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Background & Aims: Successful treatment of chronic hepatitis C
with oral direct-acting antivirals (DAAs) leads to virological cure,
however, the subsequent risk of hepatocellular carcinoma (HCC)
persists. Our objective was to evaluate the cost-effectiveness of
biannual surveillance for HCC in patients cured of hepatitis C and
the optimal age to stop surveillance.

Methods: We developed a microsimulation model of the natural
history of HCC in individuals with hepatitis C and advanced fibrosis
or cirrhosis who achieved virological cure with oral DAAs. We used
published data on HCC incidence, tumor progression, real-world
HCC surveillance adherence, and costs and utilities of different
health states. We compared biannual HCC surveillance using ul-
trasound and alpha-fetoprotein for varying durations of surveil-
lance (from 5 years to lifetime) vs. no surveillance.

Results: In virologically cured patients with cirrhosis, the incre-
mental cost-effectiveness ratio (ICER) of biannual surveillance
remained below $150,000 per additional quality-adjusted life
year (QALY) (range: $79,500-$94,800) when surveillance was
stopped at age 70, irrespective of the start age (40-65). Compared
with no surveillance, surveillance detected 130 additional HCCs in
‘very early’[early stage and yielded 51 additional QALYs per 1,000
patients with cirrhosis. In virologically cured patients with
advanced fibrosis, the ICER of biannual surveillance remained
below $150,000/QALY (range: $124,600-$129,800) when sur-
veillance was stopped at age 60, irrespective of the start age (40-
50). Compared with no surveillance, surveillance detected 24
additional HCCs in ‘very early’/early stage and yielded 12 addi-
tional QALYs per 1,000 patients with advanced fibrosis.
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Conclusion: Biannual surveillance for HCC in patients cured of
hepatitis C is cost-effective until the age of 70 for patients with
cirrhosis, and until the age of 60 for patients with stable
advanced fibrosis.

Lay summary: Individuals who are cured of hepatitis C using
oral antiviral drugs remain at risk of developing liver cancer. The
value of lifelong screening for liver cancer in these individuals is
not known. By simulating the life course of hepatitis C cured
individuals, we found that ultrasound-based biannual screening
for liver cancer is cost-effective up to age 70 in those with
cirrhosis and up to age 60 in those with stable advanced fibrosis.
© 2022 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Chronic hepatitis Cis the leading cause of hepatocellular carcinoma
(HCC) in the United States. However, with the availability of new
direct-acting antivirals (DAAs), 90-100% of patients with hepatitis
C, even those who could not be treated with previously available
interferon-based therapies, can now achieve a virological cure
(defined as a sustained virological response or SVR).! Although
successful treatment resulting in SVR represents a “cure” from the
standpoint of persistent infection, the subsequent risk of HCC
persists after treatment with DAAs and remains an important
contributor to liver-related morbidity and mortality in the post-
DAA era>™

With the wide use of DAAs, the number of patients with
virologically cured hepatitis C has rapidly increased from 0.5
million in 2012 to 1.5 million in 2020 in the United States.’
Similar trends are expected in other countries that have suc-
cessfully treated a large number of patients with DAAs.
Furthermore, the proportion of patients with advanced liver
disease among this cohort has increased.® As such, most patients
with hepatitis C in clinical practice will be those who have been
virologically cured with DAAs and yet have advanced liver dis-
ease, either fibrosis or cirrhosis.” For instance, the number of
individuals who could potentially benefit from HCC surveillance,
i.e., those with advanced liver disease is projected to increase
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from 106,000 in 2012 to 649,000 in 2030.° For this growing
population, routine HCC surveillance is critical to improve early
cancer detection and improve survival outcomes.’

