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See editorial on page 7. Background/Aims: Ultrasonography has a low sensitivity for detecting early-stage hepatocellu-
lar carcinoma (HCC) in cirrhotic patients. Non-contrast abbreviated magnetic resonance imaging

(aMRI) demonstrated a comparable performance to that of magnetic resonance imaging without

Article Info the risk of contrast media exposure and at a lower cost than that of full diagnostic MRI. We aimed
to investigate the cost-effectiveness of non-contrast aMRI for HCC surveillance in cirrhotic pa-
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showed consistent findings that aMRI was cost-effective in both countries. By probabilistic sen-
sitivity analysis, aMRI was found to be more cost-effective than combined ultrasonography and
AFP with a probability of 0.77 in Thailand and 0.98 in the United States. By sensitivity analyses,
annual HCC incidence was revealed as the most influential factor affecting cost-effectiveness.
The cost-effectiveness of aMRI increased in settings with a higher HCC incidence. At a higher
HCC incidence, aMRI would remain cost-effective at a higher aMRI-to-ultrasonography with AFP
cost ratio.

Conclusions: Compared to ultrasonography with AFP, non-contrast aMRI is a cost-effective
strategy for HCC surveillance and may be useful for such surveillance in cirrhotic patients, espe-
cially in those with high HCC risks. (Gut Liver 2024;18:135-146)
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INTRODUCTION and the 3rd leading cause of cancer-related death world-

wide.' The most common primary liver cancer is hepato-
Primary liver cancer is the 6th most common cancer cellular carcinoma (HCC), accounting for 75% to 85% of
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all cases. Because most patients with early HCC are asymp-
tomatic, regular surveillance are critical for detection of
early HCC, leading to more successful curative treatments
with an expected survival of over 5 years, compared to only
2 to 2.5 years when detected at more advanced stages.”

Surveillance for HCC using combined ultrasonogra-
phy with serum alpha-fetoprotein (AFP) testing every 6
months is recommended in high-risk individuals, includ-
ing patients with cirrhosis, chronic hepatitis B infection,
and chronic hepatitis with advanced liver fibrosis.” Ultra-
sonography is less invasive and has lower costs than com-
puted tomography and magnetic resonance imaging (MRI).
However, the sensitivity of ultrasonography for detecting
HCC dramatically decreased in cirrhotic patients with a
sensitivity of only 0.21 to 0.47 for early-stage HCC, due
to the irregularities and coarseness of liver parenchyma,
hindering the visualization of small HCC nodules.”* MRI
and computed tomography had a higher sensitivity of 0.81
to 0.86 and 0.65 to 0.68, with a relatively similar specificity
of 0.91 to 0.92 for early HCC detection among cirrhotic
patients.” Nevertheless, both imaging modalities are not
commonly used for large-scale HCC surveillance due to
their high costs, the potential adverse effect on renal func-
tion and allergic reactions of contrast media as well as
much longer acquisition time for full diagnostic MRL

Abbreviated MRI (aMRI) is a new MRI protocol con-
sisting of a limited number of sequences, thus, requir-
ing shorter acquisition time than full diagnostic MRI.
Due to a better sensitivity than ultrasonography for early
HCC detection and a lower cost than full diagnostic MRI,
several aMRI protocols have been investigated for HCC
surveillance.”” aMRI is categorized into non-contrast and
contrast-enhanced aMRI. Non-contrast aMRI protocols
commonly include T2-weighted imaging and diffusion-
weighted imaging and/or T1-weighted imaging. Contrast-
enhanced aMRI protocols are divided into dynamic-aMRI
protocol, and hepatobiliary phase-aMRI. Regarding early
HCC detection (<2 cm), a recent meta-analyses reported a
pooled sensitivity of 0.77 for non-contrast aMRI which was
relatively similar to a sensitivity of 0.76 for full diagnostic
MRL" Accordingly, aMRI has recently been proposed as
an alternative method for HCC surveillance, especially in
cirrhotic patients.”

