from small to large after TAE treatment 0.1 0.02 0.2 3
Progression from compensated cirrhosis to ascites 0.22 0.1 0.3 2
Progression from compensated cirrhosis to de-compensation 0.05 0.04 0.06 14
Progression from compensated cirrhosis with HCC surgery 0.1 0.01 0.25 4
resection to de-compensation

HCC progression from small to middle size 0.3 0.2 0.4 3
Risk of HCC in decompensated cirrhosis 0.04 0.01 0.1 7
Risk of HCC recurrence 0.2 0.14 0.25 10
Risk of new HCC 0.03 0.02 0.04 32
Risk of SBP 0.18 0.06 0.29 5
Risk of variceal bleeding 0.17 0 0.35 7

Note: HCC: Hepatocellular Carcinoma; TACE: Transcatheter Arterial Chemoembolization; PEI: Percutaneous Ethanol Injection; RFA: Radiofrequency Ablation; OLT:
Orthotopic Liver Transplantation; TAE: Transcatheter Arterial Embolization; SBP: Spontaneous Bacterial Peritonitis.

Cost variables by countries

Our study collected cost variables from the Markov models
assessing the cost-effectiveness of image-based HCC

Biomed Res 2017 Volume 28 Issue 21

surveillance in 7 countries (except Thailand). According to the
adjusted costs of performing US in 6 countries, US cost the
least in the UK (0.002 GDP per capita) and the highest in Italy
(0.008 GDP per capita). Of the 4 countries reporting the cost of
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performing CT, the UK had the least cost (0.005 GDP per
capita) and Japan had the highest cost (0.019 GDP per capita).
The cost of performing MRI was reported for the UK (0.009
GDP per capita), Switzerland (0.016 GDP per capita), and
USA (0.033 GDP per capita).

Table 3. Summary of utility variables used in the included studies
assessing cost-effectiveness of screening for HCC in cirrhotic
patients.

Data sources
(number  of

Variable name Pooled estimation

references)
Mean 95% Cl 95% upper
lower limit  limit

Full health 1 1 1 2
Compensated cirrhosis 0.76 0.71 0.81 13
Liver transplantation 0.71 0.64 0.78 12
Resection and Post 0.67 0.52 0.83 5
resection

Decompensated cirrhosis  0.64 0.57 0.72 14
No terminal phase HCC 0.62 0.54 0.7 10
Terminal phase HCC 0.26 0.16 0.36 1
Death 0 0 0 8

Note: HCC: Hepatocellular Carcinoma.

The included studies also reported medical costs for several
main health states in the Markov models. The adjusted annual
medical costs for compensated cirrhosis in 5 countries ranged
from 0.013 GDP per capita in Japan to 0.061 GDP per capita in
Italy. The adjusted annual medical costs for decompensated
cirrhosis in 4 countries ranged from 0.137 GDP per capita in
Japan to 0.431 GDP per capita in the UK. The included studies
from 5 countries reported HCC resection costs that ranged
from 0.248 GDP per capita in the UK to 0.666 GDP per capita
in the USA. Liver transplantation costs in 3 countries were

Xiong/Huang

reported in the included studies and ranged from 1.002 GDP
per capita in the UK to 4.456 GDP per capita in the USA.
Terminal care costs for advanced HCC were reported in the
included studies from 5 countries and ranged from 0.057 GDP
per capita in the UK to 0.501 GDP per capita in Switzerland.
Other reported cost variables included post-liver
transplantation (ranging from 0.377 to 0.608 GDP per capita in
the USA, UK, and Italy) and palliative treatment with TACE
(ranging from 0.015 to 0.501 GDP per capita in the USA, UK,
Switzerland, Japan, and Taiwan).