The optimal policy for routine HCC surveillance for patients
with virologically cured hepatitis C remains unclear.*° Despite
limited evidence on the cost-effectiveness of HCC surveillance for
this patient group, the American Association for the Study of Liver
Diseases (AASLD) recommends biannual ultrasound-based (with or
without alpha-fetoprotein) surveillance for HCC in patients with
cirrhosis who achieve virological cure with DAAs,' but does not
recommend surveillance in patients with advanced fibrosis. In
contrast, the European Association for the Study of the Liver (EASL)
guidelines recommend biannual surveillance in patients with
cirrhosis as well as bridging fibrosis.'® Furthermore, none of the
guidelines specify any age at which to discontinue surveillance.
Virologically cured hepatitis C patients have a higher life expec-
tancy than patients with active hepatitis C,'' and the value of life-
time HCC surveillance in this cohort is not known.

Our study’s objective was to perform a comparative cost-
effectiveness analysis to determine in which patients, and up
to what age, the benefits of HCC surveillance outweigh the costs.

Materials and methods

Overview

We developed a microsimulation model (an individual-level state-
transition model) that simulates the natural history of hepatitis C
and HCC in patients who achieved SVR after hepatitis C treatment
with DAAs. The model was used to evaluate the cost-effectiveness
of biannual HCC surveillance by varying the starting age for sur-
veillance from 40 to 70 (base age 50) and stopping age from 50 to
lifetime. We incorporated data from recent studies on the risk of
HCC in patients who achieved SVR with DAAs,>'?>~!7 real-world
adherence to HCC surveillance,'® the accuracy of screening and
diagnostic testing modalities,'">*> as well as HCC treatments
including liver transplantation for selected patients.?®?>—> The
model used a monthly time-step. Primary outcomes included life
expectancy, quality-adjusted life years (QALYs), total costs, and
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incremental cost-effectiveness ratio (ICER) of each of the simulated
surveillance strategies.

Baseline population and natural history model

For the baseline population, we created a virtual cohort of 50-
year-old patients (mean age of HCV treatment), all of whom
had hepatitis C that had been cured by DAA treatment. We
developed different patient profiles that varied age (range 40-
70), sex, and the extent of liver disease (advanced fibrosis MET-
AVIR score F3 or compensated cirrhosis METAVIR score F4). For
each patient, we simulated their remaining lifespan with and
without HCC surveillance. We tracked life expectancy, develop-
ment of HCC, and stage of HCC at diagnosis for each virtual pa-
tient in this simulation model.

For each virtual patient, we simulated the clinical course of
cured hepatitis C, including HCC development as well as the
progression of liver disease (Fig. 1). In each month, patients could
develop HCC at a “very early” stage that could later progress to
“early” and “intermediate/advanced” stages. We defined HCC
stage based on Barcelona Clinic Liver Cancer staging system and
tumor size: “very early HCC” included patients with a tumor less
than 2 cm in diameter, “early HCC” for those with a single tumor
less than 5 cm or up to 3 tumors all less than 3 ¢cm, and “inter-
mediate/advanced HCC” for the remaining stages. We assumed
that patients with F3 advanced fibrosis could not develop
cirrhosis once in SVR.>® In each month, patients with F4 cirrhosis
could progress to decompensated cirrhosis. The rate of HCC
development varied by the extent of liver disease, such that
patients without HCC could develop more severe liver disease,
thus increasing their risk of HCC (Table S1).

HCC incidence

We used recently published studies to estimate the incidence of
HCC among hepatitis C patients who achieved SVR. For patients
with compensated cirrhosis (F4 fibrosis stage), we used a
weighted average of 6 studies that resulted in an incidence rate
of 1.95 per 100 person-years (Supplement Section S1).2'216 For
patients with advanced fibrosis (F3 stage), the HCC incidence

F3 SVR F4 SVR DC SVR
Cancer-free Cancer-free Cancer-free o LI
transplant
Resection,
e Very early Very early Very early
’ stage HCC stage HCC stage HCC
TACE Transplant,
1 1 ablation,
All TACE
Early stage Early stage Early stage
options
1 1
Resection, )
ablation Inter./adv. Inter./adv. Inter./adv. Ablation,
TACE ’ stage HCC stage HCC stage HCC TACE

