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Abstract: In the real-world, it is unclear that after the radiofrequency ablation (RFA), whether it is a cost-effective
strategy to administer nucleotide analogue (NA) for patients with hepatitis B virus (HBV)-related HCC patients. The
aim of this study was to estimate the cost-effectiveness of the RFA plus NA versus RFA alone in patients with HBV-
related HCC within the Milan criteria in China and the USA. A Markov model was developed to simulate a cohort of
patients with HCC within the Milan criteria and Child-Pugh A/B cirrhosis and underwent RFA with or without NA ther-
apy over their remaining life expectancy. Analysis was performed in two geographical cost settings: China and the
USA. The RFA plus NA therapy provided an average of 7.57 years, whereas RFA monotherapy offered 5.83 years. The
RFA plus NA therapy produced 5.09 quality-adjusted life years (QALYs), whereas RFA monotherapy achieved 3.89
QALYs. The incremental cost-effectiveness ratio (ICER) of the RFA plus NA therapy versus RFA monotherapy was
$10368.19/QALY in China and $38805.45/QALY in the USA. These values were below the thresholds of the cost-
effectiveness in both countries. Sensitivity analysis revealed that the utility of recurrent HCC was the most sensitive
parameter in all cost scenarios in both of the RFA plus NA therapy and RFA monotherapy groups. Our Markov model
has shown that for the patients with HBV-related HCC within the Milan criteria and Child-Pugh A/B cirrhosis, RFA plus
NA is more cost-effective than RFA monotherapy across the two different cost scenarios namely, China and the USA.
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Introduction For HCCs within the Milan criteria, only three
types of therapies can be applied as curative

Hepatocellular carcinoma (HCC) is the fifth treatments, they are surgical resection, liver

most common cancer and the third cause of
cancer-related death worldwide [1], and is
responsible for more than 700,000 deaths in
the world each year [2]. Among them, at least
80% of HCCs are associated with chronic hepa-
titis virus infection and, mostly, the hepatitis B
virus (HBV) infection accounts for 75-80% of
these HCCs [3]. It is clear that there is a close
relationship between HCC and HBV infection.
Therefore, the concerns are increasingly down
about the effects of the antiviral treatment on
the tumor.

transplantation and percutaneous ablation
therapies such as radiofrequency ablation
(RFA). Among them, RFA is widely used as one
of the first line treatments, due to its minimal
invasion and fewer complications. However, the
tumor recurrence rates at up to 70% in 5 years
in the liver remnant reduces the therapeutic
effect of RFA, and HBV infection appears to add
on significant impact on recurrence [4]. Previous
studies have revealed that a high HBV virus
load was the key prognostic factor for the pro-
gression and recurrence of HCC, and it might
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Figure 1. Flow diagram of Markov model. Each pane represents a state of
health. Straight lines with arrows indicate transition from one state to anoth-
er one while circular arrows mean that some patients may stay at the same

state for more than one cycle.

influence the survival [5-8]. Moreover, antiviral
therapy was associated with a reduced risk of
HCC recurrence and an improvement in overall
survival (0S) among the patients with HBV-
related HCC after RFA [9-11]. However, these
studies did not consider the costs of long-term
therapy. Although the clinical outcomes of anti-
viral therapy for HBV-related HCC are substan-
tial, despite the cost of tumor treatments, the
cost of antiviral therapy also becomes an eco-
nomic burden for both of the governments and
the patients [12, 13]. Indeed, it remains unclear
that whether it is cost-effective strategy to
administer antiviral therapy using nucleotide
analogue (NA) for HBV-related HCC patients
after RFA.

