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ABSTRACT

The objectives of this study were to estimate the cost-utility of each drug
treatment compared with palliative care in patients with HBeAg positive chronic
hepatitis B (CHB) and to estimate the governmental budget impact when included in
the National List of Essential Drugs (NLED) using an economic evaluation model.
Cost-utility analysis was used to compare the medications in the treatments of HBeAg
positive CHB patients. A Markov model was used to estimate the relevant costs and
health outcomes during a lifetime horizon based on a societal perspective. Direct
medical costs, direct non-medical costs and indirect costs were included, and health
outcomes were life years (LY) and quality adjusted life years (QALYSs). The results
were presented as the incremental cost effectiveness ratio (ICER) in Thai baht (THB)
per LY or QALY gained. One-way sensitivity and probabilistic sensitivity analyses
were applied to investigate the effect of model variable uncertainties.

The results of this study suggested that providing generic lamivudine plus
adding tenofovir when drug resistance occurred (ICER = -14,000 THB/QALY
gained), generic lamivudine plus adding tenofovir based on the road map guideline
(ICER = -8,000 THB/QALY gained) and tenofovir monotherapy (ICER = -5,000
THB/QALY gained) were dominant and cost-saving options compared to palliative
care. Providing generic lamivudine plus adding tenofovir when drug resistance occurs
could save healthcare costs of approximately 70,000 THB per patient, since the cost of
serious complications could be avoided in the future. Moreover, CHB treatment could
also prolong patients’ overall survival by about 18 years. The governmental budget
impact demonstrated that providing HBeAg positive CHB patients with generic
lamivudine plus tenofovir when drug resistance occurs, or providing tenofovir
monotherapy, could reduce the overall budget from the fifth or seventh fiscal year
onwards, respectively. However, in the long run the budget costs for lamivudine and
tenofovir would decrease, whereas that for palliative care would increase.

KEY WORDS: HEALTH TECHNOLOGY ASSESSMENT / ECONOMIC
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CHAPTER|
INTRODUCTION

Hepatitis B is an infectious disease of the liver caused by hepatitis B virus
(HBV). It is transmitted through blood to blood contact, sexual contact, or mother to
child. Hepatitis B is one of the world’s most common and serious infectious diseases. An
estimated 350 million people or more than one third of the world’s population have
been infected with the HBV (1). About 5% of the populations are chronic carriers of
HBV, and nearly 25% of all carriers develop serious liver diseases such as chronic
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC) causing more than one million
deaths every year (1). Chronic liver diseases and HCC associated with HBV infections
are one of the most important public health problems in high-prevalence regions (2-3).
These diseases can cause an increase in economic burden and decrease in quality of life
of patients (2-3). The annual costs per person of compensated cirrhosis
decompensated cirrhosis, and HCC are 251,000, 155,000, 172,000 THB, respectively
4).

The prevalence of HBV varies markedly among different regions of the
world(5). Especially most Southeast Asian countries including Thailand have been
classified as a high prevalence area of HBV. In the past, an estimated 4-5 million
people are infected with HBV with the prevalence rate higher than 8% in Thailand (1).
Since 1992, the Ministry of Public Health has implemented the nationwide hepatitis B
vaccine immunization program for all newborns and provided hepatitis B immune
globulin (HBIG) for babies born to carrier mothers (6). Consequently, the prevalence of
HBV in Thailand was decreased to 4% (7).

Current HBV infection can be detected by the presence of hepatitis B
surface antigen (HBsAQ) in the serum. Infected individuals develop an acute infection,
which may or may not result in symptoms. In most individuals, infection will resolve
and HBsAg disappears from the serum, but the viruses persist in some patients who

become chronically infected with hepatitis B. More than 95% of those infected with
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HBV during adulthood make a full recovery and acquire immunity from future
infection, while less than 5% of infected adults and more than 90% of infected
neonates will develop chronic hepatitis B (CHB).

The diagnosis of CHB is based on the presence of HBsAg for 6 months or
more after acute infection. Individuals chronically infected with HBV are at increased
risk of developing cirrhosis leading to hepatic decompensation and HCC (8-9).
Hepatitis B e antigen (HBeAg) is an indicator of viral replication. Active infection can
be described as HBeAg positive or negative. HBeAg positive and HBeAg negative are
different in terms of the response to treatment and rates of progression. HBeAg
negative, the mutant strains of HBV that do not produce e antigen, is associated with a
fluctuating course and a poor prognosis. About 31% of patients with HBsAg positive
CHB are HBeAg positive CHB (10-11).

Drug treatments for CHB can reduce viral replication to the lowest
possible level and maintain it through the long term. The goal of therapy for CHB is to
improve quality of life and survival by preventing disease progression to cirrhosis,
decompensated cirrhosis, end-stage liver disease, HCC and death. This goal can be
achieved if HBV replication can be suppressed in a sustained manner. The
accompanying reduction in histological activity of chronic hepatitis can decrease the
risk of cirrhosis and HCC in non-cirrhotic patients as well as probably in cirrhotic
patients but to a lesser extent (12). Currently six CHB medications including both oral
(i.e., lamivudine, adefovir, entecavir and telbivudine) and intravenous (i.e.,
conventional interferon and pegylated interferon) dosage forms have been licensed by
the Thai Food and Drug Administration (FDA). In addition, tenofovir has been
approved by Thai FDA for the treatment of HIV, but not for CHB treatment yet.
However, tenofovir 300 mg daily has been currently prescribed to CHB patients in
clinical practice, since tenofovir has demonstrated high antiviral efficacy and low drug
resistance rate for the treatment of CHB (13-14).

At present, only lamivudine has been included in the National List of
Essential Drugs (NLED), but not other medications for patients with CHB. The results
from economic evaluation in this study could be used as the information for policy

decision making in Thailand.
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Conceptual framework

Direct costs Transitional
Input Indirect costs Probabilities QALYs*
I |
\ 4
Markov

PrOCESS Mode'

Budget
Output ICER' Impact

Figure 1.1: The conceptual framework of the cost-utility and budget impact
analysis
*QALYs=quality adjusted life years

T ICER=Incremental cost-effectiveness ratio

Objectives

General objectives

The objectives of this study were to compare the cost-utility of each drug
treatment with palliative care in patients with HBeAg positive CHB and to estimate
the governmental budget impact of the most cost-effective treatment when included in
the NLED.

Specific objectives

1. To estimate the costs and utility between drug treatments in patients
with HBeAg positive CHB and palliative care.

2. To calculate the incremental cost-effectiveness ratio (ICER) for each

compared intervention.
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3. To estimate the governmental budget impact.

Expected outcomes and Benefits

Currently only lamivudine has been included in the National List of
Essential Drugs (NLED), but not other medications for patients with CHB. As a result,
most CHB patients especially those under the Universal Coverage (UC) which covers
a population of 45 million in Thailand still cannot have an access to other CHB
medications (15). In fiscal year 2009, the National Health Security Office (NHSO)
requested economic evaluation information to consider whether which drugs for
HBeAg positive chronic hepatitis B patients should be included in the benefit package
of UC scheme. Nevertheless, at present there has been no such data yet. The results
from economic evaluation in this study could be used as the information for policy

decision making in Thailand.

Definition of terms

Acute hepatitisB

Acute hepatitis B is defined as abrupt manifestations of hepatic injury that
occur within 6 months of exposure to HBV and resolve within 6 months after onset.

Alanine aminotransferase (AL T)

Alanine aminotransferase (ALT) is an enzyme that indicates liver
inflammation.

Antigen

Antigen is any substance that the body regards as foreign or potentially
dangerous and against which it produces an antibody.

Anti-HBe

Anti-HBe is the antibodies to the HBeAg antigen.

Biochemical responses

Biochemical responses are defined as changes in serum ALT levels by a

decrease into the normal range
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Cirrhosis

A condition in which the liver responds to injury or death of some of its
cells by producing interlacing strands of fibrous tissue which are nodules or
regenerating cells.

Compensated cirrhosis

Compensated cirrhosis means that the liver is still able to cope with or
compensate for the damage and carry out most (sometimes all) of its functions.

Cross-resistance

Cross-resistance refers to the situation in which a decreased susceptibility
to more than one antiviral drug and is conferred by the same amino acid substitution
or a combination of amino acid substitutions. There are major clinical implications for
the choice of drug to adapt antiviral therapy in case of resistance.

Decompensated cirrhosis

Decompensated cirrhosis is the final stage of the hepatitis B cycle that
relates to liver damage. The liver at this stage will be covered with nodules and
shrunken in size.

HBeAg

The non-structural viral protein exported from infected cells in non-viral
proteins while hepatitis B is actively replicating.

HBeAg-positive chronic hepatitis B

HBeAg and HBV DNA are present in serum and anti- HBe is
undetectable.

HBeAg-negative chronic hepatitis B

Infection by an HBV variant that prevents or down-regulates secretion of
HBeAg in serum where it becomes undetectable, anti-HBe is detectable, and HBV
DNA is present in serum.

HBeA(g seroconversion

HBeAg seroconversion can be defined as HBeAg loss, undetectable level
of serum Hepatitis B viral DNA and appearance of antibodies against HBeAg.

High prevalence areas

High HBV endemic areas have prevalence of chronic infection greater
than 8%.
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Histological response

Histological response is defined based upon scoring system for the grade
and stage of chronic hepatitis and defined as a two point decrease in the histological
activity index (HAI) which ranges from 0 to 18 with no worsening of fibrosis between
pre-treatment and end-of-treatment liver biopsies. A more appropriate histological
endpoint would be resolution of the chronic hepatitis with minimal or mild HAI scores
(< 3 points).

Incremental cost-effectivenessratio (I CER)

The alternatives are compared on the basis of the increments in costs and
effectiveness, calculated by incremental cost divided by incremental effectiveness.

Inter mediate prevalence areas

Intermediate HBV endemic areas have prevalence of chronic infection 1-
8%.

L ow prevalence areas

Low HBV endemic areas have prevalence of chronic infection less than
1%.