Cost-effectiveness analyses have been conducted to
determine optimal surveillance protocol in cirrhotic pa-
tients.'""
of surveillance using contrast-enhanced aMRI in high and
intermediate-risk cirrhotic patients, characterized by a
biomarker-based HCC risk score. aMRI provided a lower
incremental cost-effectiveness ratio (ICER) of $2,100 per
quality-adjusted life-year (QALY) gained than the usual bi-

A previous study assessed the cost-effectiveness
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annual ultrasound in all cirrhotic patients.”” Whether non-
contrast aMRI is cost-effectiveness for HCC surveillance
in cirrhotic patients remains uninvestigated. Furthermore,
studies comparing the implementation of aMRI in differ-
ent settings, such as high- and low-income countries, are
warranted.

Due to the high performance, increasing availability,
good safety profiles and relatively lower costs of non-con-
trast aMRI, we aimed to investigate the cost-effectiveness
of using non-contrast aMRI as a surveillance tool for HCC
detection in cirrhotic patients, compared to ultrasonogra-
phy with AFP.

MATERIALS AND METHODS

The study was conducted based on the Consolidated
Health Economic Evaluation Reporting Standards 2022."
The study was approved by Chulalongkorn University’s
Institutional Review Board Committee (IRB number:
806/63). Informed consent was waived due to the use of
existing anonymous clinical data.

1. Overview of the Markov model

A cost-utility analysis was performed to compare
the cost-effectiveness of biannual non-contrast aMRI,
compared to the combination of ultrasonography with
AFP which is the recommended surveillance strategy
(Supplementary Fig. 1).*"* A Markov model, representing
the natural course of disease from cirrhosis to the HCC
development and HCC treatments, was constructed using
TreeAge Pro software (version 2022 R2; Williamstown,
MA, USA). A surveillance starting age of 40 years old was
selected for base-case analysis due to the substantially in-
creased incidence of liver cancer in population aged above
40 years old."" Especially in Asia and Oceania population,
10% to 12% of HCC patients had an age of disease onset
of <50 years old." The starting age of 40 years old also
coincided with the earliest age for surveillance in chronic
hepatitis B patients stated in the recommendations by the
American Association for the Study of Liver Diseases and
the Asian Pacific Association for the Study of the Liver.”’
An average annual HCC incidence in cirrhosis of 3% was
used throughout the surveillance horizon in the base-
case analysis. The 3% incidence represented the average
of HCC incidences occurred in cirrhosis from common
etiologies, including 3.6% in HBV-related cirrhosis,"*" 2%
to 4% in HCV-related cirrhosis,” 3.8% in nonalcoholic
fatty liver disease-related cirrhosis,” and 2.9% in alcohol-
related cirrhosis.” Therefore, a simulated cohort of 100,000
cirrhotic patients aged 40 years with a 3% incidence rate
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of HCC was selected to undergo HCC surveillance with a
cycle-length of 6 months, using ultrasonography plus AFP
or aMRI, followed by confirmatory full diagnostic MRI
to identify early-stage HCC (i.e., HCC within Milan cri-
teria). Treatment options and outcomes were determined
by HCC tumor stage and liver reserve (albumin-bilirubin
[ALBI] grade). Early-stage HCC, defined by tumors within
the Milan criteria, would undergo curative treatments, i.e.,
liver transplantation, surgical resection and local ablative
therapy. Late-stage HCC would be limited to non-curative
treatments, i.e., transarterial chemoembolization (TACE)
and systemic treatment (atezolizumab plus bevacizumab
or sorafenib). It was assumed that all patients diagnosed
with HCC immediately received treatments within the
same 6-month period. To emphasize on the importance
of detecting early-stage HCC, cases of detected HCC and
missed HCC were separated into different health states.”
False positive diagnoses of HCC after confirmatory full
diagnostic MRI were transferred to a false positive health
state, follow-up with full diagnostic MRI and transferred
back to the corresponding cirrhotic states within the next
cycle. Cirrhosis states were categorized by ALBI score into
ALBI grade 1 (early-stage cirrhosis), ALBI grade 2-3 (late-
stage cirrhosis), and end-stage cirrhosis. In all states, apart

from the state-specific mortality, the patients could also die
from cirrhosis-related causes or age-related mortality. The
screening horizon was until all patients in the cohort tran-
sitioned to the death state. Hepatologists, radiologists and
associated hospital personnel were consulted on the feasi-
bility and verification of the model. The simplified Markov
model is shown in Fig. 1.