Generally, Markov models are applied in
describing stochastic processes, which are ran-
dom processes that evolve over time [14].
Since its first introduction in determining medi-
cal prognosis in 1983, Markov models have
been increasingly used in clinical evaluations of
the disease screening or the treatments world-
wide [15-18]. The model offers advantages
such as taking into account of both of the co-
sts and the outcomes over a period of time.
Thus, the method is particularly fit to model the
progression of chronic diseases. On the other
hand, traditional clinical trials are often con-
ducted with specific groups of populations
and in special environments where are differ-
ent from the realities of the clinical or home
settings [19]. Real-world evidence (RWE) co-
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uld yield a better picture of
the characteristics of the in-
dividual patient and improve
— drug’s ability, hence to meet
i the needs of individual pa-
@ tient. This information can be
Dead used across a wide spectr-
um of research, ranging from
observational studies to st-
Dead udies that incorporate plann-
) ed interventions, with or with-
out randomization at the po-
int of care [19]. In this con-
text, it is necessary to incor-
porate real-world data into a
Markov model and to explo-
re the cost-effectiveness in
relation of the NA therapy
for HBV-related HCC patients
after RFA.

HCC recurrence

HCC recurrence

The aim of this study is to estimate the cost-
effectiveness (CE) of RFA plus NA versus RFA
alone in patients with HBV-related HCC within
the Milan criteria by using a Markov model.

Materials and methods
Model construction

A Markov simulation model [13, 20] was devel-
oped to estimate the cost-effectiveness of the
NA therapy in a hypothetical cohort of patients
aged 55 years with early HBV-related HCC who
received RFA as initial treatment, with Child-
Pugh class A or B liver function and without
anti-HBV treatment before RFA. The hypotheti-
cal cohorts were then followed by a 20 series of
Markov cycles governing patient transitions
between relevant states (Figure 1). Among the
two alternatives, the baseline comparator was
RFA monotherapy. Early HCC was defined as
HCC meeting the Milan criteria (solitary nodule
not exceeding 5 cm; no more than three nod-
ules, none exceeding 3 cm; no evidence of
macrovascular invasion or distant metastasis)
[24]. Given that tumor burden and liver function
were the two dominant factors related to the
survivals and costs, patients with advanced
HCC or decompensated cirrhosis were assumed
to receive no further active treatments.

In this model, a 1-year cycle time was selected
to reflect the clinical cost and quality of life
impact of the treatments. During each cycle, a
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Table 1. Base case value and sensitivity range extracted from literature for transition probabilities

Base Case Value (Median Literature

Parameter of Literature Range Unless  Range Tested
Separately Referenced) (%) (%)

Background (all-cause) mortality [23] Age-specific
Cirrhosis annual decompensation rate: RFA [24-26]1+ 11.80 3.90-12.50
Cirrhosis annual decompensation rate: RFA+NA [34-36]"+* 7.30 3.18-13.73
Annual mortality risk of compensated cirrhosis: RFA [27-29]1# 9.76 0-9.76
Annual mortality risk of compensated cirrhosis: RFA+NA [34, 35]+ 4.90 0-5.07
Annual mortality risk of decompensated cirrhosis: RFA [27, 28, 30]"+* 18.94 18.94-31.57
Annual mortality risk of decompensated cirrhosis: RFA+NA [28, 31, 32]"* 19.00 3.57-27.52
Annual recurrence risk after RFA:RFA [11, 31, 33]"+ 32.40 13.40-32.40
Annual recurrence risk after RFA:RFA+NA [11, 31, 33]+ 23.71 13.5-23.71
Annual mortality risk of recurrent HCC:RFA [11, 32, 33]+ 13.40 13.40-50.41
Annual mortality risk of recurrent HCC:RFA+NA [11, 32, 33]"* 10.33 10.33-17.59

1, Refers to more detailed reference list and original probabilities. ¥, All probabilities were transited into monthly rate. Detailed methods were
listed in supporting material.

