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Abstract

have the potential to prevent these diseases.

subgroups.

Background: Persons with chronic hepatitis B (CHB) infection are at risk of developing cirrhosis and
hepatocellular carcinoma (HCC). Early detection of active CHB through monitoring and treatment of eligible patients

Aims: We aimed to predict the disease progression in our baseline patient cohort by using risk prediction tools,
and estimate the cost-effectiveness of a monitor and treat (M&T) strategy.

Methods: The REVEAL-HBYV study team has developed nomograms for predicting liver cirrhosis and HCC risk
in patients with CHB. Baseline data such as gender, birth date, HBVDNA, ALT, HBeAg status, stage of liver disease,
genotype, family history of HCC, and alcohol consumption were taken for 668 CHB patients. The cohort was divided
into three subgroups according to the eligibility for treatment under the APASL guidelines; ineligible, borderline and
eligible, and each were scored according to the REVEAL nomogram tools.

Results: In the ineligible group, if inactive cases are being monitored and treated upon transition to active, the
number of new cirrhotic and HCC cases will be reduced by 30% and 40%, respectively. For the borderline group,
cirrhosis and HCC will be reduced by 63% and 72%, and for the eligible group, by 84% and 95%, respectively. If we
were to implement the M&T strategy, the US$ per QALY gained, compared to do nothing strategy, for sub-groups
eligible, borderline, and ineligible are $1,131, $500 and $97, respectively.

Conclusions: To reduce the risk of cirrhosis and HCC, a monitor and treat strategy is cost-effective in all-

Keywords: Hepatitis B; Cost-effectiveness; Treatment; Monitor;
Disease progression

Introduction

Approximately 80% of hepatocellular carcinoma (HCC) is due to
chronic hepatitis B (CHB) infection [1]. Adults with CHB infection that
was acquired through mother-to-infant transmission, which is the case
in China, develop HCC at a rate of about 5-10% per decade, which is
approximately 100-fold higher than the rate among uninfected persons
[2]. In comparison to HIV, which affects 600,000 Chinese, HBV has
chronically infected an estimated 130 million Chinese, making it the
most prevalent life threatening infection in China [2].

Antiviral therapy is the only option to control and prevent
progression of disease in patients with active CHB, which is defined
as HBV DNA >10* copies/mL, and ALT 2xULN. It is unclear whether
patients with mild liver disease, borderline elevated HBV DNA, and
mildly elevated ALT levels should be treated at all [3]. In patients
with HBV DNA <10* copies/mL, the impact of antiviral treatment on
clinical outcomes and whether treatment would actually reduce the
risk of HCC are still unknown.

The Risk Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) study team has
developed easy-to-use nomograms for predicting liver cirrhosis and
hepatocellular carcinoma risk in patients with CHB infection, based
on sex, age, family history of HCC, alcohol consumption, serum ALT
level, HBeAg status, serum HBV DNA level, and HBV genotype [4,5].
This scoring system estimates the risk of developing HCC and cirrhosis
at 5 and 10 years in adult chronic hepatitis B patients. In the present

study we aimed to apply these nomograms to predict the disease
progression to cirrhosis and HCC in our baseline patient cohort, by
dividing the groups according to the eligibility for treatment under the
Asian-Pacific Association for the Study of the Liver (APASL) guidelines
(6], and estimate, by implementing the predicted disease progression
risks to cirrhosis and HCC in a Markov model, the cost and effects of a
monitor and treat scenario for each sub-group.

Methods

Cohort

Between May 2011 and October 2012, a total of 1010 chronic
hepatitis B patients who had mono-HBV infection were identified at
the infectious diseases department of the Zhoushan hospital, Zhejiang.
Baseline patient data such as gender, date of birth, baseline HBV DNA
level, baseline ALT level, HBeAg status, stage of liver disease (cirrhosis,
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HCC or liver failure), genotype, family history of HCC, and alcohol
consumption were taken. Alcohol consumption habit was defined as
drinking alcohol at least 4 days a week for at least 1 year. All patients
were treatment naive when baseline measurements were taken. We
excluded patients with HCC (n=96) and cirrhosis (n=246), and the
data of the remaining 668 CHB patients at baseline were used for our
study.