Base case ICER associated with image-based HCC
surveillance versus no surveillance

A summary of baseline cost-effectiveness of screening for
HCC in cirrhotic patients in the included studies (ICER per
gained LY) is provided in Table 4. Five studies reported base
case ICERs per life year associated with HCC surveillance
using semi-annual US (0.163 GDP per capita), semi-annual US
plus AFP (0.634 GDP per capita), semi-annual CEUS (0.172
GDP per capita), annual US plus AFP (0.543 GDP per capita),
and the combination of annual CT and semi-annual AFP (0.603
GDP per capita) for the comparisons with no HCC surveillance
in the USA and Japan. In one Japanese study, when using
QALY as a health benefit outcome measure, HCC surveillance
using semi-annual US was associated with an ICER of 0.930
GDP per capita. The cost-effectiveness of semi-annual US plus
AFP was assessed in 3 studies (2 studies from the USA and 1
study from Thailand). The base case ICER per QALY
associated with semi-annual US plus AFP was 4.403 GDP per
capita but ranged from 0.733 to 1.415 in the two studies from
the USA. In one Japanese study, HCC surveillance using semi-
annual CEUS was cost-effective by having an ICER of 0.382
GDP per capita for additional QALY. Three studies from the
USA reported base case ICERs for HCC surveillance using
annual US (0.632 GDP per capita), annual US plus AFP (0.599
GDP per capita), semi-annual CT (9.893 GDP per capita), and
semi-annual CT plus AFP (0.708 GDP per capita).

Table 4. Summary of baseline cost-effectiveness of screening for HCC in cirrhotic patients in the included studies (ICER per gained LY).

Intervention strategy Control strategy

ICER (GDP per capital per gained LY)

US (6-month) No surveillance 0.16
CEUS (6-month) No surveillance 0.17
US+AFP (12-month) No surveillance 0.54
CT+AFP (6-month) No surveillance 0.6

AFP+US (6-month) No surveillance 0.63
CT (12-month)+AFP (6-month) US (12-month)+AFP (6-month) 1.08
AFP+US (6-month) US (12-month)+AFP (6-month) 1.76
CT+AFP (12-month) US+AFP (12-month) 0.74
CEUS (6-month) US (6-month) 0.22
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AFP+US (6-month) CT (12-month)+AFP (6-month) 2.02
MRI+AFP (6-month) CT+AFP (6-month) 2.84
CT+AFP (6-month) AFP+US (6-month) 0.41
CT+AFP (6-month) AFP+US (6-month) 2.13
US (12-month)+AFP (6-month) AFP+US (12-month) 0.74
AFP+US (6-month) Opportunistic screening 0.85

Note: HCC: Hepatocellular Carcinoma; CEUS: Contrast-Enhanced Ultrasound; US: Ultrasound; AFP: Alpha Fetoprotein; CT: Computed Tomography; MRI: Magnetic
Resonance Imaging; LY: Life Year; ICER: Incremental Cost-Effectiveness Ratio; GDP: Gross Domestic Product.
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Figure 3. Regression analysis of mortality of liver transplant to ICER
(GDP/QALY)-scatter plot are provided.

Other comparisons

Two studies from the USA compared CT plus AFP versus US
plus AFP at 6-month or 12-month surveillance intervals and
the reported base case ICERs ranged from 0.466 to 2.514 GDP
per capita for additional QALYs and from 0.412 to 2.127 GDP
per capita for additional life years. Another 4 studies from the
USA, UK, and Italy compared semi-annual AFP plus US
versus annual US plus semi-annual AFP, annual CT plus semi-
annual AFP, annual AFP plus US, and semi-annual AFP,
respectively, and the generated base case ICERs per QALY
ranged from 1.292 to 2.557 GDP per capita. One study from
the USA compared annual US plus semi-annual AFP versus
annual US plus AFP and generated a base care ICER of 0.737
GDP per capita for an additional life year or 0.842 GDP per
capita for an additional QALY. One Japanese study compared
semi-annual ECUS versus semi-annual US and generated a
base case ICER of 0.218 GDP per capita for an additional life
year or 0.504 GDP per capita for an additional QALY. One
study from Taiwan compared semi-annual US plus AFP versus
opportunistic screening and reported a base case ICER of 0.850
GDP per capita for an additional QALY. Finally, one study
from the USA compared annual MRI plus semi-annual AFP
versus annual CT plus semi-annual APF for HCC surveillance
and generated a highly unattractive ICER for both an
additional life year (2.839 GDP per capita) and QALY (3.312
GDP per capita). Regression analyses of mortality of liver
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transplant to ICER (GDP/QALY)-scatter plot are provided in
Figure 3.