Table 2. Base case value and sensitivity range for costs

Parameter Base case value Range tested (50%-200%)
Cost in China ($)
RFA+NA therapy
One time cost of RFA [39] 2210 1105-4420
Yearly cost of compensated cirrhosis [41] 2065 1032.5-4130
Yearly cost of decompensated cirrhosis [41] 4290 2145-8580
HCC recurrence [41] 6054 3027-12108
Yearly cost of follow-up® 367 183.5-734
Yearly cost of NA [40] 2044 913-3167
RFA
One time cost of RFA 2210 1105-4420
Yearly cost of compensation cirrhosis [41] 2065 1032.5-4130
Yearly cost of decompensation cirrhosis [41] 4290 2145-8580
HCC recurrence [41] 6054 3027-12108
Yearly cost of follow-up® 367 183.5-734
Cost in the USA ($)
RFA+NA therapy
One time cost of RFA [42] 18386 14709-22063
Yearly cost of compensated cirrhosis [43-45] 732 366-1464
Yearly cost of decompensated cirrhosis [43-45] 18228 9114-36456
HCC recurrence [44] 38715 19357.5-77430
Yearly cost of follow-up [44] 2500 1250-5000
Yearly cost of NA [44]t 2508 1080-2508
RFA
One time cost of RFA [42] 18386 14709-22063
Yearly cost of compensated cirrhosis [43-45] 732 366-1464
Yearly cost of decompensated cirrhosis [43-45] 18228 9114-36456
HCC recurrence [44] 38715 19357.5-77430
Yearly cost of follow-up [44] 2500 1250-5000

1, Refers to clinical expert opinions.
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Table 3. Base Case Value and sensitivity range extracted reported ranging from 3.9% to

from literature for Utilities

12.5% [24-26]. The rate of 11.8%

Parameter Base case value Range tested was selected as the base case es-
Compensated cirrhosis [47-49)] 0.76 0.65-0.90 timate due to the largest sample
Decompensated cirthosis [47-49] 0.66 0.37-0.86 size of the relevant study and the
HCC recurrence [47-49] 0.63 0.26-0.86 remaining data from other studies

patient in one health state might be transited
to another or occupied the same state accord-
ing to transition probabilities (Figure 1). Each
health state had its associated cost and utili-
ties. The yearly transition probabilities were
derived from cumulative probabilities using
the declining exponential approximation of life
expectancy (DEALE) method [22].

Literature review

Transition probabilities, utilities and costs
(Tables 1-3) were derived from studies identi-
fied through PubMed and Cochrane Library
database and the latest searchperformed on
Jun, 2016. We used the Medical Subject
Headings (MeSH) “hepatocellular carcinoma”,
“antiviral therapy” and “ablation techniques” in
the literature search. The following keywords
were also used to complete the literature
research: “radiofrequency ablation” or “percu-
taneous ablation” and “HBV infection” and
“survival”. Details regarding parameters used
to derive transition probabilities are displayed

Transition probabilities in the RFA monothera-
py arm

In the RFA monotherapy arm, which served
as the baseline comparator for the analysis, it
was assumed that patients did not receive NA
therapy after the RFA treatment and were in a
compensated cirrhosis state. These patients
were exposed to the risks of age-related mor-
tality, decompensated cirrhosis and tumor
recurrence. The transition probabilities were
obtained from the studies inclusive of the
patients with HBV-related cirrhosis. In addition,
it was assumed that RFA treatment did not
influence the cirrhosis deterioration, given that
the impairment effect of RFA in liver was tran-
sient and the liver function could gradually be
recovered by liver protective drugs. Age-related
mortality risks were derived from life tables
based on the hypothetical age in this model
[23]. The annual decompensation rates were
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were used as the range for sensitiv-
ity analysis. The 6-year cumulative
survival of compensated cirrhosis was 54%,
which served as the base case value derived
from a series of studies [27-29]. This value was
further converted to an annual mortality risk of
compensation cirrhosis using the DEALE meth-
od [22]. In addition, a 5-year cumulative decom-
pensated cirrhosis of 35% was used as the
base case value [27, 28, 30], and this value
was also converted to annual mortality risk of
decompensation cirrhosis using the DEALE
method [22]. However, RFA is a curative treat-
ment for early HCC. Studies specified whether
the patients with recurrent HCC after RFA were
undergoing an NA therapy or not were extreme-
ly difficult to identify, which made the mortality
of recurrent HCC in our model unable to calcu-
late. Thus, to focus on the impact of NA therapy,
the mortality risk of recurrent HCC was
assumed to be the same as the primary HCC.
The 2-year cumulative recurrence rate after
RFA was 54.3% and the 2-year mortality risk of
recurrent HCC was 25%. The values were
derived from studies by Lee et al. [11, 31-33].