The CHB cohort was divided into three subgroups; ineligible,
borderline and eligible, according to the 2012 APASL treatment
guidelines [6] the eligibility requirements include; HBeAg-positive
patients: HBV DNA > 10° copies/mL and ALT > 2xULN, HBeAg-
negative patients: HBV DNA > 10* copies /mL and ALT > 2xULN.
Borderline group was defined as; HBV DNA high or low and ALT <
2xULN.

The CHB cohort was scored according to the REVEAL nomogram
tools for risk of liver cirrhosis and HCC. For example, a 45 year old man,
with family history of HCC and alcohol consumption habit, serum
ALT level of 80 (U/L), HBeAg-negative, HBV DNA of 10° copies/mL
and genotype C, will have a total risk score of 18 for predicting cirrhosis
and a score of 15 for predicting HCC. According to the REVEAL-HBV
studies risk of end stage liver diseases [7], his predicted 5- and 10-year
risk was 24.85% and 54.87%, respectively, for cirrhosis; and 23.44%
and 52.62%, respectively, for HCC. We calculated the 5- and 10-year
risk for cirrhosis and HCC for each individual case in our CHB cohort,
and have calculated the arithmetic mean for disease progression. Each
subgroup was scored and the 5 and 10 year risks for liver cirrhosis and
HCC were calculated. The sub-group specific 5- and 10-year risks were
calculated into annual rates using the formula: r=-(1/¢))*(LN(1-P)),
and were then transformed into annual probabilities using a standard
formula : P=1-e™, where P is the probability, e is the base of natural
logarithm, r is the event rate, and ¢ is the time interval, which were used
as disease progression probabilities in a Markov model.

Markov model

To compare the incremental clinical and economic outcomes of
monitoring and subsequent treatment of eligible CHB patients, we
used a Markov model that describes disease progression and assesses
the long-term morbidity and mortality of a cohort of patients during
follow-up. The structure of the model and the estimates used have been
described in detail in our previous modeling study [8] and are included
in supplementary Tables 1 and 2.

Assumptions

Our model assumes continued antiviral therapy for active HBeAg-
positive and negative patients. We assumed that eligible patients
receive treatment with entecavir, an antiviral drug with a low resistance
profile [9,10], this also according to a recent cost-effectiveness study in
China on antiviral therapy concludes that entecavir is cost-effective to
treat CHB compared to other antivirals [11].

Strategies

Natural History: The cohort follows the natural history of disease
(no antiviral treatment), with the calculated cirrhosis and HCC disease
progression risk for each subgroup (Table 2), and other health states,
such as death and liver transplantation (supplementary Table 1).

Monitor & Treat: Patients start in the inactive health state
(ineligible and borderline sub-groups), and are being monitored 2x
annually, when they transition to the active state, they are being treated

with entecavir. The treatment eligible group starts in the treatment
model.

Sensitivity analysis

To study the effect of uncertainty of the robustness of our results
we performed a sensitivity analysis on the lower and upper bounds for
the arithmetic mean of the disease progression estimates (Table 2). In
addition, we tested drug (entecavir) price reduction by 5% and 50%.

Results

Clinical and economic outcomes

Of the 668 chronic hepatitis B patients, approximately 63% (n=425)
were eligible for treatment on the basis of the APASL guideline (Figure
1). Characteristics and risk scores for the CHB cohort is summarized in
Table 1. The male gender dominated (73%) and about 43% of patients
were HBeAg-positive with genotype C.

Risk score for Risk score for | Chronic hepatitis

Characteristics

liver cirrhosis* HCC* B patients N=668
Gender
Female 0 0 180 (27%)
Male 3 2 488 (73%)
Age (years)
30-34 0 0 259 (38.8%)
35-39 1 1 76 (11.4%)
40-44 2 2 84 (12.6%)
45-49 3 3 80 (12%)
50-54 4 4 82 (12.2%)
55-59 5 5 44 (6.6%)
60-64 6 6 43 (6.4%)
Family history of HCC
No - 0 604 (90%)
Yes - 2 64 (10%)
Alcohol consumption habit*
No - 0 583 (87%)
Yes - 2 85 (13%)
Serum ALT level (U/L)
<15 0 0 2 (0.3%)
15-44 0 1 60 (9 %)
245 2 1 606 (90.7%)
HBeAg/HBV DNA (copies/mL)/genotype
Negative/<300
(un%etectable)/— 0 0 64 (9.6%)
Negative/300-9999/- 2 1 41 (6.1%)
Negative/10 000-99
99018 or B + C 4 3 14(2.1%)
Negative/10 000-99
998/0 3 4 34 (5.1%)
Negative/100 000-
998999/8 orB+C 6 3 9(1.3%)
Negative/100 000-
993 999/C 10 7 40 (6%)
gliggtlvelz 10%/B or 6 4 21 (3.1%)
Negative/z 10%/C 12 7 62 (9.3%)
Positive/B or B + C 6 6 95 (14.2%)
Positive/C 9 6 288 (43.1%)