The model estimated the costs and QALYs throughout
the surveillance and treatment process. We investigated
the cost-effectiveness of each surveillance protocol in two
separate settings: Thailand and the United States. Thai-
land, where most authors reside, was selected to represent
a country with low medical costs, while the United States
was selected as an example of a country with high medical
costs and a higher proportion of liver transplantation.'*****
For Thailand setting, all costs were estimated in Thai Baht
and converted to US dollars ($) with an exchange rate of
34.3 Thai Baht for $1 (September 2022). The interpreta-
tion of cost-effectiveness was based on a willingness-to-
pay (WTP) of 160,000 Thai Baht/QALY ($4,665/QALY)
according to the Thai Health Economic Working Group,”
and a WTP of $50,000 in the United States.”” An annual
3% discount rate was applied to each outcome in both set-
tings.”*
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Fig. 1. Simplified Markov model. ALBI, albumin-bilirubin score; HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; TACE, transarterial

chemoembolization.
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2. Input parameters

1) Transition probabilities and treatment proportions
Input parameters applied in the model and references
are summarized in Tables 1, 2 and Supplementary Table

Table 1. Costs of Surveillance Modalities and Treatments

1. Transition probabilities including incidence, progres-
sion and mortality rates of HCC as well as proportions of
patients receiving HCC stage-specific treatments were ob-
tained from comprehensive literature review with prefera-

Parameter Thailand value U.S. value (range) Reference
Surveillance costs, $
USG with AFP 40 161 (71-285) HITAP/CGD, Ref?
Contrast-enhanced MRI 306 528 (264-1,056) HITAP/CGD, Ref”
Non-contrast aMRI 102 233 (175-291) HITAP/CGD, Ref®
Treatment costs, $
Liver transplantation 26,160 49,906 HITAP/CGD, Ref”
Liver resection 1,750 25,086 HITAP/CGD, Ref”
RFA 1,308 18,386 HITAP/CGD, Ref®
TACE 1,600 25,961 HITAP/CGD, Ref®
Radioembolization 7,988 41,371 HITAP/CGD, Ref*
External radiation 2,332 13,040 HITAP/CGD, Ref*
Sorafenib (/yr) 25,567 34,644 HITAP/CGD, Ref*
Lenvatinib (/yr) 22,572 61,942 HITAP/CGD, Ref®
Atezolizumab/bevacizumab (/cycle) 3,114 13,065 HITAP/CGD, Ref*

USG, ultrasonography; AFP, alpha-fetoprotein; MRI, magnetic resonance imaging; aMRI, abbreviated MRI; RFA, radiofrequency ablation; TACE,
transarterial chemoembolization; HITAP, Health Intervention and Technology Assessment Program; CGD, The Comptroller General's Department.

Table 2. Utilities of Health States, and Performance of Surveillance and Diagnostic Modalities

Parameter Value (range) Reference
Annual utility
ALBI 1 cirrhosis 0.80 (0.64-0.96) Ref*®%*
ALBI 2-3 cirrhosis 0.60 (0.48-0.72) Ref*%
Early HCC in early cirrhosis 0.72 (0.58-0.86) Ref”
Early HCC in late cirrhosis 0.72 (0.46-0.68) Ref*®
Late HCC in early cirrhosis 0.40 (0.36-0.44) Expert
Late HCC in late cirrhosis 0.40 (0.36-0.44) Expert
Post-transplantation 0.85 (0.70-0.90) Ref!"%%
Post-resection 0.70 (0.40-0.90) Ref'"¥
Post-RFA 0.76 (0.57-0.95) Ref”*
Post-TACE 0.65(0.52-0.77) Ref”?
Post-radioembolization 0.75 (0.56-0.94) Expert, Ref*'
Post-external radiation 0.68 (0.47-0.88) Ref*
Post-systemic 0.76 (0.60-0.80) Expert, Ref"*'
Palliative treatment 0.50 (0.45-0.55) Expert
Sensitivity for the diagnosis of early HCC*
USG with AFP 0.64 (0.45-0.79) Supplementary Table 2
aMRI 0.81(0.76-0.85) Supplementary Table 3
Full diagnostic MRI 0.85 (0.67-0.95) Ref*
Sensitivity for the diagnosis of overall HCC
USG with AFP 0.81(0.54-0.94) Supplementary Table 2
aMRI 0.84 (0.76-0.89) Supplementary Table 3
Full diagnostic MRI" 0.90 (0.59-1.00) Ref*
Specificity for the diagnosis of overall HCC
USG with AFP 0.84(0.73-0.91) Supplementary Table 2
aMRI 0.95(0.89-0.98) Supplementary Table 3
Full diagnostic MRI 0.97 (0.96-0.98) Ref*