Transition probabilities in the RFA plus NA
therapy arm

NA therapy was recommended to the patients
after RFA treatment. Similarly, these patients
started at a state of compensated cirrhosis.
These patients were also exposed to the risks
of age-related mortality, decompensated cir-
rhosis and tumor recurrence. The transition
probabilities were also obtained from studies
involving the patients with HBV-related cirrho-
sis. The annual decompensation rate was 7.3%
with a range from 3.18% to 13.73%, and these
values were extracted from Kanwal et al. [34-
36]. The annual mortality rate of the compen-
sated cirrhosis was 4.9%, which served as the
base case value derived from a series of stud-
ies [34, 35]. The annual mortality risk of the
decompensated cirrhosis was 19%, which
served as the median value derived from a
series of studies [34, 37, 38]. The 3-year cumu-
lative recurrence rate of RFA with NA therapy
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Table 4. Incremental cost-effectiveness ratios comparing three therapy
strategies in the two countries at the base case

tional cost-effective-
ness (CE) threshold,
which was the largest

Various parameters China USA
P RFA+NA RFA RFA+NA RFA amount of money an
individual was willing
QALYs (years) 5.09 3.89 5.09 3.89 )
to pay to gain one
Incremental QALYs gain (years) 1.20 - 1.20 QALY. This metric was
Life time cost ($) 41967.72 29564.96 211007.95 164587.65 used for compari-
Incremental cost ($) 12402.76 - 46420.30 sons with ICER to de-
ICER ($) 10368.19 - 38805.45 cide whether a strat-
Avg CE 8250.99 7599.94 41484.82 42308.73 egy was cost-effec-
WTP ($) 24,840 50,000 tive. For the USA, we
Is RFA+NA cost-effective? Yes Yes adopted the com-

was 35.1% and the 2-year mortality risk of
recurrent HCC was 19.6%. These were derived
from studies by Lee et al. [11, 31-33].

Costs and utilities

This study was conducted from a healthcare
system perspective. Therefore, only direct med-
ical costs were included. We obtained cost esti-
mates for cirrhosis and other related health
states from published studies of detailed, item-
ized inpatient and outpatient direct costs
incurred by patients with cirrhosis [39-45].
Entecavir (ETV) is a very potent and highly
selective inhibitor of HBV that is widely pre-
scribed [46]. The yearly cost of ETV as the base
case value, and the ranges of yearly costs of
other NAs (Lamivudine: LAM; Adefovir: ADV;
Telbivudine: LdT; Tenofovir: TDF) were used for
sensitivity analysis. The cost estimates were
separately obtained from cost-relative studies
specific for China [39-41] and the USA [42-45].
All costs are presented in Table 2. The base
case estimates and sensitivity ranges of utili-
ties in each health state were extracted from
studies [47-49] (Table 3). A discount rate was
set at 3% yearly for both costs and utilities.

The outcomes used to assess both of the
health benefits and costs included life year
gain (LYG), quality-adjusted life expectancy
(QALY) and incremental cost-effectiveness
ratio (ICER). QALYs were determined by the
quality and quantity of patient years accrued,
with one QALY equal to one year in perfect
health. ICERs were calculated to determine
the incremental costs of the implementing
strategy divided by the incremental QALY gain.
A lower ICER indicated a lower cost per unit
gain in benefit, and therefore a higher va-
lue to society. Willing to pay (WTP) was an addi-
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monly cited CE th-
reshold of $50,000/
QALY [50Q]. For China, we adopted the threshold
of $24,840/QALY, which was the 3 times GDP
per capital of China according to the WHO
guidelines for CE analysis [51].

Sensitivity analysis

TreeAge Pro 11.0 (TreeAge Software, Williams-
town, MA) was used for modeling. One-way
deterministic sensitivity analysis was per-
formed for all transition probabilities, costs and
utilities. Net monetary benefit (NMB), which
combined cost, effectiveness and WTP into a
single measurement, was introduced to reduce
the mathematical uncertainty of ICER. The
strategy with the hi-gher NMB was more cost-
effective under the given WTP parameter. For
transition probabilities and utilities, the sensi-
tivity analysis was performed by varying each
parameter over the range of variations among
the included studies. For the costs, by consid-
ering the lack of reported range data, a wider
range of 50%-200% of the base case value was
applied as described by Lim et al. [49].