Discussion

Several features of HCC make it a potentially viable target for
screening. First, HCC occurs in a well-defined risk population.
The primary risk factor is cirrhosis, particularly that related to
viral hepatitis. Second, HCC has a protracted subclinical phase.
Natural history studies have shown that once cirrhosis is
present, up to 20% of patients may develop HCC during the
next 10 y [38]. During the subclinical phase, there are often no
distinctive symptoms that distinguish patients with HCC from
those with only cirrhosis. By the time diagnosis is made, over
85% of tumors are unresectable because of size, multi-focality,
hepatic de-compensation, or invasion of the portal vein or
surrounding structures [39]. Nonetheless, early detection of
this cancer can help doctors to cure it completely [40].
However, for resectable HCCs, the outlook appears to be
considerably brighter. Therefore, surveillance is recommended
in patients at risk of developing HCC, to identify early-stage
tumors that are amenable to curative treatments, thus
improving patients’ survival [41,42]. The benefit of HCC
surveillance has been demonstrated by a randomized controlled
trial performed in chronic HBsAg carriers and confirmed by
several cohort studies carried out in cirrhotic patients [43].
Semi-annual surveillance is superior to annual surveillance in
terms of cancer stage, amenability to curative/effective
treatment and patients’ survival [44]. Nonetheless, in the USA,
surveillance for HCC is carried out in less than 20% of at-risk
patients, and in Italy, only half of HCCs are diagnosed during
surveillance [45].

This study is a systematic review of available evidence about
the cost-effectiveness of HCC image-based screening
techniques. Similar to a natural river that often finds good
paths among many possible paths in its way from the source to
its destination; liver cancer screening also comprises many
imaging methods [46]. This systematic review included
economic evaluation studies conducted in different countries.
In general, a screening strategy is likely to be cost- effective in
every setting considered and a semi-annual surveillance was
shown to be the most cost effective timing strategy. The
strategy of surveillance 6-monthly AFP plus US was the most
cost effective strategy on all measures, resulting in savings of
4.40 GDP per capita. Compared to no surveillance, this
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strategy is estimated to more than triple the number of people
with operable HCC of less than 3 cm at diagnosis, and almost
halve the number of people who die from HCC. However, the
cheapest surveillance strategy, annual AFP, which can result in
savings of 0.88 GDP still achieved substantial savings
compared to no surveillance; for example, it more than doubles
the number of operable HCC tumors found, and increases the
number of small tumors found more than six-fold. As regards
CEUS, a recent study on the cost-effectiveness of surveillance
for HCC reported the sensitivity of US at only 28.6% for
detecting middle-sized HCC (between 2 and 5 cm in diameter).
However, a meta-analysis for the overall sensitivity and
specificity of CEUS for the diagnosis of malignant liver lesions
was 93% (95% CI: 91-95%) and 90% (95% CI: 88-92%)),
respectively [47]. The sensitivity of US depends on the skill of
the operator, especially in LC patients, in which the
intrahepatic echo patterns roughen with advanced fibrosis.
When the US sensitivity is expected to be low due to patient
physiologic factors, such as obesity, CEUS surveillance is
recommended. CEUS sensitivity was a critical factor for cost-
effectiveness. When the CEUS group was compared to the US
group, CEUS surveillance was not cost-effective if its
sensitivity was lower than 75%. As noted earlier, CEUS using
Sonazoid is effective for Kupffer imaging, and it has been
reported to have a high sensitivity [48]. This helps technicians
to detect HCC more easily. Thus, CEUS sensitivity greater
than 75% represents a reasonable value. On all effectiveness
measures (except for the proportion of the cohort who have
medium HCCs at diagnosis), surveillance with CT or MRI is as
effective as, or slightly more effective than surveillance with
US at the same frequency. However, the cost of CT or MRI
was higher; its ICER was the largest (9.89 GDP), and its cost-
effectiveness was the least.