*Risk scores assigned to risk predictors of liver cirrhosis and HCC from the
REVEAL-study [7]*Alcohol consumption habit was defined as drinking alcohol at
least 4 days a week for at least 1 year [5]

Table 1: Patient characteristics and the risk scores.
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Table 2 presents the estimated disease progression risks for
cirrhosis and HCC in each sub-group. In a 10-year period, the disease
progression for (total cohort) cirrhosis and HCC is 24.42%, and 11.40%,
respectively. If we look at sub-group specific disease progression, a high
HCC disease progression is noted in the borderline group.

The average lifetime costs, QALYs gained, and US$ per QALY
gained (Incremental Cost Effectiveness Ratio (ICER)) in the natural
history and monitor & treat scenario for each sub-group, are presented
in Table 3. The highest amount of QALYs gained in the treatment
eligible group if monitor & treat scenario is applied, is 9.09, followed by
the borderline group 7.54, and 3.30 in the ineligible group, compared
to the natural history. The US$ per QALY gained for sub-groups
treatment, borderline, and no treatment are $1,131, $500 and $97,
respectively. The ICER was the lowest ($97) in the no treatment group.

A reduction in the development of cirrhosis and HCC was observed
in our model projections when the monitor & treatment scenario was
applied. In the ineligible group, if inactive cases are being monitored
and treated upon transition to active, the number of new cirrhotic
and HCC cases will be reduced by 30% and 40%, respectively. For the
borderline group, cirrhosis and HCC will be reduced by 63% and 72%,
and for the treatment group, by 84% and 95%, respectively. Compared
to the natural history (do nothing) scenario, for sub-groups ineligible,
borderline and eligible, the monitor & treat scenario has a gain of 7, 14
and 23 life years, respectively.

Program costs for monitoring inactive and treating eligible
patients

In addition to the cost and QALY gained per patient, we calculated
the total program costs if the CHB patients are identified, monitored
and treated. The Zhoushan Island has a population of approximately
500,000. If we modestly assume that the prevalence of HBsAg is 10%
on the island, meaning 50,000 HBsAg-positive cases. If we further
categorize these patients into sub-groups, we will have 15,000 (30%)
in no-treatment, 3,500 (7%) in borderline and 31,500 (63%) in the
treatment group. The total costs for a monitor & treat program in
sub-groups no-treatment, borderline and treatment, are $323 million,

Disease progression risk, % (95% Cl)

$129 million and $1.3 billion, respectively. In return, we gain a total
of 290,000 QALYs, and 105,000 LYs for no-treatment group; a total
of 69,720 QALYs, and 49,000 LY for borderline group; and a total of
671,895 QALYs and 724,500 LYs for the treatment group.

Sensitivity analysis

When the upper boundary the disease progression estimates were
assumed, the ICER in each subgroup decreased by 72%, 77% and 12%
for the ineligible, borderline and eligible groups, respectively, compared
to the base case results. When the lower boundary disease progression
estimates were assumed, the ICER increased by 49%, 30% and 11% for
the ineligible, borderline, and eligible groups, respectively (Figure 2).
When 50 % price reduction is applied to entecavir, the monitor & treat
scenario becomes cost-saving in all sub-groups, by cost-saving meaning
that the cost is lower and the QALY higher compared to the natural
history. Even if the entecavir price is reduced by 5%, it will be a cost
saving scenario in the ineligible group, and higher ICERs compared to
the base case price in the monitor & treat scenario (Table 3).