Virological response

Virological response based upon testing for level of HBV DNA in serum
are the most appropriate criteria of assessing beneficial outcome of antiviral treatment
which defined as the lack of detectable HBV DNA in serum and loss of HBeAg or

seroconversion to anti-HBe.
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CHAPTER I
LITERATURE REVIEW

The literature review is divided into five parts as follows
1. Description of chronic hepatitis B (CHB)
2. Clinical effectiveness of CHB medications
3. Health economic evaluation methods in healthcare
4. Cost-effectiveness model in health economic evaluation
5

. Economic evaluation of CHB medications
Part | Description of chronic hepatitisB (CHB)

1.1 Pathophysiology of CHB
Hepatitis B is an infectious disease of the liver due to infection by hepatitis
B virus (HBV). HBV is the common virus known as deoxyribonucleic acid or DNA
virus which belongs to the Hepadnaviridae family. HBV may help forming antigens
which can stimulate the body's immune system to produce the antibodies which can
neutralize or even destroy the virus. In fact, the immune reaction but not the virus
seems to cause the liver inflammation. The outcome of HBV infection largely
depends on the host-virus interaction, mediated by the adaptive immune response. The
virus specific T cell response is one of the important factors in the pathogenesis of
HBYV infection (5). It is transmitted through blood to blood contact, sexual contact, or
mother with hepatitis B who may pass HBV on to her infant. The person groups who
have a higher risk of becoming infected with HBV are as follows (16).
1) People in an HBV infected person’s household
2) People who have sex with a person infected by HBV
especially homosexual and multiple sexual partners
3) Health care workers

4) Hemophiliac and hemodialysis patients
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5) Prisoners and prison workers
6) Persons who have ever injected drugs

7) Persons requiring immunosuppressive therapy

Current infection can be detected by the presence of hepatitis B surface
antigen (HBsAgQ) in the serum. Infection with HBV can result in an acute or chronic
disease. Infected individuals develop an acute infection, which may or may not result
in symptoms. The most common symptoms of acute hepatitis B are loss of appetite,
nausea, generally feeling poorly, and pain or tenderness in the right upper part of the
abdomen. Generally the symptoms of acute hepatitis B do not persist longer than two
or three months. In most individuals, infection will resolve and HBsAg disappears
from the serum. However, the viruses still persist in some patients who become
chronically infected with hepatitis B. The risk of becoming chronically infected varies
according to age. More than 95% of those infected during adulthood make a full
recovery and acquire immunity from future infection, while less than 5% of infected
adults and more than 90% of infected neonates will develop CHB, if infected with
HBV.

The diagnosis of CHB is based on the presence of HBsAg for 6 months or
more after acute infection. Individuals chronically infected with HBV are at increased
risk of developing cirrhosis leading to hepatic decompensation and hepatocellular
carcinoma (HCC) (8-9). Hepatitis B e antigen (HBeAg) is an indicator of viral
replication. Active infection can be described as HBeAg positive or negative. HBeAg
positive and HBeAg negative are different in terms of the response to treatment and
rates of progression. HBeAg negative, the mutant strains of HBV that do not produce
e antigen, is associated with a fluctuating course and a poor prognosis. It is required
to be established whether the individual is in the HBeAg positive or HBeAg negative
phase of the infection. The tests for markers of HBV replication which are HBeAg,
serum HBV DNA, anti-HBe and serum alanine aminotransferase (ALT) should be

considered for determining the treatment.
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1.2 Natural history of chronic hepatitis B

The natural history of CHB can be divided into five phases as follows (5,
12, 17-18).

(1)  Immune tolerant phase

Immune tolerant phase is characterized by HBeAg positivity,
anti-HBe negativity, high levels of serum HBV DNA (>10 IU/ml), normal levels of
ALT, mild or no liver necroinflammation and no or slow progression of fibrosis.
These patients are believed to have immune tolerance to HBV and very low
spontaneous rate of HBeAg loss. The CHB patients in this phase are safe and need no
treatment but their disease phase must be followed.

(2)  Immune reactive phase

Immune reactive phase is characterized by HBeAg positivity, a
lower level serum HBV DNA (>10* IU/ml), increased or fluctuating levels of ALT,
moderate or severe liver necroinflammation and more rapid progression of fibrosis
compared to the previous phase. It may last for several weeks to several years. In
addition, the rate of spontaneous HBeAg loss is increased. This phase may occur after
several years of immune tolerance. The immunity cannot control the infection of
CHB, therefore the patients in this phase should be treated.

(3) Inactive HBV carrier phase

Inactive HBV carrier phase may follow seroconversion from
HBeAg to anti-HBe antibodies. It is characterized by very low or undetectable serum
HBV DNA levels (<10° 1U/ml) and normal ALT. As a result of immunological control
of the infection, this state confers a favorable long-term outcome with a very low risk
of cirrhosis or HCC in the majority of patients. HBsAg loss and seroconversion to
anti-HBs antibodies may occur spontaneously in 1-3% of cases per year, usually after
several years with persistently undetectable HBV DNA.

(4) HBeAg negative CHB

These patients are HBeAg negative and harbor HBV variants
with nucleotide substitutions in the precore and/or the basal core promoter regions

where are unable to express HBeAg. HBeAg negative is associated with a fluctuating



Narisa Tantali Literature Review / 10

course and a poor prognosis. It is characterized by absence of HBeAg, presence of
anti-HBe, detectable serum HBV DNA, elevated ALT and chronic inflammation.

(5) HBsAg-negative phase

After HBsAg loss, HBV DNA is not detectable in the serum
while anti-HBe antibodies with or without anti-HBs are detectable. HBsAg loss is
associated with improvement of the outcome with reduced risk of cirrhosis,
decompensation and HCC. Immunosuppression may lead to reactivation in these

patients.

CHB usually causes microinflammatory changes that evoke a fibrotic
response in the liver. Many infected individuals will develop cirrhosis and are at risk
for the development of HCC (19). From the study on the risk of cirrhosis, HCC,
decompensation and liver-related mortality in patients with chronic HBV infection in
Asian countries, it was found that the corresponding 5-year cumulative incidences of
cirrhosis were 8% and 13% for HBeAg positive CHB and HBeAg negative CHB
patients, respectively. The 5-year cumulative incidence of hepatic decompensation in
patients with early stage of cirrhosis was 15%. The corresponding 5-year HCC
cumulative incidences were 1%, 3%, and 17% for inactive carriers, CHB without
cirrhosis and with compensated cirrhosis, respectively. Based on liver related
mortality rates according to clinical status and geographic area, 5-year liver related
death rate among inactive carriers was 14%. Moreover, when hepatic decompensation
occurs, mortality rate increases remarkably ranging from 70 to 85% at 5-year follow
up (18).

1.3 Epidemiology of CHB

Hepatitis B is one of the world’s most common and serious infectious
diseases. HBV is a widespread virus with a global distribution. An estimated 350 million
people or more than one third of the world’s population have been infected with the
HBV (1). About 5% of the populations are chronic carriers of HBV, and nearly 25% of
all carriers develop serious liver diseases such as chronic hepatitis, cirrhosis, and

hepatocellular carcinoma. HBV infection causes more than one million deaths every year

Q).
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A study of the distribution of the various forms of chronic hepatitis B in
different parts of world is presented in Figure 2.1 (20) and Table 2.1 (21). The study
indicated that in many Southeast Asian countries such as Thailand, Malaysia,
Indonesia, Vietnam, Laos and Myanmar, a high frequency of HBsAg population has
been found (20). The HBsAg carrier rate varies from 0.1 to 20% in different populations
around the world. The incidence of HBSAQ carrier state in populations is related most

importantly to the incidence and age of primary infection (22).

HBsAg Prevalence

M 8% - High
2-7% - Intermediate
<2% - Low

Figure 2.1 HBsAQ prevalencein different regions of theworld
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Table2.1: Prevalence of hepatitisB in various areas

% of CHB population

Area

HBsAg Anti-HBs Neonatal Childhood

L ow prevalence areas:
Northern, Western, and Central

] 0.2-0.5 4-6 Rare Infrequent
Europe, North America,

Australia

Inter mediate prevalence

areas.

Eastern Europe, The

Mediterranean, Russia and the 2-7 20-55 Frequent  Frequent
Russian Federation,

Southwest Asia, Central and

South America

High prevalence areas.
Parts of China, Southeast Asia, 8-20 70-95

Tropical Africa

Very Very

frequent frequent

In low prevalence areas of the world, the highest incidence of the disease
has been seen in teenagers and young adults. Despite the low incidence of disease has
been occurred in the general population, the people who contact with blood to blood
or sexual contact have a high rate of HBV infection. In high prevalence areas, different
epidemiological patterns have been found. In these regions, most infections occur in
infants and children as a result of maternal-neonatal transmission or close childhood
contact, although percutaneous exposure with contaminated needles or following
unsafe injections is always possible in these countries (23). The chronic liver disease and
HCC associated with HBV infections are one of the most important public health
problems in high-prevalence regions. In Thailand, the prevalence of hepatitis B virus in
the general population is higher than 8%. The prevalence rate of HBsSAg positive is 8-

10% for males and 6-8% for females. However, the Ministry of Public Health has
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implemented the nationwide hepatitis B vaccination program for all newborns and
provided hepatitis B immune globulin (HBIG) for babies who born to carrier mothers
since 1992 (6). As a result, the prevalence of HBV in Thailand was decreased to 4% (7).
About 31% of patients with HBsAg positive CHB are HBeAg positive CHB (10-11).

1.4 Thetreatment of HBeAg positive chronic hepatitis B

1.4.1 Pretherapeutic assessment of liver disease

The assessment of relationship between HBV infection and
liver disease and their severity should be performed. The clinical practice guidelines
for diagnosis and management of HBeAg positive CHB of Thailand Consensus
Recommendations for Management of Chronic Hepatitis B 2009 by Liver Society
Thailand defined the patients who needed the treatment as follows (24-25).

1)  Patients who have detectable serum HBsAg for at least 6
months

2)  Patients who have evidence of active HBV viral
replication which is detectable level of serum hepatitis B viral DNA more than or
equal 20,000 1U/ml

3) Patients who have serum ALT level at 1.5-10 times the
upper limit of the normal range for at least 3 months (except in patients with cirrhosis
or impending decompensation should be treated if they have normal ALT)

4)  Patients who have evidence of CHB on liver biopsy

5) Patients who receive the test for HCV Ab and HIV Ab
before the treatment

6)  Patients who has no underlying disease causing hepatitis

Patients with viral replication but persistently normal or
minimally elevated ALT levels or inactive CHB infection should not be treated. They
need an adequate follow-up and HCC surveillance every 3-6 months.