Fig. 1. Model schematic for the natural history of HCC in patients with hepatitis C who achieved an SVR on direct-acting antivirals. Patients could develop
HCC and subsequently progress through different stages of HCC. Patients with cirrhosis could also progress to decompensated cirrhosis. DC, decompensated
cirrhosis; F3, advanced fibrosis; F4, cirrhosis; HCC, hepatocellular carcinoma; SVR, sustained virologic response; TACE, transarterial chemoembolization.

2 Journal of Hepatology 2022 vol. m | 1-8



rate was estimated from 2 studies that resulted in a weighted
average of 0.58 per 100 person-years.'®!” In a sensitivity analysis,
we allowed HCC risk to be higher and lower than the base
case values.

HCC surveillance

For each virtual patient, we simulated ‘no surveillance’ vs.
biannual HCC surveillance using both ultrasound and alpha-
fetoprotein,'®?? as recommended by clinical guidelines. We
simulated different HCC surveillance strategies by varying the
duration of surveillance from 10 years to lifetime (in 5-year in-
crements). For example, we simulated the following surveillance
strategies for a 50-year-old patient: biannual HCC surveillance
from age 50 to age 60, 65, 70, etc. If surveillance tests were
normal, no further intervention was needed and the patient
followed their natural history until the next surveillance test; if
the surveillance tests were abnormal, the patient received a
contrast-enhanced abdominal MRI to potentially confirm the
diagnosis of HCC.1°?! After confirmation of HCC, patients began
treatment for HCC. HCC could also be detected incidentally
regardless of surveillance. We assumed that only a single MRI
was required for diagnostic confirmation.*”® We also accounted
for imperfect adherence to biannual HCC surveillance as
observed in practice (see Supplementary Section $2).>°

HCC treatment

We considered 4 HCC treatment options: ablation, resection,
liver transplantation, transarterial chemoembolization, and
other palliative treatments (including selective internal radio-
therapy, external beam radiotherapy, and systemic chemo-
therapy). Selection of treatment depended on HCC stage as well
as the liver disease severity at diagnosis (Table S2). Following the
guidelines, we assumed that liver transplantation was available
only for patients under the age of 75 with either decompensated
cirrhosis or “early stage” HCC (i.e., within Milan criteria); and
decompensated patients were not eligible for resection. Treat-
ment distributions by both HCC stage and fibrosis stage were

determined from published observational studies'®*° and expert
opinion (see Supplementary Section S3).
Unlike resection, ablation, and transarterial chemo-

embolization, which were delivered soon after the diagnosis,
patients selected for liver transplantation were assumed to be on
the transplant waitlist for organ availability. During each month,
patients could receive a liver transplant; the probability of
transplant was based on the median wait times that were pro-
vided from Organ Procurement Transplant Network data, which
were dependent on the HCC tumor stage and liver stage
(Table S1). However, in each month, HCC could progress such
that patients were no longer eligible for transplant. In addition, if
patients reached the age of 75, they would no longer be eligible
for liver transplant (see Supplementary Section S4).

Costs and quality-of-life

The cost of surveillance tests, HCC treatments, liver trans-
plantation, and general liver disease management were extrac-
ted from published sources (Table S1). All costs were converted
to 2020 US dollars using the Consumer Price Index. We also
assigned quality-of-life utility weights to each health state and
treatment. These utility weights were adjusted by age, liver
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disease stage, and for the year of treatment (initial year vs. later
years)*>224142 (Table S1).