Discussion

Chronic hepatitis B is an asymptomatic disease, meaning that
persons that are infected are often not aware, and generally not detected.
The cases that are detected are usually not followed-up for reasons such
as high costs, and not taking the disease seriously, either by the patient
or the health care specialist. If the already detected active and inactive
cases follow a so called “monitor & treat” program, the reduction in
cirrhosis and HCC will be substantial, compared to the high disease
progression which we calculated using the REVEAL nomograms. The
monitor & treat program will be cost-effective in all sub-groups, and
even cost-saving if the price for the low resistant profile drug is reduced
by 5%.

The height of the threshold value is of great influence on decisions
in the reimbursement process and intervention policy. The World
Health Organization defines the threshold value for intervention cost-
effectiveness as 1-3x the gross domestic product per capita for a country
[12]. For China this value is between $5,545 and $16,635, which makes

Cirrhosis HCC
Sub-group 5-year 10-year 5-year 10-year
Ineligible (n=198) 5.86 (4.9-6.8) 14.51 (12.5-16.5) 3.22 (2.5-4.0) 8.04 (6.3-9.8)
Borderline (n=45) 13.63 (8.6-18.6) 27.95 (19.5-36.4) 9.48 (4.2-14.7) 18.42 (10.3-26.5)
Eligible (n=425) 12.86 (11.6-14.0) 28.67 (26.5-30.7) 5.20 (4.4-6.0) 12.23 (10.6-13.9)
Total cohort (n=668) 10.84 (9.9-11.7) 24.42 (22.8-26.0) 4.90 (4.2-5.6) 11.40 (10.1-12.7)

arithmetic mean was taken for the disease progression rates

Table 2: Cirrhosis and HCC progression rates in each sub-group.

Ineligible group

Total cost per | Total QALYs per

Total cost per

Borderline group
Total QALYs per

Eligible group*

Total cost per | Total QALYs per

Strategy patient ($) patient ICER patient ($) patient ICER patient ($) patient ICER
Natural history 21,229 16.06 - 33,280 12.38 - 32,430 12.24

Monitor & Treat 21,550 19.36 97 37,043 19.92 500 42,711 21.33 1,131
Reduction in ETV 20,752 19.36 cost 35,196 19.92 254 40,243 21.33 860
price by 5% saving

Reduction in ETV 14,794 19.36 cost 21,622 19.92 cost 22,164 21.33 cost saving
price by 50% saving saving

US$ per QALY gained
*Patients eligible under the APASL treatment guideline

Table 3: Average life-time costs and QALY per patient for each sub-group.
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our calculated ICERs very appealing, because for each sub-group the
values are lower than the given threshold. If we manage to lower drug
costs by about 50%, we will be saving money and lives compared to
doing nothing, and this will be the case by only reducing the price by
5% for the no-treatment group.

The disease progression risk to HCC in the borderline group was
the highest. This could suggest the following: the REVEAL study takes
factors such as age, HBeAg, HCC family history, genotype and alcohol
consumption into consideration. When APASL is preparing treatment
guidelines, they look at ALT and HBV DNA values, and take HBeAg
as a co-factor when looking at ALT and HBV DNA. In our borderline
sub-group, patients have a family history of HCC that increases the
risk, which could explain the high rate of disease progression in this
group. Therefore if family history of HCC and alcohol consumption is
known, which can play a major factor in the progression of disease; this
should be taken in consideration including the already used indicators
for treatment eligibility such as HBV DNA and ALT levels.

Studies have found that a noticeable proportions of patients with
borderline normal and/or mildly elevated ALT to have substantial
histologic disease and thus to be at risk of liver related mortality [13-
15]. Especially in Asian patients, liver damage is more deceptive,
leading to a long term and severe complications even with ALT levels
1-2xULN [16]. Patients with normal ALT who are not considered
treatment eligible according to the treatment guidelines, are still at
risk to have serious disease activity [15,17]. Tong et al. [18] provides

Total cohort Zhoushan Island

o= 1010

insight into the effect of current treatment guidelines in which their
study reports that 30-53% of patients who later developed HCC or died
of liver related causes were not found to be eligible for treatment on the
basis of either the US Panel or AASLD guidelines.

Nguyen et al. [19] studied the treatment eligibility during follow-
up of patients that were initially ineligible for treatment, a cohort
that consisted primarily of Asian patients, under the US Panel and
the AASLD guidelines. In this study, the cumulative rates of patients
meeting treatment criteria was 6% at year 1, 18% at 2 years, and 29% at
3 years of follow up, which emphasize the importance of regular follow-
up of CHB patients to assess disease status and treatment conditions.