ALBI, albumin-bilirubin score; HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; USG, ultra-
sonography; AFP, alpha-fetoprotein; MRI, magnetic resonance imaging; aMRI, abbreviated MRI.

*Value (95% Cl); *Sensitivity for the diagnosis of late HCC.
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ble data sources from systematic review with meta-analysis
and prospective studies. Mortality and recurrence rates of
each treatment were stratified by pretreatment ALBI grade
1 and grade 2-3.

Systematic reviews and meta-analyses were conducted
as reference for the sensitivity and specificity of ultrasonog-
raphy with AFP and aMRI for early and overall HCC de-
tection. The selection criteria including studies and forest
plots for each meta-analysis are shown in Supplementary
Tables 2, 3 and Supplementary Figs 2, 3. The meta-analyses
showed that ultrasonography with AFP and aMRI had a
pooled sensitivity of 0.64 (95% confidence interval [CI],
0.45 to 0.79) and 0.81 (95% CI, 0.76 to 0.85) for early HCC
detection as well as 0.81 (95% CI, 0.54 to 0.94) and 0.84
(95% CI, 0.76 to 0.89) for overall HCC detection, respec-
tively. Pooled overall specificity of ultrasonography with
AFP and aMRI were 0.84 (95% CI, 0.73 to 0.91) and 0.95
(95% CI, 0.89 to 0.98), respectively. Due to very limited
studies reported the sensitivity of aMRI for the diagnosis
of late HCC, pooled sensitivity for overall HCC detection
was used as an alternative. Previous studies showed that
the sensitivities full diagnostic MRI for early and late HCC
detection were 0.85 (95% CI, 0.67 to 0.95) and 0.90 (95%
CI, 0.59 to 1.00), respectively, The overall specificity of full
diagnostic MRI were 0.97 (95% CI, 0.96 to 0.98)." Treat-
ment proportion for early and late HCCs in Thailand were
obtained from a cohort in our center.” Whereas, in the U.S.
setting, the treatment proportions were derived from an
average proportion from previous studies conducted in the
U.S. population.*

2) Costs and utilities

Detailed costs and utilities with references are shown in
Tables 1, 2 and Supplementary Table 1. Both direct medi-
cal costs (e.g., procedures, medication, hospitalization)
and direct non-medical costs (e.g., travel and food costs
for patients and caregivers) were included in the model.
Costs were obtained from The Standard Cost List pro-
vided by Health Intervention and Technology Assessment
Program™ and The Comptroller General’s Department”’
in the Thailand setting, and Medicare™ as well as previous
studies in the U.S. setting. Costs were adjusted for infla-
tion by Consumer Price Index. Utility data were referenced
from recommendations for cost-effectiveness analysis and
previous economics studies.”® For utilities not available
in previous literature, i.e., late HCC after stratification by
ALBI grade and the utility of palliative treatment, experts
in clinical hepatology were consulted on whether utility for
similar states could be inferred.

3. Analysis

Base-case analysis was conducted using deterministic
analysis with a cohort of 100,000 cirrhotic patients, aged
40 years. ICERs were calculated by dividing the difference
in costs by the difference in QALYs between surveillance
modalities. Patient-level microsimulations were performed
with automatically updated variables as trackers to capture
each patient’s disease history such as the number of trans-
plantations, resections and TACEs, that the patient would
undergo. To represent realistic situations, patients were
limited to only one transplantation as well as no more than
two resections or TACEs before proceeding other treat-
ment lines.