1.4.2 Goal of CHB therapy

The aims of treatment of CHB are to reduce HBV DNA level as

low as possible for eliminating infectivity to prevent transmission and spread of HBV
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and to increase the possibility of HBeAg loss leading to histologic improvement.
Therefore, the goal of treatment is to stop or slow the progression of liver disease to
prevent compensated cirrhosis, decompensated cirrhosis and HCC.

1.4.3 Endpoint of CHB therapy

The course of CHB s typically silent and associated with few
signs or symptoms of disease for many years. The development of clinical outcomes
does not usually occur for years to decades after diagnosis. Thus, clinical efficacy of
CHB treatment can be assessed by using short-term intermediate histologic
improvement, biochemical responses and virologic responses. The endpoint of
treatments for HBeAg positive CHB using markers of HBV replication in serum and
liver are HBeAg seroconverion (i.e., HBeAg loss and gain of anti-HBe), the sustained
inhibition of viral replication (i.e., low level of HBV DNA) and normalization of serum
ALT level (26).

1.4.4 Drug treatments for CHB

Currently, six medications licensed by the Thai FDA and
available for the treatment of CHB are 1) conventional interferon alpha 5-10 MU three
times/week, 2) pegylated interferon alpha 2a or 2b 180 mcg weekly, 3) lamivudine
100-150 mg daily, 4) adefovir dipivoxil 10 mg daily, 5) entecavir 0.5 mg daily, and 6)
telbivudine 600 mg daily. In addition, tenofovir has been approved by Thai FDA for
the treatment of HIV, but not for CHB treatment yet. However, tenofovir 300 mg daily
has been currently prescribed to CHB patients in clinical practice, since tenofovir has
demonstrated high antiviral efficacy and low drug resistance rate for the treatment of
CHB (13-14). These medications can be classified in to two major classes which are
immune modulators as well as nucleoside and nucleotide analogues (27-28).

1. Immune modulators

Immune modulators (e.g., conventional interferon alpha and
pegylated interferon alpha (PEG) 2a or 2b) are the drugs which help improving human
immune system to against the virus entry into hepatocytes and activate viral ribonuclease
in order to inhibit HBV replication. The advantages are finite treatment course and no drug
resistance but the disadvantages are frequent subcutaneous injection, frequent adverse
events, contraindicated in advanced cirrhosis and high costs.

2. Nucleoside and nucleotide analogues
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Nucleoside and nucleotide analogues (e.g., lamivudine, adefovir,
entecavir, telbivudine and tenofovir) are the drugs which directly inhibit reverse
transcriptase and thereby impair viral replication. Each treatment may be used as the
first line monotherapy. However, there are differences in term of the potency,
resistance rate and price among these nucleoside and nucleotide analogues. It has been
reported that adefovir is less efficacious and engenders higher rates of resistance (12,
28-29). Lamivudine is an inexpensive drug but frequently has drug resistance (12, 28-
29). Telbivudine is a potent inhibitor of HBV but produces a low genetic barrier to
resistance (12, 28-29). Entecavir is a potent antiviral agent showing potent viral
suppression and has high barrier to resistance but expensive (12, 28-29). Tenofovir has
demonstrated high antiviral efficacy in the treatment of CHB and has the low rate of
resistance (13-14). Therefore, the ideal drug would be the nucleoside or nucleotide with
potent viral suppression and high genetic barrier to resistance in order to achieve sustained
viral suppression.

1.4.5 Management of antiviral drug resistance

Antiviral drug resistance reflects the reduced susceptibility of a
virus to the inhibitory effect of a drug and results from a process of adaptive mutation
in the HBV polymerase gene. Resistance is defined as the selection of variants bearing
amino acid substitutions conferring reduced susceptibility to drugs that result in
treatment failure. The pattern of development of HBV resistant mutants is varied by
chemical class of nucleoside analogues which can be categorized as 1) L-nucleosides
such as lamivudine and telbivudine, 2) acyclic phosphonates such as adefovir and
tenofovir and 3) cyclopentenes such as entecavir (30). In case of resistance, an
appropriate rescue therapy which is adding-on the second drug without cross
resistance is the most efficient strategy (12). Thus, the management of antiviral drug
resistance is as follows.

1) Lamivudine resistance

Tenofovir should be added or if tenofovir is not yet available,
adefovir should be added.

2)  Adefovir resistance

It is recommended to switch to tenofovir if available and add

the second drug without cross resistance or add lamivudine, entecavir or telbivudine.
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3)  Telbivudine resistance

Tenofovir should be added or if tenofovir is not yet available,
adefovir should be added.

4)  Entecavir resistance

Tenofovir should be added.

Recent studies have shown that detectable HBV DNA at the
6" month of therapy was associated with a much higher resistance rate. Thus, if HBV
DNA level is more than 60 1U/ml at the 6™ month of therapy, non cross-resistance
drugs should be added (31-35). Moreover, European Association for the Study of the
Liver (EASL) guideline recommended that for the management of lamivudine or
telbivudine resistance with a partial virologic response at week 24, the treatment
should be changed to a more potent drug (i.e., entecavir or tenofovir) or added a more
potent drug without cross resistance. Furthermore, for entecavir, tenofovir or adefovir
resistance with a partial virologic response at week 48, the second drug based on the
guidelines should be added.

1.4.6 Treatment monitoring and discontinuation

During the treatment, ALT level should be monitored at least
every 3 months and HBeAg and HBV DNA level should be monitored at least every 6
months. Patients receiving interferon or PEG therapy should be monitored every 2
weeks during the first and second months and then adverse effects should be
monitored and test of complete blood count (CBC) and test of thyroid function should
be performed every 4-6 weeks. For patients receiving adefovir therapy, renal function
should also be monitored. After the end of therapy and HBeAg seroconversion
occurred, ALT level, HBeAg and HBV DNA level should be monitored the same as
during therapy for relapse detection. Furthermore, loss of HBsAg and seroconversion
to anti-HBs is clearly the most desired endpoint and can be considered as a complete
response. The patients with HBeAg positive can discontinue the treatment when
seroconversion occurred at least 6 months of additional treatment after HBeAg

seroconversion.
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Part |1 Clinical effectiveness of CHB medications

Clinical efficacy of CHB treatment can be assessed by histologic
improvement, biochemical responses and virologic responses. HBeAg seroconversion
is one of the virological responses which can be defined as 1) HBeAg loss, 2)
undetectable level of serum Hepatitis B viral DNA and 3) appearance of antibodies
against HBeAg. Therefore, HBeAg seroconversion is an indicator for discontinuing
CHB treatment. To assess clinical efficacy in terms of HBeAg seroconversion among
treatment options for HBeAg positive CHB, the literatures on clinical effectiveness of
available treatments which are specifically recommended for HBeAg positive CHB
patients were reviewed. A systematic review of randomized controlled trials of
treatments for patients with HBe Ag-positive CHB was performed through the Pubmed
and Cochrane databases using the key words as follows.

(efficac* OR effectiv* OR “relative risk” OR
“meta analysis” OR “RR”)
AND
(“RCT” OR randomi* OR *“clinical trial*”)

AND

(entecavir OR peginterferon* OR pegintron* OR “PEG” OR

pegylated OR lamivudine OR telbivudine OR adefovir OR tenofovir)
AND
("hepatitis B" OR “chronic hepatitis B” OR “HBV”)

AND

(“HBeAg” OR “HBsAg” OR seroconvers* OR seroclearanc®)

Inclusion criteria

1. The RCT or meta-analysis studies comparing interventions which are
1) lamivudine 2) adefovir 3) entecavir 4) telbivudine 5) tenofovir 6) PEG and 7)
palliative care or no treatment
2. The studies on the patients aged at least 18 years with HBeAg positive
CHB who required the treatment based on the following criteria.
e Patients who had detectable serum HBsAg for at least 6 months
e Patients who had serum ALT level 1.5 -10 times the upper limit of

the normal range for at least 3 months



Narisa Tantali Literature Review / 18

e Patients who had evidence of chronic hepatitis on liver biopsy
e Patients who had detectable level of serum Hepatitis B viral DNA
3. The studies measuring outcome as HBe Ag seroconversion rate
4. The studies with treatment duration for one year
5. Publication date during 1995-2010
6. Only English language studies

Exclusion criteria

1. The studies without recommended dose for CHB
2. The studies of patients with advanced liver diseases such as

decompensated cirrhosis and HCC.

Bayesian approach and WinBUGS14 (Medical Research Council and
Imperial College of Science, Technology and Medicine, United Kingdom) software
program were used to perform meta-analysis. Mixed treatment or indirect comparison
meta-analysis was applied. Odds ratio and its 95% credible interval were used as the
summary efficacy of the medication. Heterogeneity test was applied for testing the
variation of study outcomes between studies.

Based on systematic reviews, 294 abstracts were reviewed and 14 relevant
RCTs were included in the analysis (36-49). None of 14 RCTs included all seven
treatment options. Fourteen articles were evaluated by Jadad score’s criteria. Thirteen
articles had Jadad score equal or greater than 3 (36-38, 40-49). There were two
studies comparing lamivudine with placebo (40-41), five studies comparing
lamivudine with entecavir (38-39, 42-44), two studies comparing lamivudine with
telbivudine (45, 47) and one study comparing lamivudine with PEG 2a (37). There
were four studies comparing adefovir with placebo (1 study) (36), entecavir (1 study)
(48), telbivudine (1 study) (46) or tenofovir (1 study) (49). Table 2.2 and Figure 2.2
present the odds ratio of HBeAg seroconversion rate and its 95% credible interval (Cl)
of all treatments compared with palliative care. There are statistical significance
differences in odds ratio of HBeAg seroconversion rate between each treatment and

palliative care.
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Table 2.2: Odds ratio of HBeAg seroconversion rate of all treatments compared

with palliative care

Treatment Odds ratio (95% CI)
PEG 2a 5.36 (2.17-10.46)
Telbivudine 4.29 (2.05-7.68)
Tenofovir 417 (1.41-9.23)
Entecavir 3.85 (1.90-6.72)
Lamivudine 3.52 (1.81-6.09)
Adefovir 3.03 (1.57-5.31)

Figure 2.2: Box plot for the odds ratio of HBeAg seroconversion rate of all

treatments compared with palliative care

OR 1.Palliative care
15.0 = 2.Lamivudine
3.Adefovir 6]
4. Telbivudine
5.Entecavir
6.PEG 2a
10.0 — 7.Tenofovir

1,4

[1.2]

5.0 —

0.0 —

Patients with HBeAg positive CHB receiving lamivudine, adefovir,
entecavir, telbivudine, tenofovir or PEG 2a are about three to five times more likely to
have HBeAg seroconversion rate compared to those without treatment. However, the
RCT studies of PEG 2b were not included because their dose and treatment duration
were different from the studies of other treatments. Although patients with HBeAg
seroconversion can stop the treatment, their CHB disease progression may have been

the same as those without HBeAg seroconversion and still receiving the treatment.
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Not only HBeAg seroconverion but also histologic improvement as well as virologic
and biochemical responses should be considered when assessing clinical efficacy.
Until now, there has been no study related to quality of life CHB patients
who receive antiviral treatment yet. Nevertheless, based on the quality of life studies
in Chinese chronic hepatitis C (CHC) outpatients receiving antiviral (i.e., interferon
alpha plus ribavirin), it was indicated that CHC patients had lower health-related
quality of life (HRQOL) than those without CHC (50). Moreover, antiviral treatment
reduced HRQOL of CHC patients at the early phase of treatment, mainly in non-
sustained virological responders. The HRQOL may return to pretreatment values at
the end of treatment and significantly improve at the 6" month after stopping the

treatment in sustained virological responders (50).