Monte Carlo probabilistic sensitivity analysis
was performed to evaluate the total impact
of parameter uncertainties on the model
results, from which random draws were made
during 10,000 simulations. Findings are depict-
ed on a CE acceptability curve (CEAC). Agamma
distribution was assumed for cost estimates
and a beta distribution was used for efficacy
estimates.

Results
Base case analysis

Table 4 summarizes the results of base case
analyses. For LYG, the RFA plus NA therapy

Am J Transl Res 2018;10(8):2685-2695
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Figure 2. Tornado diagrams of one-way sensitivity analysis for China (A) and
the USA (B). All transition probabilities and some cost defined in this model
are analyzed. It is displayed that the conditions about recurrent hepatocellu-
lar carcinoma (HCC) were important factors affecting the strategy selection.
The length of the colored bar for each factor represents the extent of its
effect on NMB. A wider bar of the corresponding variable indicates a larger
potential effect on the NMB. Ranges are presented in Tables 1 and 2. cVcom:
the cost of compensation cirrhosis in the radiofrequency ablation (RFA) plus
nucleotide analogue (NA) therapy; cVdecom: the cost of decompensation cir-
rhosis in the RFA plus NA therapy; cVrecur: the cost of recurrent HCC in the
RFA plus NA therapy; cRcom: the cost of compensation cirrhosis in the RFA
monotherapy; cRdecom: the cost of decompensation cirrhosis in the RFA
monotherapy; cRrecur: the cost of recurrent HCC in the RFA monotherapy;
cfollowup: the cost of the follow-up; Vcomdie: the annual mortality rate of
compensation cirrhosis in the RFA plus NA therapy; Rcomdie: the annual
mortality rate of compensation cirrhosis in the RFA monotherapy; Vcomde-
com: the cirrhosis annual decompensation rate in the RFA plus NA therapy;
Rcomdecom: the cirrhosis annual decompensation rate in the RFA mono-
therapy; Vcomrecur: the recurrent rate after RFA in the RFA plus NA therapy;
Rcomrecur: the recurrent rate after RFA in the RFA monotherapy; Vdecom-
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die: the annual mortality rate of
decompensation cirrhosis in the
RFA plus NA therapy; Rdecom-
die: the annual mortality rate of
decompensation cirrhosis in the
RFA monotherapy; Vrecurdie: the
annual mortality rate of recurrent
HCC in the RFA plus NA therapy;
Rrecurdie: the annual mortality
rate of recurrent HCC in the RFA
monotherapy; Com: the utility of
compensation cirrhosis; Decom:
the utility of decompensation cir-
rhosis; Recur: the utility of recur-
rent HCC.

strategy provided an average
of 7.57 years, whereas the
RFA  monotherapy strategy
offered 5.83 years. With qual-
ity of life adjustments, the
RFA plus NA therapy produc-
ed 5.09 QALYs, whereas the
RFA monotherapy achieved
3.89 QALYs. The ICER of the
RFA plus NA therapy was
$10,368.19/QALY in China
and $38,805.45/QALY in the
USA. These values were less
than the corresponding WTP
thresholds in both countries.
This finding implied that the
RFA plus NA therapy strategy
was more cost-effective in
both China and the USA.

One-way sensitivity analysis

Figure 2 depicts the tornado
diagrams of all the input
parameters for China and the
USA. The utility of recurrent
HCC was the most sensitive
parameter in both China and
the USA. The next sensitive
parameters were the annual
mortality rate of recurrent
HCC in the RFA plus NA thera-
py and the cost of recurrent
HCC in the RFA plus NA thera-
py in China, as well as the
cost of recurrent HCC in the
RFA plus NA therapy and the
cost of recurrent HCC in the
RFA monotherapy in the USA.
It was displayed that the con-
ditions about recurrent HCC
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were important factors to affect the strategy
selection. In China, if the yearly cost of recur-
rent HCC patients with NA therapy increased up
to $9,946.10, the corresponding NMB would
be reduced compared with RFA monotherapy,
which made the RFA monotherapy more cost-
effective. Moreover, if the cost was less than
$9,946.10, the RFA plus NA therapy might be
recommended. In the USA, more parameters
influenced the strategy selection. If the rate of
annual recurrent risk of RFA increased to
25.67%, the corresponding NMB would reduce
below that of the RFA plus NA therapy, which
made the RFA plus NA therapy more cost-effec-
tive. Regarding the cost scenario, if the expen-
diture of recurrent HCC with the RFA plus NA
therapy was greater than $41,725.71, the RFA
plus NA therapy would be more cost-effective.
Moreover, if the cost of recurrent HCC with the
RFA plus NA therapy increased, a cut-off of
$41725.71 might indicate that the RFA plus NA
therapy could be less competitive.