Model outcomes

For each simulated surveillance strategy and for each patient
profile, we estimated the number of HCC cases detected by tu-
mor stage, total QALYs, and costs. All future QALYs and costs
were discounted at 3% per year. We then calculated the ICERs for
each surveillance strategy. For each surveillance strategy and
patient profile, we could determine if surveillance was cost-
effective if the ICER remained below the willingness-to-pay
threshold of $150,000 per QALY.** To reduce first-order uncer-
tainty, we simulated outcomes in 200 million virtual patients.

Subgroup and sensitivity analysis
We evaluated the cost-effectiveness of surveillance in several
subgroups described by age, sex, diabetes status, and alcohol use.”
As a part of our sensitivity analyses, we varied the incidence
of HCC following SVR across a range informed by several
observational studies.>'?~"” We further evaluated the impact of
uncertainty in each model input on outcomes by conducting
univariate probabilistic sensitivity analysis on each model input.
This was performed by randomly sampling values from each
parameter’s recommended statistical distribution one at a time
(Table S1). We also conducted a multivariate probabilistic sensi-
tivity analysis on all model parameters simultaneously by sam-
pling 4,000 sets of parameter values from the recommended
statistical distributions and evaluating each parameter set with a
population size of 1.5 million. The multivariate probabilistic
sensitivity analysis results were presented as cost-effectiveness
acceptability curves.

Results

Base case cost-effectiveness results for HCC surveillance
Table 1 shows the costs, QALYs, and ICERs of each HCC surveil-
lance strategy. For 50-year-old patients with cirrhosis, the ICER of
biannual HCC surveillance was $93,587 per QALY when the
stopping age of surveillance was 70 and $223,364 per QALY
when the stopping age increased to 75 (Fig. 2A, Table 1), sug-
gesting that HCC surveillance is cost-effective until the age 70
using a willingness-to-pay threshold of $150,000. Compared
with no surveillance, the cost-effective surveillance strategy —
surveillance up to age 70 - provided QALY gains of 51 per 1,000
patients at an additional cost of $2,694,400. Surveillance was
cost-effective until the age of 70 regardless of starting age (from
40-65), with the ICERs remaining below the $150,000-per-QALY
threshold (Fig. 2A). Of note, for 65-year-old patients, the ICER of
routine surveillance up to age 75 was $147,563—below the
$150,000 threshold.

For 50-year-old patients with advanced fibrosis, the ICER of
biannual HCC surveillance was $98,800 per QALY when the
stopping age of surveillance was 65 and $129,781 per QALY
when the stopping age increased to 70 (Fig. 2B), suggesting that
HCC surveillance is cost-effective until age 65 using a
willingness-to-pay threshold of $150,000. However, the ICER of
surveillance was cost-effective only up to age 60 when the
starting age was 40, 45, and 50 (Fig. 2A). Compared with no
surveillance, the cost-effective surveillance strategy -
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Table 1. Base case cost-effectiveness results of biannual HCC surveillance in 50-year-old patients with virologically cured hepatitis C.

Compensated cirrhosis

Advanced fibrosis

Surveillance stopping age QALYs Costs (S) ICERs (S/QALY) QALYs Costs (S) ICERs (S/QALY)
No surveillance 11.718 38,534 - 14.384 3,568 -
60 11.755 40,243 46,000 14.396 5,081 129,781
65 11.765 40,819 60,625 14.399 5,649 160,348
70 11.769 41,228 93,587 14.401 6,096 275,280
75 11.770 41,526 223,364 14.401 6,444 772,400

HCC, hepatocellular carcinoma; ICERs, incremental cost-effectiveness ratios; QALYs, quality-adjusted life years.

surveillance up to age 60 - provided QALY gains of 12 per 1,000
patients at an additional cost of $1,512,900.