Part |11 Health economic evaluation methods in healthcare

Economic evaluation is defined as a comparative analysis of alternatives
in terms of both their costs and outcomes. The cost component is always measured in
monetary unit, while the outcome component can be measured in various ways. Based
on different outcome measurements, the full economic evaluation is divided into four
types of analysis. There are cost-benefit analysis (CBA), cost-minimization analysis
(CMA), cost-utility Analysis (CUA), and cost-effectiveness analysis (CEA) (51)

1. Cost-Benefit Analysis (CBA) compares costs and consequences of two
or more alternatives that have different outcomes. Costs and outcomes are measured in
monetary unit. The benefit from a program and all the costs of providing a program
are identified and converted into equivalent dollars in the year in which they occur.
The objective of cost-benefit analysis is to find the alternative with the most favorable
cost- to-benefit ratio. The limitation of cost-benefit analysis is valuation of outcome in
monetary units. Many outcomes such as years of life saved or quality of life, are
difficult to value in monetary terms.

2. Cost-Minimization Analysis (CMA) compares costs of two or more
alternatives that have equivalent outcomes. The outcomes of the alternatives are

assumed to be equal, only costs of each alternative have been estimated. Cost-
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minimization analysis shows only cost savings of one program or treatment over
another.

3. Cost-Utility Analysis (CUA) is similar to cost-effectiveness analysis,
except the outcomes are measured in terms of patient preference of quality of health
care outcome. Cost-utility analysis is most useful in evaluating health programs that
extend life but with serious side effects such as cancer chemotherapy or arthritis are
not recommended.

4. Cost-Effectiveness Analysis (CEA) is the tool that is used to address
the limitations of cost-benefit analysis by using physical or natural units as outcome
measures. Cost-effectiveness analysis compares costs and consequences of
alternatives that achieve the objective at the least cost. When treatment alternatives are
not therapeutically equivalent, or when it is inappropriate to express benefits
(outcome) in monetary units, cost-effectiveness analysis may provide a more
appropriate evaluation technique. Cost-effectiveness analysis is one of the tools that is
used to evaluate treatment alternatives. For drug therapy, these alternatives may be
different drugs or comparison between drug treatment and non drug treatment. Cost-
effectiveness analysis involves assessing the cost and consequences of pharmaceutical
products and services, with non-equivalent therapeutic outcome. After the costs and
effectiveness of the alternatives are obtained, two approaches have been used to
compare them in CEA:

1)  Cost-effectiveness ratio approach: the alternatives are
compared on the basis of the average cost per unit of effectiveness (sometimes,
average effectiveness per unit cost). Generally, the most cost-effective alternative has
the lowest average cost per unit of effectiveness.

2) Incremental cost-effectiveness ratio (ICER) approach:
the alternatives are compared on the basis of the increments in costs and effectiveness.

Normally, lower ICER is preferable because it implies less incremental
cost for a unit of effectiveness. The ICER indicates the additional costs that an
alternative has over another as compared to the additional effectiveness.

Incremental cost effectiveness ratio (ICER) is calculated by incremental

cost divided by incremental effectiveness
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ICER = (C,-C\)/(E|-En)
Where,
C, = Intervention cost or current practice cost
Cn = Null cost
E, = Intervention effectiveness or current effectiveness

En = Null effectiveness

Part IV Cost-effectiveness model in health economic evaluation

Cost-effectiveness model approach is widely used in health-care economic
evaluations. It is a systematic way to help making a decision making under conditions
of uncertainty. In the context of economic evaluation, the modeling technique uses
mathematical relationships to define a series of possible consequences that would flow
from a set of alternative options being evaluated. A key purpose of the modelling is to
allow for the variability and uncertainty associated with all decisions (52). Two types
of cost-effectiveness models commonly used in economic evaluation are decision tree
and Markov models.

Decision tree model

The decision tree is probably the simplest form of decision model. The key
features of a decision tree approach are as follows (52).

1. A square decision node, typically at the start of a tree,
indicates a decision point between alternative options.

2. A circular chance node shows a point where two or
more alternative events for a patient are possible. These are shown as branches
coming out of the node. For an individual patient, which event they experience is
uncertain.

3. Pathways are mutually exclusive sequences of events
and are the routes through the tree.

4. Probabilities show the likelihood of a particular event
occurring at a chance node (or the proportion of cohort of apparently homogeneous

patients expected to experience the event). Moving left to right, the first probabilities
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in the tree show the probability of event. Subsequent probabilities are conditional
which means that the probability of an event given that an earlier event has or has not
occurred. Multiplying probabilities along pathways estimates the pathway probability
which is a joint probability. Expected costs and outcomes are based on the summation
of the pathway values weighted by the pathway probabilities.

There are five steps in decision tree model which are (53)

Step | Identifying the objectives and developing the model structure

After the research question is developed, the research objectives are
specifically defined at the beginning of modelling. The research question should
clearly state the competing interventions, target population and outcome measures.
The perspective of the study and the length of follow-up should also be specifically
defined. The structure of the model is developed on the basis of an understanding of
the nature of disease progression, required exactness of results and the user’s
perspective. However, with restricted availability of data, compromises need to be
made when developing the model structure. As the model is a process of simulating
disease progression, it is extremely important that the model structure be validated to
meet the quality criteria

Step 11 Assigning probabilities

The probabilities are assigned to the model after the model is validated.
Sources of probabilities include medical literature (i.e., meta-analyses, clinical trials,
or observational studies) and expert opinions. Some techniques have been used to
obtain probabilities in mathematical models, including survival models and
multivariate logistic regression analysis.

Step 111 Assigning utilities and costs

The final step of developing the model is to assign a value to the relevant
health states. The assignment of health utilities and costs is performed separately. The
health utility, ranging from 0 to 1, is multiplied with the natural unit of measure (e.g.,
life-years gained) to produce the quality-adjusted life year resulting from the
investigated health-care intervention. Costs must also be assigned to each state of the
model. Costs of different states usually vary, depending on the resource use and unit

prices.
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Step 1V Calculating health outcomes and costs and incremental analysis

Both expected health outcomes and costs are calculated separately by a
process referred to as ‘folding back. Such folding back may be processed in a simple
decision tree. The expected health outcomes of the chance node are the sum of the
products of health utilities in each branch multiplied by the probabilities of that
branch. The expected outcomes of the decision node are equal to the node with the
highest branch. Incremental analyses need to be performed for health outcomes and
costs, and incremental cost-effectiveness ratios (ICERS) should be calculated.

Step V Sensitivity analysis

The expected results from the model, referred to as base-case results, are
usually obtained from average estimates of inputs (including probabilities, utilities,
and costs). Sensitivity analysis is conducted to examine the robustness of results. If the
result is sensitive to a variable, the magnitude of its effect on the results is
investigated, and if necessary, revisions are made to estimates of the appropriateness
of the model structure. In deterministic analysis, simple sensitivity analysis, extreme
analysis and threshold analysis point estimates or range estimates are applied to assess
the effect of variables on results. Probabilistic analysis (Monte Carlo simulation)
incorporates the probability distribution of key variables to produce the distribution of
expected results.

Mar kov model

The Markov model is a commonly used approach in decision analysis to
handle the added complexity of modelling options with a multiplicity of possible
consequences. The added flexibility of the Markov model relates to the fact that it is
structured around mutually exclusive disease states, representing the possible
consequences over time being modeled as a large number of possible pathways as in a
decision tree, a more complex prognosis is reflected as a set of possible transitions
between the disease state over a series of discrete time periods, called cycle. The
length of these cycles depends on the disease and interventions being evaluated. Each
state in the model has a cost and outcome such as a utility value associated with it.
Costs and effects are typically incorporated into these models as a mean value per
state per cycle, and expected values are calculated by adding the costs and outcomes

across the state and weighting according to the time the patient is expected to be in
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each state. The speed which patients move between the states in the model is
determined by a set of transition probabilities.

Part V Economic evaluation of CHB medications

The cost of treatment CHB and complication (compensated cirrhosis,
decompensated cirrhosis and HCC) are very expensive (4), therefore economic
evaluation studies are needed. To review economic evaluation studies on drug
treatment options for patients with CHB, the studies comparing interventions currently
available for the treatment of CHB patients (i.e., lamivudine, adefovir, entecavir,
telbivudine, tenofovir, interferon, pegylated interferon) with palliative care or no
treatment were included. A systematic review was conducted to identify full health
economic evaluation studies (i.e., cost-effectiveness, cost-utility, cost-benefit
analyses) comparing treatment options in patients with CHB and published between
2000 and January 2010. These studies were searched through the Pubmed and

Cochrane databases using the key words as follows.