Two-way sensitivity analysis

The top two sensitive parameters were relat-
ed to the cost of recurrent HCC. These param-
eters were included in the two-way analysis. In
China, the analysis demonstrated that the
costs of recurrent HCC for both strategies had
different effects on cost-effectiveness. How-
ever, we assumed the same base case and
range. Assuming that the yearly cost of recur-
rent HCC patients was $3,027 in the RFA mono-
therapy cohort, the NMB was the same as that
of the yearly cost of recurrent HCC patients at
$7,567.5 in the RFA plus NA therapy group.
Given the influences of liver function on the
HCC treatment, this finding suggested that the
RFA plus NA therapy might offer greater toler-
ance to gain cost-effectiveness. In the USA,
assuming that the yearly cost of recurrent HCC
patients was $19,375.5 in the RFA monothera-
py cohort, the NMB was the same as that when
assuming the yearly cost of recurrent HCC
patients was $26,616.5 in the RFA plus NA
therapy group.

Monte Carlo probabilistic sensitivity analysis

The median ICERs of the RFA plus NA therapy
compared with the RFA monotherapy were
$10,531.73 (10,460.06-10,603.40) in China
and $37,773.2 (37,274.59-38,271.82) in the
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USA. For China, the acceptability curve reveal-
ed that the RFA plus NA therapy exhibited an
increased probability of being more cost-effec-
tive compared with the RFA monotherapy con-
sidering WTP ($13,028) (Figure 3A). The result
was the same for the USA, indicating that if the
decision maker was willing to pay $43,180 or
more, the RFA plus NA therapy was more cost-
effective with an increased portion of popula-
tions attaining CE (Figure 3B). Our model dem-
onstrated that considering the WTP, 99.8% and
71.6% of patients in China and the USA, respec-
tively, it would choose the RFA plus NA therapy
strategy.

Discussion

Most HCCs are associated with hepatitis B in
China and the USA [3], and hepatitis virus infec-
tion affects tumor recurrence and liver func-
tion. The effect of antiviral treatment on HCC is
becoming an increasingly concern. Our model
demonstrated that RFA plus NA therapy pro-
duced relatively better results (5.09) compared
with RFA monotherapy (3.89). The ICER of the
RFA plus NA therapy was $10,368.19/QALY in
China and $38,805.45/QALY in the USA, which
was less than the corresponding WTP thresh-
olds in both countries. Thus, NA plus RFA thera-
py could provide enhanced CE for HBV-related
HCC within Milan criteria both in China and the
USA compared with RFA alone.

To date, a series of studies have demonstrated
that the treatment survivals of HBV-related
HCC after RFA were significantly improved with
antiviral therapy [31-33]. In 2006, Lee et al.
[31] showed that NA therapy was independent-
ly associated with a decreased risk of HCC
recurrence among patients with HBV-related
HCC after RFA. In addition, in the study of Sohn
et al. [33], it was declared that oral antiviral
treatment not only reduced HCC recurrences
but also improved patients’ overall survival
after curative RFA. The mean overall survival
after RFA was 9.4 years in the antiviral treat-
ment group, while it was 6.1 years in the non-
antiviral treatment group. However, these prior
studies were lacking of health and economic
evidence. In the present study, we constructed
the Markov model to simulate clinical situa-
tions. The results revealed that RFA plus NA
therapy produced 5.09 QALYs, whereas RFA
monotherapy offered only 3.89 QALYs. The pos-
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Figure 3. Cost-effectiveness acceptability curve (CEAC) of two treatment
strategies for both China and the USA. CEAC presents the uncertainty in cost-
effectiveness analysis and provides the reference to the WTP thresholds.
For China, the (radiofrequency ablation) RFA plus nucleotide analogue (NA)
therapy exhibites an increased probability of being more cost-effective com-
pared with RFA monotherapy considering (willing to pay) WTP ($13028) (A).
For the USA, if the decision maker is willing to pay $43180 or more, the RFA
plus NA therapy was more cost-effective (B).

apy [11, 31, 33], which re-
lieves patient tumor burden
and further leads to increased
utilities.