Estimates of the sensitivity and specificity of the imaging
instrument, such as US, CEUS, CT, MRI, drawn from
screening studies have two shortcomings, from the perspective
of a modeling study. First, results are fundamentally tied to the
frequency with which surveillance was conducted. Second, the
sensitivity of screening tests is almost certainly exaggerated
when derived from the surveillance literature.

Discrepancies in the results exist when assessing the type of
technology to be used. US in association with AFP technology
is likely to be the most cost effective, and the use of CT shows
controversial results. Screening should be implemented to
detect HCC at an early stage of cirrhosis, and it is likely to be
not cost effective as the HCC progresses, or after liver
transplantation. Results from Bolondi et al. are likely to be out
of the range of the cost effectiveness, which in other studies
comparing the same strategies is around $30,000 per QALY
[49]. The results are derived from trials and have been
conducted by following a societal perspective.

Incidence of HCC recurrence had the strongest association
with the cost effectiveness of HCC screening but the
association was not statistically significant due to the small
number of included studies (regression coefficient 41.899,
P=0.357). In general, if the ratio of HCC recurrence increases,
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the cost will increase, the life year or QALY will decrease, and
therefore the ICER will also increase, reducing cost
effectiveness. The incidence of HCC is also the key parameter
which determines the cost effectiveness of HCC screening
(regression coefficient 15.996, P=0.465). The incidence of
HCC is the most critical parameter in decision-making for the
surveillance of patients with cirrhosis. In our meta-analysis, we
calculated a baseline mean value (mean: 0.03, 95% CI 0.02,
0.04), but most studies in Japan reported 5-8% as the incidence
of HCC is higher than that in the USA and Europe [50-52].

Mortality of advanced HCC, mortality of compensated
cirrhosis, and mortality of liver transplant, which are
negatively related to ICER (regression coefficient -33.038,
P=0.424), are the key parameters determining the cost
effectiveness of HCC screening.

This study used a new method that seems more rational for
evaluating the ICER. The differences in type and year of
currency make it difficult to compare the cost effectiveness of
HCC screening between the included studies. This systematic
review adjusted the original ICER reported in the included
studies to the current value using the history of inflation rate in
the country and then using latest exchange rate to convert the
adjusted ICER from the local currency to USS$. Because the
economic status of a country has a significant impact on the
cost effectiveness analysis, this systematic review further
adjusted ICER using the latest GDP per capita of the country in
order to compare the cost effectiveness of HCC screening
strategies across countries.

This system review also has some shortcomings. There was a
lack of randomized controlled trials (RCTs) that could help to
address many of the questions about the cost effectiveness of
HCC screening programs in a real setting. In particular, the
organization of healthcare is likely to be the key factor
determining the effectiveness and cost-effectiveness of a
screening program.

RCTs should be designed following a health technology
assessment (HTA)-based approach, considering cost
effectiveness as well as organizational, societal, and safety
aspects of both the screening techniques and the subsequent
treatment. We recognize that an RCT of HCC screening is
desirable and represents the ideal study. Further, our results
were analyzed based on some assumptions. Thus, although
validation is desirable, it is difficult due to ethical issues.

From the results of our analysis, we could indicate that the
parameters except the HCC incidence rate, US sensitivity, and
CEUS sensitivity have little impact on cost effectiveness. This
systematic review also has some limitations, some linked to the
search being limited to English, which may have led to the
exclusion of some relevant articles. More information is
needed as regards which developing technology is the most
cost effective. The quality of the studies should be improved
and the design of new HTA-based clustered RCTs is needed for
the decision-makers to be better supported.
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Conclusions

Surveillance for the early detection of HCC is being widely
applied around the world. US and serum AFP tests at 6-month
intervals are the standard surveillance method. Developing an
individualized, highly accurate imaging surveillance strategy
based on the risk assessment of a subject will be used to
balance cost effectiveness and increase sensitivity in early
diagnosis of HCC. We conclude that screening programs for
HCC are cost effective when applying US every 6 months to
cirrhotic patients for HCC screening. Preventing HCC
recurrence could substantially improve the cost effectiveness
of image-based screening for HCC in cirrhotic patients.
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