(cost effective* OR cost utilit* OR cost benefit OR
cost evaluation* OR economic evaluation*)
AND
(hepatitis B OR liver inflam*)

AND

(lamivudine OR zeffix OR epivir OR adefovir* OR viread OR entecavir* OR

baraclude OR tenofovir* OR viread OR telbivudine OR sebivo OR interferon*

OR intron* OR peginterferon* OR pegintron* OR pegasys OR PEG OR thymosin
OR zadaxin)
NOT vaccin*NOT transplant* NOT malignan*

Exclusion criteria were the studies related to only cost or outcome analysis,
vaccination, mutation analysis of drug resistance, or target populations (i.e., patients
with HCC, cirrhosis, malignant, hepatitis C, or transplantation). The outcomes of this
review focused on both the choices of method used and results of economic
evaluation. The inclusion and exclusion criteria used for study selection are shown in
Table 2.3.
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Table 2.3 Inclusion and exclusion criteria of Economic evaluation of CHB

medications
Inclusion criteria Exclusion criteria
Studies comparing both cost and Studies related to only cost or outcome

outcome of the treatment for patients | analysis

with CHB Studies related to vaccination
Publication date during 2000-2010 Studies related to mutation analysis of
drug resistance

Studies with target populations  (i.e.,
patients with HCC, cirrhosis, malignant,

hepatitis C, or transplantation).

For the data collection process, a data extraction sheet was developed
based on the Centre for Reviews and Dissemination’s data extraction template. The
data extraction sheet for each study is available from the author on request. A
summary of the considered data items can be found. The details extracted from each
included study were as follows: (1) author, year, country, (2) disease and patient
group, (3) objective, (4) intervention, (5) perspective, (6) source of data, (7) outcome,
(8) method, (9) discounting rate, (10) sensitivity analysis, and (11) incremental cost-
effectiveness result.

The methodological quality assessment of included economic evaluation
studies and systematic review studies was assessed using Drummond’s criteria (Table
2.4) (54) Study quality was assessed and data were extracted by one reviewer. Items

were scored as positive, negative, or unclear.
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Table 2.4 Drummond’scriteria for evaluating economic evaluation studies

Criteria

Was a well-defined question posed in an answerable form?

Was a comprehensive description of the competing alternatives given

Was there evidence that the programme’s effectiveness had been established?

Were all the important and relevant outcomes and costs for each alternative
identified?

Were outcomes and costs measured accurately in appropriate units

Were the outcomes and costs valued credibly?

Were outcomes and costs adjusted for different times at which they occurred

Was an incremental analysis of the outcomes and costs of alternatives performed?
Was a sensitivity analysis performed?

Did the presentation and discussion of the results include all, or enough, of the
issues that are of concern to purchasers?

Were the conclusions of the evaluation justified by the evidence presented?

Can the results be applied to the local population?

*Note: All items have three possible responses which are yes (+), no (-), and cannot
tell (N/A).

The primary literature search by electronic databases identified 72
citations. After screening of all titles and abstracts, only 32 articles were identified.
Of all 32 full articles, 26 articles comparing both costs and outcomes of two or more
drug treatments for patients with CHB were included (55-80). The result of systematic

literature search is shown in Figure 2.3.
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Total citations identified Excluded studies (n=46)
(n=72) e Review article or expert

opinion

e Only cost studies
e Only outcome studies
o Studies related to vaccination

e Studies related to mutation

A 4

analysis of drug resistance

e Studies with target populations

v (i.e., patients with
Studies met the inclusion hepatocellular carcinoma,
criteria . . . o
(n=32) cirrhosis, malignant, hepatitis
C, or transplantation).

Excluded studies (n=6)
e Review article

A\ 4

e Korean language

e Duplicated publication

A 4

Studies included in the
review (n=26)

Figure 2.3 Result of systematic literature search
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Most studies clearly described the objectives, competing alternatives and
specified the cost and outcome measures. It could be seen that about 69% (18 out of
26) of all studies passed 9 out of 12 Drummond’s criteria (See appendix A) (55-56,
58-73, 75, 79).

The results showed that seventy-two abstracts were reviewed and only 26
articles were included as shown in appendix B. Fifteen studies were conducted in
Europe and America (56-60, 64-66, 69, 71-72, 75-78), whereas eleven studies were
performed in Asia (55, 61-63, 67-68, 70, 73-74, 79-80). It was found that disease and
patient groups in all studies were classified into four groups which are patients with
HBeAg positive (6 articles) (60-61, 66, 69-70, 79), HBeAg negative (3 articles) (63-
64, 71), both HBeAg positive and negative (7 articles) (55, 57-59, 62, 65, 67) and
patients with unidentified HBeAg status (10 article) (56, 68, 72-78, 80). Regarding the
perspective, most studies were analyzed based on the perspectives of health care
system (13 articles) (57-59, 62, 65, 68-71, 73-74, 78, 80) or third party payer (10
articles) (55, 60-61, 63-64, 66, 72, 75, 77, 79), but only two studies performed based
on patient’s perspective (56, 67).

Direct medical costs such as cost of drugs, lab, admission, diagnosis and
professional fees were included in all studies. Since there were two studies performing
based on patient’s perspective, they collected both direct and indirect cost (i.e.,
productivity loss) (56, 67). The outcomes were measured in terms of life years saved
(LYs) and/or quality-adjusted life year gained (QALYS). Incremental cost
effectiveness (ICER) was used to interpret the results of cost-effectiveness analysis. In
term of time horizon, lifetime, ten years or one year were used in the models. Data
were generally obtained from systematic review, published literature and clinical
trials. Markov model (11 articles) was more frequently used (55-57, 60, 62-64, 66-67,
69-70) compared to decision tree model (5 articles) (58, 65, 71, 77, 79). Both Markov
and decision tree models used in three articles (76, 78, 80) but the models were not
presented in seven articles (59, 61, 68, 72-75). Discounting rate of 3% (8 articles) (58,
60-63, 71, 73, 79) and 5% (1 article) (67) were used for both cost and outcome. Only
one article used 6% for discounting cost and 1.5% for outcome (56) but others articles
did not present discounting rate. Probabilistic (7 articles) (56, 60-61, 64, 66, 73, 79)

and one-way (4 articles) (58-59, 67, 75) sensitivity analyses were mainly applied to
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test parameter uncertainties. Two articles were tested both one-way and probabilistic
sensitivity analyses (63, 69).

All of ten studies (i.e., seven studies in America (57-60, 64, 66, 79), two
studies in Asia (61, 80) and one study in Australia (65)) showed that entecavir was
more cost-effective when compared with lamivudine. Two studies which are in
America and Europe showed that adefovir was more cost-effective when compared
with lamivudine (56, 71). One study showed that telbivudine was more cost-effective
when compared with lamivudine (55). One study showed that tenofovir was more
cost-effective when compared with entecavir, telvibudine, adefovir (57). Two studies
showed that interferon was not cost-effective when compared with lamivudine (74,
77). One study showed that interferon was more cost-effective when compared with
lamivudine and adefovir (72). Three studies (i.e., two studies in Asia, one study in
Europe) showed that pegylated interferon was more cost-effective when compared
with lamivudine (63, 68-69). One study showed that pegylated interferon was more
cost-effective when compared with interferon (56). For combination treatment, two
studies showed that lamivudine increased life expectancy and reduced the lifetime risk
of cirrhosis and carcinoma when added with interferon (63, 76). Moreover, three
studies showed that medications treatment of CHB with antiviral therapy for a long
term treatment decreased the rate of disease progression and were highly cost-
effective compared with a short-term treatment (62, 67, 70).

Based on the systematic review, it was found that studies’ results were
relatively varied due to the differences in time horizon and variables used in the
models such as drug resistance rate, efficacy on viral suppression, resistance rate and
price of the medications for CHB. In addition, most studies were supported by
pharmaceutical industries. For example, five articles were supported by Bristol Myers
Squibb and the result showed that entecavir was superior compared to other drugs (58,
61, 65, 79-80). One article was supported by Glaxo Wellcome and the result showed
that lamivudine was more cost-effective than interferon and this study used only one
year of time horizon which might cause a difference in efficacy for treatment CHB if
the study used a longer time horizon (76). In addition, most studies did not consider
drugs’ side effects such as suppression of granulocytes, platelets, and lymphocytes

which could lead to higher costs and worse outcomes.
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Recently, lamivudine has been included in the National List of Essential
Drugs (NLED) but not other medications for patients with CHB. The results in this
study suggested that there has been no study related to cost-effectiveness analysis of
the treatment in patients with CHB in Thailand yet. The cost-utility analysis of drug
treatments among patients with CHB in Thailand would be required to investigate for
future research as it would be useful information for making decision on whether
which drug should be included in the NLED.
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The methodology of this study was consisted of 11 parts as follows.
1.
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1. Study design

Methodology / 32

This study performed the cost-utility analysis based on economic model to

compare drug treatments in patients with HBeAg positive CHB. A Markov model was

used to estimate the relevant costs and health outcomes during lifetime horizon with

one year cycle length. The study also estimated the governmental budget impact of the

most cost-effective treatment when included in the benefit package of UC scheme
during fiscal year 2010 to 2019.

2. Perspective

Cost-utility analysis was performed based on the societal perspective.

Budget impact analysis was conducted based on the governmental perspective.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 33

3. Study population

Study population was HBeAg positive CHB patients aged at least 30 years
who required the treatment based on the following criteria.

- Patients who had detectable serum HBsAg for at least 6 months

- Patients who had serum ALT level one point 1.5 -10 times the upper
limit of the normal range for at least 3 months

- Patients who had detectable level of serum hepatitis B viral DNA more
than or equal 20,000 1U/ml

- And/or patients who had evidence of CHB on liver biopsy

4. Intervention

This study compared all available CHB medications for the treatment of
HBeAg positive CHB in Thailand including both oral (i.e., original lamivudine,
generic lamivudine, adefovir, entecavir, telbivudine and tenofovir) and intravenous
dosage forms (i.e., pegylated interferon, PEG) with palliative care. In addition, based
on the current clinical practice guidelines, the set of interventions was studied into two
scenarios depended upon when the second drug was added for the management of
CHB drug resistance as follows.