Results from a recent meta-analysis [20] report that HBV genotype
C doubles the risk of developing HCC compared with other major
HBYV genotypes. This finding can support to implement screening for
high-risk patients in order to provide intensive HCC surveillance for
patients infected with genotype C. The predominant genotype found
in our patients was genotype C, which is in accordance with a recent
genotype study on a CHB patient population in the Zhoushan Islands
[21]. Most Asian patients acquire HBV infection through vertical
or early horizontal transmission and are often diagnosed during the
immuno-tolerant phase, when serum HBV DNA levels are high but
ALT values are persistently normal [22]. Sarin and Kumar [23] propose
that patients with normal ALT should be considered for treatment
based on the HBV DNA levels and histological injury.

HCC (n=96)

Cirthosis (n=246)

Excluded patients (n=342):

CHB only cohort

n=668

HBeAg+ HEV DNA <10 copies/niL., ALTNommnl

HBeAg- HEV DNA <10* copies/nil, ALT Nomml

Tneligible (30%) Borderline (7%)

=198 n=45

Yoo

HEBed g+ HEV DNA >10° copies’nil, ALT < 2aULN

HBeAg-: HEV DNA 10" copies/mil, ALT < 2&ULN

HBeA g+ HEV DNA >10° copies/nil, ALT = 2xULN

HBeAg- HEV DNA = 10" copies/mil, ALT = 3ULN

Higible (63%)

_/

n= 425

Markov Model:

1

and treat scenario

Natural History: Patients follow the calculated disease
progression, no treatment. no monitoring
2. Monitor & Trear: Patients in each sub-group follow the momnitor

Figure 1: Flow diagram of patient sub-group division.
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Figure 2: Incremental Cost-Effectiveness Ratio (ICER) for monitor & treat
scenario for each sub-group analysis for the lower and upper boundaries of the
disease progression estimates.

Patients should be regularly monitored to detect active disease as
effective treatment is available. Many patients with CHB do not receive
routine monitoring, treatment or follow-up, which could have several
reasons; lack of knowledge about the disease and the need for treatment,
uncertainty about how to treat, insufficient knowledge on the severity
of the disease, and lack of resources to diagnose and subsequently treat
[24]. In a recent survey study by Chao et al. [25], of the 250 highly
educated health care and public health professionals, 34% did not
know that CHB is often asymptomatic, and 29% did not know that
CHB confers a high risk of cirrhosis, liver cancer, and premature death.

In Asia, the cost of therapy and cost-effectiveness analyses from the
patient’s perspective is heavily influenced by reimbursement policies
of countries. There are three basic types of policies: full reimbursement
where the patient pays no direct costs as the costs are borne by the
tax payer, partial reimbursement where only part of the costs are
reimbursed and the balance is paid directly by the patient, and no
reimbursement where the patient pays for everything [26]. A recent
study by Lu et al. [27] estimated the direct out of pocket cost of all
HBV-related diseases. In their study population 95% were insurance,
but concluded that patients with severe hepatitis B or primary cancer
suffered a high economic burden even after insurance reimbursement,
spending 137.5% and 149.5%, respectively, of their household annual
income.

A limitation in our study is that our patient data is a hospital based
cohort, and it is possible that the proportion of patients in the treatment
eligible group is high. Although, our results are in accordance with a
large population of Chinese CHB patient study by Fung et al. of which,
64% of their study population was eligible for treatment under the
APASL guidelines.

Hepatitis B virus vaccines created the first breakthrough in HBV
prevention. The next breakthrough came with therapy for CHB, which
has the potential to prevent progression to cirrhosis, reverse cirrhosis
scares [28], and possibly prevent liver cancer. But treatment is only
effective if the people who are eligible for treatment are identified.
Screening not only identifies persons who may be HBV carriers, and
need to be monitored, and/or treated to prevent liver cancer, but it also
identifies non-carriers so they can be vaccinated, and thus prevented.
So if we do detect HBsAg-positive cases, it should be possible to apply
a monitor & treat if eligible strategy, in a high endemic area. The
next step is to find out how much a screening program will cost, and
whether it is cost-effective in combination with our proposed “monitor
& treat” strategy.
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