For 50-year-old patients with cirrhosis in the “no surveil-
lance” arm, for every 1,000 patients, 381 HCC cases were
detected either as incidental findings or through symptoms — 9
were detected in very early stage, 93 in early stage, and 279 in
intermediate/advanced stages (Fig. 3). In contrast, the cost-
effective surveillance strategy (surveillance every 6 months un-
til the age of 70) detected a total of 389 HCC cases — 82 were
detected in very early stage, 150 in early stage, and 157 in in-
termediate/advanced stages. Therefore, this surveillance strategy
detected 130 additional HCCs in ‘very early’/early stage. The
surveillance strategy also identified 8 additional patients with
HCC who would have died from competing mortality under no
surveillance. Similar trends were observed in patients with
advanced fibrosis. In 50-year-old patients with advanced fibrosis,
3 cases were detected in a very early stage, 37 in early stage, and
111 in intermediate/advanced stage in the “no surveillance” arm.
In contrast, the cost-effective surveillance strategy (surveillance
every 6 months until the age of 60) detected 17 cases in very
early stage, 47 in early stage, and 88 in intermediate/advanced
stage. Therefore, this surveillance strategy detected 24 additional
HCCs in ‘very early’/early stage.

Effect of remaining life expectancy on surveillance

We found that biannual HCC surveillance would not be cost-
effective in cirrhosis patients if their remaining life expectancy
was under 16 years and not cost-effective in advanced fibrosis
patients if their life expectancy was under 28 years. This finding
did not change with the age of individuals.

Subgroup analysis
In 50-year-old patients with cirrhosis, biannual HCC surveillance
was cost-effective until the age of 70 irrespective of alcohol use,
male seX, diabetes status, and BMI (Table 2).

In patients with advanced fibrosis, biannual HCC surveillance
was found to be cost-effective for an additional 10 years (until
the age of 70) for men over the age of 55.

Sensitivity analysis

We evaluated a total of 59 parameters in the univariate proba-
bility sensitivity analysis. Tables S3 and S4 show the top 10 pa-
rameters, respectively, to which the model was most sensitive in
virologically cured patients with compensated cirrhosis and
advanced fibrosis, respectively. For individuals with compen-
sated cirrhosis, the cost-effective surveillance strategy was most
sensitive to the likelihood of incidental detection of HCC, the

A 75 183,704 233,344 223,364 227,904 223,281 147,563
° 94,829 93,587 92,502 n.a.
[}

g n.a.

£

a n.a.

o

@ n.a.
n.a.
65

Starting age

B 75 492,238 836,831 772,400 637,114 590,758 506,041
o 10 280,317 265,416 275,280 244,778 241,623 n.a.
(o2}

g 65 170,151 173,763 160,348 165,235 n.a. n.a.
£
§ 60 128,298 124,594 129,781 n.a. n.a. n.a.
? 55 107,667 109,257 n.a. n.a. n.a. n.a.
50 95,949 n.a. n.a. n.a. n.a. n.a.
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Fig. 2. Incremental cost-effectiveness ratios of biannual HCC surveillance. (A) In patients with cirrhosis and (B) in patients with advanced fibrosis who
achieved virological cure with direct-acting antivirals. In patients with cirrhosis, HCC surveillance is cost-effective up to approximately age 70 using a willingness-
to-pay threshold of $150,000 per quality-adjusted life year. In patients with advanced fibrosis, HCC surveillance is cost-effective up to age 60. HCC, hepatocel-

lular carcinoma.
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Fig. 3. Number of HCC cases according to surveillance approach. Number of HCC cases detected by tumor size in 50-year-old virologically cured patients under
no surveillance vs. biannual surveillance until the age of 70 for patients with cirrhosis and until the age of 60 for patients with advanced fibrosis. CHC, chronic

hepatitis C; HCC, hepatocellular carcinoma; SVR, sustained virologic response.

progression rate from early-stage HCC to intermediate/advanced
stage HCC, and overall survival following palliative care. For
advanced fibrosis individuals, the cost-effective surveillance
strategy was most sensitive to the likelihood of incidental
detection of HCC, MRI sensitivity for very early-stage HCC, and
overall survival following liver transplant.