1) Adding the second drug when drug resistance occurred (22
interventions)

2) Adding a more potent drug without cross-resistance when the HBV
DNA level more than 60 1U/ml at a partial response at week 24 based on the road map
guideline which is recommended to apply for only low genetic barrier drugs (i.e.,

lamivudine and telbivudine) (6 interventions)

Scenario 1: Adding another drug when drug resistance occurs
1) Generic lamivudine (adding adefovir)

2) Generic lamivudine (adding tenofovir)

3) Original lamivudine (adding adefovir)

4) Original lamivudine (adding tenofovir)

5) Adefovir (adding generic lamivudine)
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6) Adefovir (adding original lamivudine)

7) Telbivudine (adding adefovir)

8) Telbivudine (adding tenofovir)

9) Entecavir (adding adefovir)

10) Entecavir (adding tenofovir)

11) Tenofovir

12) PEG at the first year and generic lamivudine at the third year if
treatment failed (adding adefovir)

13) PEG at the first year and generic lamivudine at the third year if
treatment failed (adding tenofovir)

14) PEG at the first year and original lamivudine at the third year if
treatment failed (adding adefovir)

15) PEG at the first year and original lamivudine at the third year if
treatment failed (adding tenofovir)

16) PEG at the first year and adefovir at the third year if treatment failed
(adding generic lamivudine)

17) PEG at the first year and adefovir at the third year if treatment failed
(adding original lamivudine)

18) PEG at the first year and telbivudine at the third year if treatment
failed (adding adefovir)

19) PEG at the first year and telbivudine at the third year if treatment
failed (adding tenofovir)

20) PEG at the first year and entecavir at the third year if treatment failed
(adding adefovir)

21) PEG at the first year and entecavir at the third year if treatment failed
(adding tenofovir)

22) PEG at the first year and tenofovir at the third year if treatment failed

Scenario 2: Adding a more potent drug without cross-resistance when
the HBV DNA level more than 60 1U/ml
23) Generic lamivudine (adding adefovir)

24) Generic lamivudine (adding tenofovir)
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25) Original lamivudine (adding adefovir)
26) Original lamivudine (adding tenofovir)
27) Telbivudine (adding adefovir)
28) Telbivudine (adding tenofovir)

Thus, there were a total of 29 interventions (i.e., 22 interventions of
Scenario 1 and 6 interventions of Scenario 2 compared with palliative care)

5. Economic evaluation

5.1 Model structure

Figure 4 illustrates a structure of Markov model that was used to estimate
the relevant costs and health outcomes during lifetime horizon with one year cycle
length. The study compared 28 mutually exclusive treatment options as stated above
with palliative care.

Figure 3.1 shows the schematic diagram of the Markov model. The health
states of patients receiving PEG or palliative care were consisted of six states as
follows: 1) CHB with HBeAg positive 2) stable state 3) compensated cirrhosis 4)
decompensated cirrhosis 5) hepatocellular carcinoma (HCC) and 6) death. However,
for patients receiving antiviral treatments which were 1) original lamivudine 2)
generic lamivudine 3) telbivudine 4) adefovir 5) entecavir and 6) tenofovir, in
addition to six health states above, CHB with HBeAg positive with drug resistance
state was added. The arrows represent the possible transitions from one state to
another. All transitional probabilities were obtained from systematic reviews and
meta-analysis.

Based on Figure 3.1, all patients who required the treatment based on the
mentioned criteria above started at the CHB with HBeAg positive state. For the
patients receiving antiviral drugs, if drug resistance was detected or level of serum
HBV DNA more than 60 IU/ml, the patients would move to drug resistance state. The
patients receiving palliative care or those successfully treated with PEG at the first
year would move to stable state. If HBeAg positive CHB patients either with or

without drug resistance had HBeAg secoconversion, they would move to stable state.
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In addition, the patients in stable state could also reverse to CHB with HBeAg positive
state.

HBeAg positive CHB patients either with or without drug resistance and
those in stable state could move to compensated cirrhosis, decompensated cirrhosis
and HCC states. Patients being in either compensated or decompensated cirrhosis state
could reverse to primary state, except for those with HCC, they could move to death
state only. Patients in all states could stay at the same state and could move to death

state.

CHB with
HBeAg +
A Stable
state

CHB with HBeAg +
with Drug resistance

.
o

Hepatocellular
carcinoma

*

Figure 3.1 Schematic diagram of the Markov model for CHB

5.2 Model assumptions

Both scenarios have the same model assumptions which were

1. Oral antiviral treatment could be stopped when HBeAg seroconversion
with undetectable HBV-DNA had been documented on two separate occasions at least

6 months apart.
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2. The duration of treatment with PEG was one year, but if the treatment
fails, oral antiviral treatment would be used.

3. For patients who developed drug resistance due to lamivudine,
telbivudine or entecavir, adefovir or tenofovir would be added to the regimen.

4. For patients who developed drug resistance due to adefovir, lamivudine
would be added to the regimen.

5. The patients who received tenofovir would not develop drug resistance.

6. Efficacy of generic lamivudine was the same as that of original
lamivudine.

7. Each treatment had differences in seroconversion rate and resistance
rate.

8. Patients with drug resistance had the same disease progression rate, and

mortality rate as those without drug resistance.

5.3 Transitional probabilities

Transitional probabilities used in this study are as follows (Table 5).
. The transition to drug resistance
. The transition to HBeAg seroconversion
. The transition to compensated cirrhosis

1
2
3
4. The transition to decompensated cirrhosis
5. The transition to HCC

6

. The transition to death

The transitional probabilities of clinical efficacy in terms of HBeAg
seroconversion of HBeAg-positive CHB treatment options were estimated from a
systematic review and meta-analysis using a Bayesian random effect model analyzed
by WIinBUGS1.4 (Medical Research Council and Imperial College of Science,
Technology and Medicine, United Kingdom). All other transitional probabilities were
obtained from systematic reviews of the published articles in Thai and other countries
(Table 5). In addition, mortality rates of Thai general population at each age were used
in the analysis (81).
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6. Time horizon

Costs and health outcomes were estimated over a 70-year period in order

to cover the expected lifetime horizon.

7. Cost measurement

7.1 Direct medical costs

The relevant direct medical costs data in this study were cost of CHB
medications, cost of other medications, cost of laboratory and diagnostic tests, cost of
procedures, cost of outpatient visits and cost of hospitalizations (IPD admission)
(Table 5). However, costs of the treatment for adverse drug events were not included
in this study. The costs of antiviral drugs were estimated using reference prices
published by Drug and Medical Supply Information Center (DMSIC), the Ministry of
Public Health, Thailand (82). The costs of laboratory and diagnostic tests were
estimated using reference prices published by the Comptroller General’s Department,
the Ministry of Finance, Thailand (83). The cost of complication states such as
compensated cirrhosis, decompensated cirrhosis and HCC were obtained from the
published study in Thailand (4).

7.2 Direct non-medical and indirect costs

According to the societal perspective, direct non-medical costs (i.e., cost
of transportation, food and time loss due to receiving treatment) but not direct medical
costs incurred outside hospital were included. Moreover, indirect costs including only
morbidity costs were calculated from the productivity loss due to sick leave, while
mortality costs were excluded.

All direct non-medical and indirect costs were obtained from a systematic
review in Thailand. Cost of transportation and food were obtained from the Standard
Cost List for Health Technology Assessment (84). Costs of time loss due to receiving
treatment were calculated from the multiplication of the minimum wage rate and time
loss due to physician visits per year. Cost of productivity loss of complication states
such as compensated cirrhosis, decompensated cirrhosis and HCC were calculated

from average length of stay per admission (days) and the number of hospital
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admission (hospitalization) per year multiplied by the minimum wage rate of Bangkok
population obtained from the Department of Labour Protection and Welfare (4, 85).

All costs were converted and reported value in year 2010 using the
consumer price index (CPI) (86). For international comparison, costs were converted
to international dollars using purchasing power parity (PPP) $ exchange rate at 1
PPP$(2009) = 17.8 Thai baht (87).

8. Health outcomes

The health outcomes were life years (LY's) gained and quality adjusted life
years (QALYSs) gained which is the multiplication of LYs gained and utility score.
The utility or the quality of life scores of patients were retrieved from a systematic
review from electronic databases (i.e., Pubmed and Cochrane databases). The key
words used were as follows: (“Quality of Life” [Mesh] OR “QALYs” OR utility*)
AND (hepatitis B OR “CHB” OR *“chronic hepatitis B”). Inclusion criteria were the
studies with quality of life presented in utility index (O=death and 1=full health) and
measured by time trade-off (TTO), standard gamble (SG), or EQ-5D instruments. One
eligible study reported that the mean utility index of CHB patients was 0.68
(95%C1=0.66-0.70). In addition, the mean utility indices of CHB patients with
compensated cirrhosis, decompensated cirrhosis, and HCC were 0.69 (95%CI1=0.66-
0.71), 0.35 (95%CI1=0.32-0.37) and 0.38 (95%CI=0.36-0.41), respectively (88) (Table
5). The health outcomes of each intervention were compared with palliative care.

9. Discounting
Due to time horizon more than one year, all future costs and future
outcomes were discounted at the rate of 3% (89). Sensitivity analysis was performed

at the discount rate of 0% and 6%.

10. Uncertainty analysis
One-way sensitivity analysis and probabilistic sensitivity analysis (PSA)
were conducted to examine the effect of uncertainty about parameters in the model.

One-way sensitivity analysis is to simply vary each parameter to the highest and
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lowest possible values in the model by given amount and examine the impact that the
change has on model’s results. The possible values are usually reasonable to vary the
parameters according to the confidence intervals of the data. A tornado diagram was
useful in demonstrating the impact that a fixed change in each parameter has on the
main outcomes. In this study, only important parameters of the most cost-saving
intervention were selected to perform one-way sensitivity analysis.

The second order Monte Carlo simulation was used to perform PSA by
using Microsoft Office Excel 2010 (Microsoft Corp., Redmond, WA). According to
the attainable range of each input parameter value, probability distributions were
assigned to all parameters: (90) 1) beta-distribution, which is determined to the values
in range zero to one, is the distribution of probability and utility parameters, 2)
gamma-distribution, which is attributed to the positive values, is the costs parameters
distribution, and 3) log-normal distribution is modeled for survival parameters as
constant and coefficient for baseline hazard, and ancillary parameter (gamma) of death
and failure events. Table 5 shows the distribution and range of each input parameter
value. Using simulation by sampling from the distribution of each variable with 1,000
iterations, the analysis provides the feasible values series of total costs, health
outcomes, and incremental cost—effectiveness ratio (ICER) in baht per LY and QALY
gained. Consequently, all of them were averaged and expressed in the term of
probabilistic value. The ICER is calculated by incremental cost divided by

incremental effectiveness.