One-way sensitivity analyses were conducted to deter-
mine the robustness of the models with the following input
parameters: age of surveillance initiation, gender, annual
HCC incidence, annual HCC incidence by different eti-
ologies of cirrhosis, sensitivity of aMRI (upper and lower
limits of range of the studies included in meta-analyses),
costs of aMRI, HCC treatment options and proportions,
and treatment-related mortality rates for resection and
transplantation. Two-way sensitivity analysis for the an-
nual HCC incidence rate and cost ratio of aMRI and ul-
trasonography with AFP was conducted to assess the rela-
tionship between these parameters to the cost-effectiveness
results. The cost ratio was calculated by the cost of aMRI
divided by the cost of ultrasonography with AFP.

To examine the effect of uncertainty of model inputs,
probabilistic sensitivity analysis was conducted using
second-order Monte Carlo simulation which repeatedly
sampling input parameters from relevant distributions at
random for 1,000 iterations. We used beta distribution for
transition probabilities such as the performance of surveil-
lance protocols and gamma distribution for costs. The
results from the simulations were used to generate a cost-
effectiveness acceptability curve.

RESULTS

1. Base-case analysis

In the Thailand setting, surveillance with ultrasonog-
raphy and AFP every 6 months and aMRI gained 8.23
and 8.42 QALYs/person, respectively. The total costs of
surveillance with ultrasonography plus AFP and aMRI per
patient were $8,300 and $9,001, respectively. Using ultraso-
nography with AFP as reference, surveillance protocol us-
ing aMRI was cost-effective, providing an ICER of $3,667/
QALY which is within the cost-effectiveness threshold
of $4,665 in Thailand (Table 3). In the U.S. setting, HCC
surveillance by combined ultrasonography with AFP and
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aMRI gained 8.12 and 8.29 QALYs/person, respectively.
The costs were $83,565 and $89,799 for the combina-
tion of ultrasonography with AFP and aMRI. Compared
to ultrasonography and AFP, aMRI provided an ICER of
$37,062 which was within the cost-effectiveness threshold
of $50,000/QALY (Table 3).

2. Patient-level microsimulation

In the Thailand setting, HCC surveillance by ultraso-
nography with AFP and aMRI gained 8.14 (95% CI, 8.05
to 8.22) and 8.32 (95% CI, 8.23 to 8.41) QALY/person,
respectively, with total costs of $8,272 (95% CI, 7,979 to
8,565) and $8,874 (95% CI, 8,673 to 9,075), respectively.
aMRI was cost-effective, providing an ICER of $3,277/
QALY (Table 3). In the U.S. setting, ultrasonography with
AFP and aMRI provided total QALYs of 8.04 (95% ClI,
7.95 to 8.12) and 8.20 (95% CI, 8.11 to 8.29), respectively,
with total costs of $82,610 (95% CI, 81,041 to 84,189) and
$88,569 (95% CI, 86,865 to 90,274), respectively. The ICER
of aMRI was $36,742 which was within the cost-effective-
ness threshold of $50,000/QALY (Table 3).

3. One-way sensitivity analyses

The results for one-way sensitivity analyses are shown
in Table 4. Adjusting the age of surveillance initiation from
40 to 50 years or adjusting the compliance rates to surveil-
lance program from 100% to 30% and 50% did not affect
the cost-effectiveness of aMRI. By adjusting the annual
HCC incidence, implementing surveillance in popula-
tion with higher incidences resulted in lower ICERs. For

example, in Thailand, aMRI surveillance in the female
population with a lower HCC incidence of 2% provided an
ICER of 5,085, which was slightly over the WTP threshold.
Whereas aMRI surveillance in the male population result-
ed in a lower ICER of 3,398 due to a higher HCC incidence
of 3.3%. In the U.S. population, aMRI was cost-effective for
both male and female populations. Adding the treatment-
related mortality rates for resection and transplantation of
2% to 3%’ did not affect the cost-effectiveness results in
both Thailand and the U.S. settings (Supplementary Fig. 4).