The results of the multivariate probabilistic sensitivity analysis
are presented in the cost-effectiveness acceptability curve (Fig. 4),

Table 2. Cost-effectiveness of HCC surveillance in selected subgroups of 50-
year-old patients with virologically cured hepatitis C.

Compensated cirrhosis

HCC incidence ICER for 20
per 100 Cost-effective years of
person-year until age surveillance
Base case 1.95 70 93,600
Diabetes
Yes 2.07 70 87,800
No 1.85 70 92,800
Alcohol use”
Yes 2.15 70 86,500
No 1.66 70 98,900
Sex
Male 2.01 70 89,500
Body mass index
>30 kg/m? 248 70 79,100
<30 kg/m? 1.81 70 94,100
Male; age > 55; 2.36 70 83,100
alcohol use: Yes
Male; age > 55; 2.09 70 89,700

diabetes: Yes

Advanced fibrosis

Cost-effective ICER for 10

until age years of

surveillance

Base case 0.58 60 129,800
Male age >55 1.36 70 89,300

HCC, hepatocellular carcinoma; ICER, incremental cost-effectiveness ratio.
*Alcohol use was defined based on the AUDIT-C score >4 for men and >3 for women.

which shows the likelihood of the cost-effectiveness of biannual
HCC surveillance for different stopping ages when accounting for
uncertainty in all model parameters. In patients with cirrhosis,
surveillance for 25 years (i.e., until the age 75) — in contrast to age
70 in the base case — was the most cost-effective option at the
willingness-to-pay threshold of $150,000. In patients with
advanced fibrosis, surveillance for 20 years (i.e., until age 70) — in
contrast to age 60 in the base case — was the most cost-effective
strategy at the willingness-to-pay threshold of $150,000 per
QALY. This suggests that the exact duration of HCC surveillance be
longer than that reported in the base case results.

Discussion

Patients with hepatitis C that has been cured with oral DAAs remain
atrisk of developing HCC. With the wide use of DAAs, the number of
patients virologically cured will rapidly increase in the near future.”
In this study, we evaluated the value of routine surveillance for HCC
using a decision-analytic model that simulated the natural history
of HCCin hepatitis C cured individuals. We found that biannual HCC
surveillance is cost-effective in patients with compensated
cirrhosis until the age of 70 and in patients with advanced fibrosis
until the age of 60. These findings are important because virolog-
ically cured patients have a higher life expectancy than patients
with active hepatitis C, and lifelong surveillance may not be war-
ranted in this growing cohort.

Our study’s conclusion supports AASLD and EASL'’s current HCC
surveillance recommendations for HCC surveillance in patients
with compensated cirrhosis who achieve virological cure with
DAA:s. For patients with stable advanced fibrosis — for whom the
AASLD and EASL surveillance recommendations differ — our results
align with the EASL's recommendation of the need for HCC sur-
veillance. Of note, our study also identified an age cut-off at which
to stop surveillance in both cohorts, which is not mentioned in
either guideline.

An earlier study found that HCC surveillance is cost-effective
in hepatitis C individuals who were successfully treated if they
have cirrhosis.” However, this study assumed patients would

Journal of Hepatology 2022 vol. m | 1-8 5
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Fig. 4. Cost-effectiveness acceptability curves. Cost-effectiveness acceptability curves showing the probability of cost-effectiveness for each surveillance
strategy by different durations of hepatocellular carcinoma surveillance as defined by the stopping age in patients with (A) compensated cirrhosis and (B)

advanced fibrosis. QALY, quality-adjusted life year.

undergo HCC surveillance for the duration of their lifetime. In
contrast, we opted to test various ages to start and stop sur-
veillance, as we know hepatitis C patients after achieving cure
can live longer than those who do not achieve a SVR or
those with other etiologies of liver disease. Our study’s primary
finding — that biannual surveillance is cost-effective until the age
of 70 in individuals with compensated cirrhosis or until the age
of 60 in individuals with advanced fibrosis — is important for the
medical community as they work to define the optimal surveil-
lance policy for HCC.