ICER = (Cm-Cp) / (Em-Ep)
Where,
Cm = CHB medication cost
Cp = Palliative care cost
Em = CHB medication effectiveness

Ep = Palliative care effectiveness

In addition a net monetary benefit (NMB) was calculated to determine the

intervention giving the maximum expected NMB for each value of ceiling ratio (the
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value of society would be willingness to pay (WTP) for intervention giving one
QALY gained). In Thailand, the WTP per QALY gained thresholds for
implementation health technology and intervention of policy decision makers (i.e., the
Subcommittee for Development of the National List of Essential Drugs and the
Subcommittee for Development of the Benefit Packages) are 100,000 baht and
300,000 baht per QALY gained or the one time and three times of the gross domestic
product (GDP) per capita, respectively, based on 2008 Thai GDP per capita, current
prices (National currency) was 134,036 baht (91). Eventually, the results of the PSA

were presented as a cost-effectiveness acceptability curves.

11. Budget impact analysis

The Markov-based budget impact model was developed to evaluate direct
medical cost for HBeAg positive chronic hepatitis B patients based on the
governmental perspective over 10 fiscal years. The model calculated and compared
only direct medical costs for palliative care with the most cost-effective option with
the discount rate of 3%. The number of CHB patients who required the treatment
derived from the incidence and the prevalence of HBeAg positive CHB patients who
aged more than 30 years. Thai population aged more than 30 years in 2010 was 35.8
million. The incidence of CHB patients aged more than 30 years was 77,267 per year
(obtained data from the Burden of Disease and Injury in Thailand project of
International Health Policy Program;IHPP, Ministry of Public Health). The prevalence
of hepatitis B virus in the general population (4%) and 31% of patients with HBsAg
positive CHB are HBeAg positive CHB (10-11). The number of HBeAg positive CHB
patients who would receive the treatments was assumed based on expert opinion
indicating that only 1 out of 3 patients would require the treatment based on the above
mentioned criteria. Thus, the incidence and prevalence of HBeAg positive CHB used

in the Markov model was 8,500 and 147,973 per year, respectively.
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CHAPTER IV
RESULTS

The results of this study were divided into three parts as follows:
1. Cost-utility analysis
2. Uncertainty analysis

3. Budget impact analysis

Part one: Cost-utility analysis

The cost-utility analysis based on societal perspective estimated the life
time cost and health outcomes which were quality adjusted life years (QALY') and
life years (LYs) of each treatment option for HBeAg positive CHB patients. Total
costs, LYs and QALYs of all treatments compared with palliative care in patients with
HBeAg positive CHB aged 30 year are shown in Table 4.1. The cost of generic
lamivudine plus adding tenofovir when drug resistance occurred was the lowest
(456,000 THB), followed by generic lamivudine plus adding tenofovir based on the
road map guideline (490,000 THB) and tenofovir monotherapy (501,000 THB). All
three interventions had lower cost than palliative care. The CHB patients receiving
pegylated interferon (PEG) at the first year and adefovir at the third year if the
treatment failed and then adding original lamivudine when drug resistance occurred
due to adefovir had the highest cost (1,812,000 THB). In addition, patients receiving
palliative care had less LYs (13.13) and QALY (8.63) compared to those receiving
CHB treatments (LYs=21, QALYs=13.7).
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Table 4.1 Total costs, LYs and QAL Ys of all interventions for HBeAg positive

CHB patient aged at 30 years

Interventions Total COTS © LYs QALYs
(THB) ™

Generic LMV (+TNV) 456,000 20.87 13.66
Generic LMV (+TNV based on the road 490,000 20.87 13.66
map guideline)
TNV 501,000 20.89 13.67
Palliative care 527,000 13.13 8.63
Original LMV (+TNV) 937,000 20.87 13.66
PEG at 1® yr. and original LMV at 3™ 953,000 20.89 13.67
yr. if treatment failed (+ TNV)
Original LMV (+TNV by Road map) 971,000 20.87 13.66
Generic LMV (+ADV) 982,000 20.87 13.66
PEG at 1 yr. and TNV at 3" yr. if 1,057,000 20.91 13.69
treatment failed
TVD (+TNV) 1,091,000 20.90 13.68
Generic LMV (+ADV by Road map) 1,134,000 20.87 13.66
TVD (+TNV by Road map) 1,134,000 20.87 13.66
PEG at 1® yr. and original LMV at 3™ 1,325,000 20.89 13.67
yr. if treatment failed (+ TNV)
ADV (+generic LMV) 1,364,000 20.85 13.64
PEG at 1% yr. and generic LMV at 3" yr. | 1,371,000 20.89 13.67
if treatment failed (+ ADV)
TVD (+ADV) 1,429,000 20.90 13.68

™otal costs are calculated in 2010 THB

* Costs are rounded up to nearest 1,000 THB
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Table4.1 Total costs, LYsand QALYsof all interventions for HBeAg positive
CHB patient aged at 30 years (cont.)

Interventions Toal COTS N LYs QALYs
(THB) ™

PEG at 1 yr. and TVD at 3" yr. if 1,442,000  20.92 13.69
treatment failed (+ TNV)
Original LMV (+ADV) 1,463,000 20.87 13.66
ETV (+TNV) 1,519,000 20.88 13.67
ETV (+ADV) 1,536,000 20.88 13.67
ADV (+original LMV) 1,564,000 20.85 13.64
Original LMV (+ADV by Road map) 1,616,000 20.87 13.66
PEG at 1% yr. and ADV at 3™ yr. if 1,648,000 20.88 13.66
treatment failed (+ generic LMV)
TVD (+ADV by Road map) 1,657,000 20.90 13.68
PEG at 1 yr. and TVD at 3" yr. if 1,710,000  20.92 13.69
treatment failed (+ADV)
PEG at 1% yr. and original LMV at 3" yr. | 1,744,000 20.89 13.67
if treatment failed (+ADV)
PEG at 1 yr. and ETV at 3" yr. if 1,771,000  20.90 13.68
treatment failed (+TNV)
PEG at 1% yr. and ETV at 3" yr. if 1,785,000 20.90 13.68
treatment failed (+ADV)
PEG at 1 yr. and ADV at 3" yr. if 1,812,000 20.88 13.66
treatment failed (+ original LMV)

"Total costs are calculated in 2010 THB
* Costs are rounded up to nearest 1,000 THB

Cost-utility analysis was performed to compare all medications in the
treatment of HBeAg positive CHB patients. The results were presented as the
incremental cost effectiveness ratio (ICER) in THB per LY gained (Table 4.2) and
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QALY gained (Table 4.3) when compared with palliative care. According to the Thai
Subcommittee for Development of the National List of Essential Drugs, the
willingness to pay (WTP) threshold for a QALY gained for the adoption of health
technologies and interventions is between one and three times the Thai GDP (i.e.,
approximately 100,000 to 300,000 THB) (106). In this study, providing generic
lamivudine plus adding tenofovir when drug resistance occurred (ICER = -9,000
THB/LY gained or -14,000 THB/QALY gained), generic lamivudine plus adding
tenofovir based on the road map guideline (ICER = -5,000 THB/LY gained or -8,000
THB/QALY gained) and tenofovir monotherapy (ICER = -3,000 THB/LY gained or -
5,000 THB/QALY gained) were dominant and cost-saving options compared to
palliative care (Table 4.2 and 4.3). Negative ICER values indicated that the
interventions had higher effectiveness and lower costs when compared with palliative

care.
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Table 4.2 Incremental cost, incremental LYG and incremental cost-
effectiveness ratio of all interventions compared with palliative care among

HBeAg positive CHB patient aged at 30 years

) Incremental Incremental ICER per LY
Intervention )

cost (THB) LYs gained
Generic LMV (+TNV) -72,000 7.74 Dominant*
Generic LMV (+TNV by Road map) -38,000 7.74 Dominant*
TNV -26,000 7.76 Dominant*
Original LMV (+TNV) 409,000 7.74 53,000
PEG at 1® yr. and generic LMV at 3" 426,000 7.77 55,000
yr. if treatment failed (+ TNV)
Original LMV (+TNV by Road map) 444,000 7.74 57,000
Generic LMV (+ADV) 454,000 7.74 59,000
PEG at 1% yr. and TNV at 3" yr. if 530,000 7.78 68,000
treatment failed
TVD (+TNV) 564,000 7.78 72,000
Generic LMV (+ADV by Road map) 606,000 7.74 78,000
TVD (+TNV by Road map) 606,000 7.74 78,000
PEG at 1" yr. and original LMV at 3™ 798,000 7.77 103,000
yr. if treatment failed (+ TNV)
ADV (+LMV_GPO) 837,000 7.72 108,000
PEG at 1® yr. and generic LMV at 3" 844,000 7.77 109,000
yr. if treatment failed (+ ADV)
TVD (+ADV) 902,000 7.78 116,000

"ICERSs are rounded up to nearest 1,000 THB
*Negative ICER due to higher effectiveness and lower costs of intervention

compared with palliative care
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Table 4.2 Incremental cost, incremental LYG and incremental cost-
effectiveness ratio of all interventions compared with palliative care among

HBeAg positive CHB patient aged at 30 year s (cont.)