In Thailand, aMRI would not be cost-effective if the
cost of aMRI was more than $112 (Fig. 2A). In the United
States, if the sensitivity of ultrasonography with AFP for
the detection of early HCC was above 0.781, the ICER
would be $50,523/QALY which was above the $50,000/
QALY threshold (Fig. 2B). Using the upper sensitivity
margin of 0.79 for the detection of early HCC by ultraso-
nography with AFP resulted in an ICER of $60,931/QALY
which was under the less conservative WTP threshold of
$100,000/QALY, proposed in the United States.” Adjusting
other sensitivities and costs of surveillance protocols did
not affect the cost-effectiveness of aMRI in both settings.
Furthermore, aMRI surveillance protocol would remain
cost-effective, until the costs of aMRI were over $112 and
$350 which were higher than the referenced costs in Thai-
land and the United States, respectively. Sensitivity analysis
according to alternative HCC treatment options, including
radioembolization, external radiation and lenvatinib did
not affect the cost-effectiveness of aMRI (Table 4).

Table 3. Deterministic Base-Case Cost-Utility Analysis and Patient-Level Microsimulations

Strategy USG+AFP (95% Cl) aMRI (95% Cl)
Deterministic analysis
Thailand setting
QALY/person 8.23 8.42
Cost/person, $ 8,300 9,001
ICERs (USG with AFP as baseline) 3,667
U.S. setting
QALY/person 8.12 8.29
Cost/person, $ 83,565 89,799
ICERs (USG with AFP as baseline) 37,062
Patient-level microsimulations
Thailand setting
QALY/person 8.14 (8.05-8.22) 8.32(8.23-8.41)
Cost/person, $ 8,272 (7,979-8,565) 8,874 (8,673-9,075)
ICER (USG with AFP as baseline) 3,277
U.S. setting
QALY/person 8.04(7.95-8.12) 8.20(8.11-8.29)
Cost/person, $ 82,610 (81,031-84,189) 88,569 (86,865-90,274)
ICER (USG with AFP as baseline) 36,742

USG, ultrasonography; AFP, alpha-fetoprotein; Cl, confidence interval; aMRI, abbreviated magnetic resonance imaging; QALY, quality-adjusted

life-year; ICER, incremental cost-effectiveness ratio.
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Table 4. One-Way Sensitivity Analysis

ICER for aMRI ($/QALY)

Strategy
Thailand u.S.

Age of initiating surveillance (annual HCC incidence)

40 yr (base-case) 3,667 37,062

50 yr (3%) 4,182 36,765
Sex (annual HCC incidence)

Male (3.3% in Thailand, 3.1% in the U.S.)* 3,398 37,018

Female (2.0% in Thailand, 1.9% in the U.S.J* 5,085 37,803
Annual HCC incidence

1% 9,159 39,464

2% 5,085 37,706

2.5% 4,245 37,328

3% (base-case) 3,667 37,062

4% 2,911 36,707

5% 2,426 36,475
Compliance to surveillance program

30% 3,332 34,672

50% 3,502 36,192
Etiology of cirrhosis ([annual HCC incidence)

Hepatitis B cirrhosis (3.6%)" 3,169 36,829

HCV cirrhosis (2.4%)" 4,386 37,392

HCV-infected cirrhosis with SVR after DAA treatment (1.82%)% 5,494 37,888

Alcoholic cirrhosis (2.9%)% 3,768 37,109

NAFLD cirrhosis (3.78%)" 3,047 36,772
Sensitivity of aMRI

Lower limit (early HCC 0.72, late HCC 0.77)" 4,020 39,497

Upper limit (early HCC 0.91, late HCC 0.95)* 3,560 36,300
Cost of aMRI, $

Highest costs of aMRI which remain cost-effective ($112 in Thailand, $350 in the U.S.) 4,627 49,816
Treatment options and proportions for early HCC