Regarding the CE analysis,
our model demonstrated that
RFA plus NA therapy strategy
was more cost-effective com-
pared with RFA monotherapy
for the treatment of HBV-
related HCC within Milan crite-
ria both in China and the USA,
based on the case analysis,
sensitivity analysis and CE
acceptability curve analysis.
The ICER of the RFA plus NA
therapy versus RFA monother-
apy was $10,368.19/QALY in
China and $38,805.45/QALY
in the USA, and both values
were less than the WTP
thresholds of cost-effective-
ness, indicating that the RFA
plus NA therapy was cost-
effective whether in China
and the USA. Therefore, we
considered that the RFA
plus NA therapy should be
recommended for better CE in
both countries. CE acceptabil-
ity curves were also per-
formed for both countries.
The values of the cross points
were $13,028 in China and
$43,180 in the USA. The
same trend is noted in both
countries, suggesting that
RFA  monotherapy may be
proper for the populations
with rather poor economic
conditions (when WTP was
less than the cross points). On
the other hand, RFA plus NA
therapy is likely to be accept-
ed by patients with a relatively
high WTP.

itive effects of RFA plus NA therapy for HCC
may be attributed to the following reasons.
Antiviral treatment decreases hepatitis activi-
ty, improves liver function and gains better liv-
er function preservation by inhibiting HBV reac-
tivation [52-55]. The recurrence rate after RFA
is obviously reduced with the RFA plus NA ther-
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According to the tornado diagrams, the top
three sensitive factors were all associated with
tumor recurrence, and this feature was in com-
mon in both countries. These findings were rea-
sonable because tumor recurrence reduces
disease-free survivals and overall survivals. In
addition, the cost of consecutive treatments in
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the next cycle was the highest among all
Markov states [39-45], indicating that HCC
recurrence indicates a poor prognosis of the
CE. In addition to the treatment of primary HCC,
the optimal treatment for recurrent HCC after
RFA deserves equal attention. Despite its
expense, the cost of the NA therapy did not
affect the medical decision when its range var-
ied. These results further confirm that it is
worthwhile to recommend a NA therapy after
RFA, despite of its additional cost.

There are several limitations in our model. First,
the cost estimates in our analysis were based
on national data and regional differences in
outcomes after RFA were not considered. Costs
may vary in different regions as well as the
treatment plans. Thus, we sought to minimize
the uncertainties by using a wide range of cost
values (50%-200% of base-case value) in the
sensitivity analyses. Therefore, our model could
be applied in both countries if cost data lie
within the ranges we established. Second, no
subgroup analysis was performed for patients
who received NA therapy, such as subgroups of
different HBV-DNA levels and HBeAg states.
This analysis could help elucidate the specific
effect of antiviral therapy for HCC patients in
different HBV infection states. However, given
limited literature focusing on this area, data for
subgroup analysis was difficult to obtain. Our
article suggests that the RFA plus NA therapy
performs better in both LYG and CE, and we are
hopeful that more researchers will pay atten-
tion to the RFA plus NA therapy in early HCC
treatment to validate our conclusions and pro-
vide more information for the subgroup
analysis.