Surveillance may not be warranted in patients with HCC who
are not eligible for curative treatments given factors such as age,
comorbidity, liver disease severity, and access to transplant,
among others. Therefore, we examined the benefits as well as
the harms associated with surveillance in key subgroups,
including those with advanced comorbidity. We found that HCC
surveillance would not be deemed cost-effective if the remaining
life expectancy is less than 16 years in patients with cirrhosis and
less than 28 years in patients with advanced fibrosis. While our
study found that HCC surveillance is cost-effective in virologi-
cally cured patients with advanced fibrosis until the age of 60,
there could be subgroups of patients who have an elevated risk
of HCC and could benefit from longer durations of surveillance.
Therefore, future research is needed to identify risk factors and
biomarkers in virologically cured patients with advanced fibrosis
who could benefit from routine HCC surveillance.

Early diagnosis of HCC is critical to improved survival — pa-
tients with advanced HCC have a median survival of less than 1

year, while patients with early HCC can achieve 5-year survival
rates near 70% with resection or transplantation.** Our analysis
found that surveillance could produce a substantial stage shift, in
which most HCC would be diagnosed at an early stage.
Compared with ‘no surveillance’ arm, surveillance per 1,000
cirrhosis patients detected 130 additional HCCs in ‘very early’/
early stage and yielded 51 additional QALYs. Similarly, surveil-
lance per 1,000 patients with advanced fibrosis detected 24
additional HCCs in ‘very early’/early stage and yielded 12 addi-
tional QALYs.

Unlike other major cancers such as breast, prostate, and
colorectal, surveillance for HCC remains underutilized in prac-
tice.”> Several recent observational studies have shown the
benefits of routine HCC surveillance.”*® Ideally, a large ran-
domized controlled trial could compare the long-term outcomes
of surveillance with a no surveillance control arm:*’ however,
this would be lengthy, and the use of a control arm would strain
medical ethics.*”*® In this type of situation, decision-analytic
models can simulate a virtual trial to generate comparative
effectiveness data and inform screening policy. Simulation
models are frequently used by policymakers to inform guidelines
for cancer screening.*”~>? Together with other recent reports,®°
we believe our study provides helpful data to policymakers
and professional societies in their evaluation of recommenda-
tions for HCC surveillance among high-risk patients.

This study has limitations. While our results remain robust for
patients with compensated cirrhosis, limited data on HCC inci-
dence in patients with advanced fibrosis warrant further
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research before making strong conclusions on the duration of
surveillance in these individuals. Second, we assumed that pa-
tients with fibrosis successfully treated with DAAs were no
longer at risk of progression to cirrhosis, despite the clinical re-
ality that these patients may show progression in cases of
alcohol consumption or weight change. Future research is war-
ranted to estimate HCC risk and cost-effectiveness of HCC sur-
veillance in those subgroups. We believe future research should
also evaluate the cost-effectiveness of HCC surveillance tailored
to dynamic risk factors that change over time. Third, we only
modeled primary HCC treatment, whereas most patients with
HCC receive a sequence of treatments (such as a combination of
ablation and transplantation). However, our estimates of life
expectancy after HCC diagnosis and primary treatment included
this treatment variability. We opted to simulate surveillance in 5-
year increments rather than shorter time frames because such
age intervals are easier to implement in practice. Lastly, aside
from liver transplantation being restricted to patients under 75,
no other age or comorbidity restrictions were assumed for
other treatments.

In conclusion, we found that biannual surveillance for HCC in
virologically cured patients with cirrhosis is cost-effective until
age 70 and in virologically cured patients with stable advanced
fibrosis until the age of 60. Future studies should identify sub-
groups of patients without cirrhosis who remain at risk of
developing HCC and could benefit from a longer duration of
HCC surveillance.
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