1% Transplantation, 15% resection, 22% RFA, 51% TACE, 11% BSC* 863 30,810

5% Transplantation, 14% resection, 38% RFA, 43% TACE® 1,813 31,702

3% Transplantation, 42% resection, 35% RFA, 19% TACE, 1% BSC® 2,740 26,714

12% Transplantation, 16% resection, 72% RFA% 4,129 30,328

Alternative treatment options: transplantation, resection, RFA, TACE, radioembolization, 3,919 36,113

radiation, sorafenib, lenvatinib, atezolizumab/bevacizumab and BSC"

ICER, incremental cost-effectiveness ratio; aMRI, abbreviated magnetic resonance imaging; QALY, quality-adjusted life-year; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; SVR, sustained virological response; DAA, direct-acting antivirals; NAFLD, nonalcoholic fatty liver disease; RFA,
radiofrequency ablation; TACE, transarterial chemoembolization; BSC, best supportive care.

*HCC risk was calculated using the ADRESS-HCC risk model for patients aged 55 years, viral group etiology and Child-Pugh score of 5 in Thailand
setting and patients aged 4 years, 27.3% viral group etiology and Child-Pugh score of 5 in the U.S. setting™; "Treatment proportions are shown in

Supplementary Table 1.

4. Two-way sensitivity analysis

Two-way sensitivity analysis showed that an acceptable
cost ratio of aMRI/ultrasonography with AFP, in which
aMRI remained cost-effective, depended on the incidence
of HCC (Supplementary Fig. 5). With a higher HCC in-
cidence, aMRI would remain cost-effective at a higher
aMRI/ultrasonography with AFP cost ratio. For example,
with 3% annual HCC incidence, aMRI/ultrasonography
with AFP cost ratio of 2.80 and 2.18 in Thailand and the
U.S. setting would be the highest cost ratio in which aMRI
remained cost-effective.

5. Probabilistic sensitivity analysis

The cost-effectiveness acceptability curve is shown in
Fig. 3. aMRI had a probability of 0.77 for being the optimal
surveillance strategy (superior or cost-effective, compared
to ultrasonography with AFP) in Thailand and 0.98 in the
United States. Scatter plots representing the repeated itera-
tions of cost-effective analyses are shown in Supplemen-
tary Fig. 6.
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Fig. 3. Cost-effectiveness acceptability curve in Thailand setting (A] and in U.S. setting (B). USG, ultrasonography; AFP, alpha-fetoprotein; aMRI,
abbreviated magnetic resonance imaging; WTP, willingness-to-pay.

DISCUSSION erence, all analyses, including base-case analysis, patient-

level simulations and probabilistic sensitivity analysis con-

This study demonstrated the cost-effectiveness of using sistently showed that aMRI was cost-effective in both low
non-contrast aMRI as a surveillance tool for early HCC and high medical cost settings. These findings were likely
detection in cirrhotic patients. When using the standard due to the high performance of aMRI for the detection of
surveillance protocol of ultrasonography with AFP as a ref- early HCC.
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Although the cost-effectiveness results in Thailand were
in the same direction with the U.S. setting, some differ-
ences were observed. One-way sensitivity analysis showed
that if the cost of aMRI was above $112, the ICER would
exceed the WTP threshold in Thailand. However, adjust-
ing the cost of aMRI in the U.S. setting provided ICER
within the WTP threshold. This was because the costs of
aMRI surveillance is closer to the WTP threshold in Thai-
land than in the United States. Moreover, in Thailand set-
ting, aMRI surveillance in female population resulted in an
ICER slightly above the WTP, which was due to the lower
HCC incidence in female than male population. While
aMRI remained cost-effective in both male and female
populations in the U.S. setting. Probabilistic sensitivity
analysis showed that aMRI had a higher cost-effectiveness
probability of 0.98 in the U.S. setting, compared to 0.77 in
Thailand. These differences between the two settings are
most likely due to the larger gap between the WTP thresh-
old and surveillance costs in the United States, compared
to Thailand. As a result, adjusting the incidence of HCC
or the sensitivity of surveillance protocols in the United
States had a lesser impact on cost-effectiveness results than
in Thailand. Therefore, cost-utility analysis using costs and
WTP in each setting would help determine the most ap-
propriate surveillance protocol before implementation.