In conclusion, additional NA therapy after RFA
is more cost-effective than RFA monotherapy
for HCC patients within Milan criteria in both
China and the USA. Our findings should be vali-
dated in further high-quality studies.
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Table S1. References used to derive cirrhosis annual decompensation probabilities

Decompensation rate at

o/ \W
corresponding years (%) Annual rate (%)

Reference  Author/Publication year  Center Sample size

RFA
24 Fleming KM, 2010 UK 3123 - 11.8*%
25 Fattovich G, 1997 Italy 355 18 (5 years) 3.9
26 Hu KQ, 1999 USA 112 22.2 (5 years) 5.0
RFA+NA
34 Kanwal F, 2005 USA - - 7.3%#
35 Tsai MC, 2014 Taiwan 176 6.25 (2 years) 3.18
36 Lampertico P, 2015 Italy 414 83 (12 years) 13.73

#, Selected as base value for its largest sample size. W, Calculated from decompensation rate at corresponding years (time)
using the following formula: 1-(1-r)1/time, r refers to probability extracted from literatures and time refers to corresponding
time horizon. &, Systematic review results.

Table S2. References used to derive annual mortality rate of compensated cirrhosis

Sample Mortality rate of compensation cir-

Reference Author/publication year Center size thosis at corresponding years (%)

Annual rate(%)"

RFA
27 D’Amico G, 1986 Italy 1155 - 9.76*
28 De Jongh FE, 1992 Netherlands 98 15 (5 years) 3.2
29 Benvegnu L, 2004 Italy 312 14.4 (5 years) 3.06
RFA+NA
34 Kanwal F, 2005 USA - - 4.9%#
35 Tsai MC, 2014 Taiwan 176 18.8 (4 years) 5.07

#, Selected as base value for its largest sample size. W, Calculated from decompensation rate at corresponding years (time)
using the following formula: 1-(1-r)1/time, r refers to probability extracted from literatures and time refers to corresponding
time horizon. &, Systematic review results.

Table S3. References used to derive annual mortality rate of decompensated cirrhosis

Sample Mortality rate of decompensation

Reference Author/Publication r nter A . ) .
eference Author/Publication yea Cente size  cirrhosis at corresponding years (%)

Annual rate (%)%

RFA
27 D’Amico G, 1986 Italy 1155 - 229
28 De Jongh FE, 1992 Netherlands 98 85 (5 years) 31.57
30 Fattovich G, 1995 Italy 349 35 (5 years) 18.94%#
RFA+NA
34 Kanwal F, 2005 USA - - 19%#
37 Shim JH, 2010 Korea 70 - 8.6
38 Das K, 2010 India 253 80 (5 years) 27.52

#, Selected as base value for its largest sample size. W, Calculated from decompensation rate at corresponding years (time) us-
ing the following formula: 1-(1-r)1/time, r refers to probability extracted from literatures and time refers to corresponding time
horizon. &, Systematic review results.
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Table S4. References used to derive recurrence rate after RFA

Recurrent risk after RFA at

o/ \W
corresponding years (%) Annual rate (%)

Reference Author/Publication year  Center Sample size

RFA
31 Kuzuya T, 2006 Japan 49 39.2 (2 years) 22.03
11 Lee TY, 2015 Taiwan 399 54.3 (2 years) 32.4%
33 Sohn W, 2016 Korea 228 85.3 (5 years) 31.8
RFA+NA
31 Kuzuya, 2006 Japan 49 35.1 (2 years) 19.44
11 Lee TY, 2015 Taiwan 399 41.8 (2 years) 23.71%
33 Sohn W, 2016 Korea 228 56.2 (5 years) 15.2

#, Selected as base value for its largest sample size. W, Calculated from median survival using the DEALE method as de-
scribed above.

Table S5. References used to derive annual mortality rate of recurrent HCC

Mortality rate of recurrent HCC

o/ \W
at corresponding years (%) Annual rate (%)

Reference Author/Publication year  Center Sample size

RFA
11 Lee TY, 2015 Taiwan 399 25 (2 years) 13.4%
32 Yoshida H, 2008 Japan 104 97 (5 years) 50.41
33 Sohn W, 2016 Korea 228 85.3 (5 years) 34.8
RFA+NA
11 Lee TY, 2015 Taiwan 399 19.6 (2 years) 10.33*
32 Yoshida H, 2008 Japan 104 62 (5 years) 17.59
33 Sohn W, 2016 Korea 228 85.3 (5 years) 15.2

#, Selected as base value for its largest sample size. W, Calculated from median survival using the DEALE method as de-
scribed above.