Sensitivity analyses revealed that varying HCC annual
incidence had the greatest impact on the cost-effectiveness
of HCC surveillance. aMRI may not be a cost-effective
option in populations with a lower HCC incidence such
as viral hepatitis B carriers or non-cirrhotic chronic viral
hepatitis B-infected patients who have well-controlled
disease after long-term antiviral treatments.”” With a lower
incidence, the number of patients with early-stage HCC
who will eventually be diagnosed and undergo curative
treatment was significantly decreased, thus, providing less
benefit of early diagnosis and less QALY's gained.

One of the strengths of this study is the incorporation
of ALBI score instead of Child-Pugh score into the Markov
model to predict the patients’ prognoses based on pretreat-
ment liver reserve. Recently, ALBI score has been shown
to be more accurate than the Child-Pugh classification to
predict the prognosis of HCC patients.” Furthermore, the
model was adjusted to account for each patient’s history
using treatment trackers to limit the number of liver trans-
plantations, resections and TACEs per patient. Altogether,
the present work provides a realistic model that closely
simulates cost-effective results similar to real-world prac-
tice.

There are some limitations. First, survival benefit of
HCC surveillance with aMRI needs to be further inves-
tigated in prospective randomized controlled studies.

Nonetheless, a previous randomized controlled trial has
shown that HCC surveillance with biannual ultrasonogra-
phy and AFP significantly reduced the mortality of HCC
patients.” Due to the higher sensitivity of aMRI for early
HCC detection, it is likely that aMRI would increase the
chance of receiving curative treatments, thus, improve pa-
tients” survival. Notably, aMRI may not be able to replace
ultrasonography with AFP entirely. The implementation of
aMRI surveillance would require more expensive and less
readily available equipment than ultrasonography. Instead,
the study supports the use of aMRI, a high-yielded test, for
HCC surveillance in high-risk population such as cirrhotic
patients with high HCC incidence. In low-risk patients,
the use of ultrasonography with AFP may not result in a
significant decrease in HCC surveillance effectiveness and
is still a reasonable option. To stratify individual patient’s
HCC risk, a number of prediction models have been stud-
ied. For instance, PAGE-B score™ and a risk model which
predicting high-risk population with annual HCC risk of
>5%.°' Nevertheless, further studies on the cost-effective-
ness of HCC surveillance with aMRI in high-risk cirrhotic
patients are needed. Second, the reported performance of
each surveillance protocol varied among previous studies,
given that patient population and studied imaging pro-
tocols were different. To address this, we performed new
meta-analyses using studies with specific characteristics
such as population and imaging protocols to be used as ref-
erences for the model. To determine whether various per-
formance inputs of each surveillance protocols affected the
cost-effectiveness results, we conducted sensitivity analyses
using upper and lower limits of range of sensitivity of sur-
veillance modalities. There were no significant changes
in cost-effectiveness results in most scenarios, except for
after adjusting the sensitivity of ultrasonography with AFP
for the detection of early HCC in the U.S. setting. Albeit
this adjustment still provided an ICER within the higher
acceptable margin of WTP threshold of $100,000. Further-
more, age of surveillance initiation, treatment options and
proportions, and treatment-related mortality rates may
vary across different settings. However, sensitivity analyses
showed that adjusting starting of 40 and 50 years, adding
alternative treatment options, or adding treatment-related
mortality rates for resection and transplantation did not
affect the cost-effectiveness results. This reflected the ro-
bustness of the results. Additionally, TreeAge model with
spreadsheet front-end will be available upon request. Input
parameters of the model will be changed according to the
data inputted in the spreadsheet file. Lastly, our model did
not account individual patient’s comorbidity such as un-
derlying diseases which might over-estimate overall utili-
ties. However, our model already accounted for the risk of
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liver decompensation which is the major causes of morbid-
ity and mortality in cirrhotic patients.

In conclusion, aMRI is a cost-effective HCC surveil-
lance option in cirrhotic patients. aMRI would be useful
for HCC surveillance, especially in cirrhotic patients with
high HCC risks. Multicenter randomized controlled tri-
als in different countries to validate the clinical benefits of
aMRI as a surveillance tool are warranted.
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