Intervertion Incremental Incremental ICER per LY

cost (THB) LYs gained

PEG at 1® yr. and TVD at 3" yr. if 915,000 7.79 117,000

treatment failed (+ TNV)

Original LMV (+ADV) 936,000 7.74 121,000

ETV (+TNV) 991,000 7.75 128,000

ETV (+ADV) 1,009,000 7.75 130,000

ADV (+original LMV) 1,037,000 7.72 134,000

Original LMV (+ADV by Road map) 1,088,000 7.74 141,000

PEG at 1™ yr. and ADV at 3" yr. if 1,120,000 7.75 145,000

treatment failed (+ generic LMV)

TVD (+ADV by Road map) 1,130,000 7.78 145,000

PEG at 1® yr. and TVD at 3" yr. if 1,182,000 7.79 152,000

treatment failed (+ADV)

PEG at 1% yr. and original LMV at 3" | 1,216,000 7.77 157,000

yr. if treatment failed (+ADV)

PEG at 1¥ yr. and ETV at 3" yr. if 1,243,000 7.78 160,000

treatment failed (+TNV)

PEG at 1% yr. and ETV at 3" yr. if 1,257,000 7.78 162,000

treatment failed (+ADV)

PEG at 1® yr. and ADV at 3" yr. if 1,284,000 7.75 166,000

treatment failed (+ original LMV)

"ICERs are rounded up to nearest 1,000 THB
*Negative ICER due to higher effectiveness and lower costs of intervention

compared with palliative care



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 55

Table 4.3 Incremental cost, incremental QALYs and incremental cost-
effectiveness ratio of all interventions compared with palliative care among

HBeAg positive CHB patient aged at 30 years

Incremental  Incremental ICER per
cost(THB) QALYs  QALYgained

Intervention

Generic LMV (+TNV) -72,000 5.03 Dominant*
Generic LMV (+TNV by Road map) -38,000 5.03 Dominant*
TNV -26,000 5.04 Dominant*
Original LMV (+TNV) 409,000 5.03 81,000
PEG at 1® yr. and generic LMV at 3" 426,000 5.05 84,000

yr. if treatment failed (+ TNV)

Original LMV (+TNV by Road map) 444,000 5.03 88,000
Generic LMV (+ADV) 454,000 5.03 90,000
PEG at 1% yr. and TNV at 3" yr. if 530,000 5.06 105,000

treatment failed

TVD (+TNV) 564,000 5.05 112,000
Generic LMV (+ADV by Road map) 606,000 5.03 121,000
TVD (+TNV by Road map) 606,000 5.03 121,000
PEG at 1" yr. and original LMV at 3™ 798,000 5.05 158,000

yr. if treatment failed (+ TNV)

ADV (+LMV_GPO) 837,000 5.01 167,000
PEG at 1® yr. and generic LMV at 3" 844,000 5.05 167,000
yr. if treatment failed (+ ADV)

TVD (+ADV) 902,000 5.05 178,000

"ICERSs are rounded up to nearest 1,000 THB
*Negative ICER due to higher effectiveness and lower costs of intervention

compared with palliative care
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Table 4.3 Incremental cost, incremental QALYs and incremental cost-
effectiveness ratio of all interventions compared with palliative care among

HBeAg positive CHB patient aged at 30 year s (cont.)

Incremental  Incremental ICER per
cost(THB) QALYs  QALYgained

Intervention

PEG at 1™ yr. and TVD at 3" yr. if 915,000 5.06 181,000
treatment failed (+ TNV)

Original LMV (+ADV) 936,000 5.03 186,000
ETV (+TNV) 991,000 5.04 197,000
ETV (+ADV) 1,009,000 5.04 200,000
ADV (+original LMV) 1,037,000 5.01 207,000
Original LMV (+ADV by Road map) 1,088,000 5.03 216,000
PEG at 1™ yr. and ADV at 3" yr. if 1,120,000 5.04 222,000

treatment failed (+ generic LMV)

TVD (+ADV by Road map) 1,130,000 5.05 224,000
PEG at 1® yr. and TVD at 3" yr. if 1,182,000 5.06 233,000
treatment failed (+ADV)

PEG at 1% yr. and original LMV at 3" | 1,216,000 5.05 241,000
yr. if treatment failed (+ADV)

PEG at 1¥ yr. and ETV at 3" yr. if 1,243,000 5.05 246,000
treatment failed (+TNV)

PEG at 1% yr. and ETV at 3" yr. if 1,257,000 5.05 249,000
treatment failed (+ADV)

PEG at 1® yr. and ADV at 3" yr. if 1,284,000 5.04 255,000

treatment failed (+ original LMV)

"ICERs are rounded up to nearest 1,000 THB
*Negative ICER due to higher effectiveness and lower costs of intervention

compared with palliative care



Fac. of Grad. Studies, Mahidol Univ. M.Sc. in Pharm. (Pharmacy Administration) / 57

In addition, the ICER results of all interventions among HBeAg positive
CHB patient aged at 30 years are presented as the cost-effectiveness planes which Y-
axes represents incremental cost and X-axes demonstrates incremental effectiveness
(i.e., LYs and QALYs as shown in Figure 4.1and 4.2, respectively) when compared
with palliative care. The ICERs of three interventions (i.e., generic lamivudine plus
adding tenofovir when drug resistance occurred, generic lamivudine plus adding
tenofovir based on the road map guideline and tenofovir monotherapy) were located
on the lower right-hand quadrant of the plane in Figure 4.1 and 4.2 indicated that these
three best interventions had higher effectiveness and lower costs or cost-saving
compared to palliative care. Moreover, to consider the next best intervention
subsequent to tenofovir monotherapy, providing PEG at the first year and generic
lamivudine at the third year if the treatment failed and then adding tenofovir when
drug resistance occurred yielded incremental LYs or QALY's of 0.01 higher compared
to providing tenofovir only. However, this intervention might not cost-effective,
because very high costs (i.e., 11 million or 170 million THB) would be needed to
spend in order to gain only 0.01 LY or QALY compared to tenofovir monotherapy.
The other remainder interventions might not cost-effective either due to similar above

reason.
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Figure 4.1 Incremental cost-effectivenessratios (ICERSLYS) of all interventions
compared with palliative care among HBeAg positive CHB patient aged at 30
years
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Figure 4.2 Incremental cost-effectiveness ratios (ICERYQALYs) of all
interventions compared with palliative care among HBeAg positive CHB patient
aged at 30 years.

Moreover, Table 4.4 shows total costs, LYs and QALYs of four
interventions (i.e., generic lamivudine plus adding tenofovir when drug resistance
occurred, generic lamivudine plus adding tenofovir based on the road map guideline,
lamivudine and palliative care) for HBeAg positive CHB patients at age 40, 50, 60
and 70 years. The results indicated that total costs, LYs and QALYs would be
decreased when age of patients increased. For example, HBeAg positive CHB patients
receiving generic lamivudine plus adding tenofovir when drug resistance occurred at
age 40 (405,000 THB), 50 (343,000 THB), 60 (286,000 THB) or 70 (209,000 THB)
years had the lowest cost, whereas those receiving palliative care at age 40 (496,000
THB), 50 (455,000 THB), 60 (384,000 THB) or 70 (291,000 THB) years had the
highest cost. In addition, patients receiving each CHB treatment at age 40 (19 LYs, 13
QALYSs), 50 (17 LYs, 11 QALYs), 60 (14 LYs, 9 QALYs) and 70 (11 LYs, 7
QALY'5s) years had almost equal total LYs and QALY's which were higher compared
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to those receiving palliative care at age 40 (12.77 LY, 8.40 QALYSs), 50 (12.04 LYs,
7.94 QALYS), 60 (10.86 LYs, 7.19 QALYSs) and 70 (8.94 LYs, 5.95 QALYS).

Table 4.4 Total costs, LYsand QAL Ysof four interventionsfor HBeAg positive
CHB patientsat age 40, 50, 60 and 70 years

Interventions Age s COTS N LYs QALYs
(Year) | (THB) *

Generic LMV (+TNV) 40 405,000 19.16 12.55
50 343,000 16.86 11.06
60 286,000 13.95 9.15
70 209,000 10.65 7.00

Generic LMV (+TNV based on 40 439,000 19.16 12,55

the road map guideline)
50 376,000 16.86 11.06
60 318,000 13.95 9.15
70 238,000 10.65 7.00

TNV 40 451,000 19.18 12.56
50 387,000 16.88 11.07
60 329,000 13.96 9.16
70 248,000 10.66 7.00

Palliative care 40 496,000 12.77 8.40
50 455,000 12.04 7.94
60 384,000 10.86 7.19
20 291,000 8.94 5.95

"Total costs are calculated in 2010 THB
* Costs are rounded up to nearest 1,000 THB
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Incremental cost, incremental LYs, incremental QALY's and incremental
cost-effectiveness ratio of three cost-saving interventions (i.e., generic lamivudine
plus adding tenofovir when drug resistance occurred, generic lamivudine plus adding
tenofovir based on the road map guideline, lamivudine compared with palliative care
among HBeAg positive CHB patients aged 40, 50, 60 and 70 years were shown in
Table 4.5 and Table 4.6. The results showed that providing generic lamivudine plus
adding tenofovir when drug resistance occurred, generic lamivudine plus adding
tenofovir based on the road map guideline or tenofovir monotherapy for HBeAg
positive CHB patients at age between 40-70 years was still dominant and cost-saving

option compared to palliative care.
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Table 4.5 Incremental cost, incremental LYs and incremental cost-effectiveness
ratio of three cost-saving interventions compared with palliative care among
HBeAg positive CHB patients at age 40, 50, 60 and 70 years

Interventions Age Incremental Incremental  ICER per

(Year) | cost(THB) LYs LY gained
Generic LMV (+TNV) 40 -91,000 6.39 -14,000
50 -112,000 4.82 -23,000
60 -98,000 3.09 -32,000
70 -82,000 1.72 -48,00
Generic LMV (+TNV based 40 -57,000 6.39 -9,000
on the road map guideline) 50 79,000 4.82 116,000
60 -66,000 3.09 -21,000
70 -52,000 1.72 -30,000
TNV 40 -45,000 6.41 -7,000
50 -68,000 4.84 -14,000
60 -55,000 3.10 -18,000
70 -42,000 1.72 -25,000

"Total costs are calculated in 2010 THB
* Costs are rounded up to nearest 1,000 THB
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Table 4.6 Incremental cost, incremental QALYs and incremental cost-
effectivenessratio of three cost-saving interventions among HBeAg positive CHB

patients at age 40, 50, 60 and 70 years

Interventions Age Incremental  Incremental ICER per
(Year) | cost (THB) QALYs QALY:s gained
Generic LMV (+TNV) 40 -91,000 4.14 -22,000
50 -112,000 3.12 -36,000
60 -98,000 1.97 -50,000
70 -82,000 1.05 -78,000
Generic LMV (+TNV 40 -57,000 4.14 -14,000
baged on the fodeiie 50 | -79,000 3.12 25,000
guideline)
60 -66,000 1.97 -34,000
70 -52,000 1.05 -49,000
TNV 40 -45,000 4.15 -11,000
50 -68,000 3.13 -22,000
60 -55,000 1.97 -28,000
70 -42,000 1.06 -40,000

"Total costs are calculated in 2010 THB
* Costs are rounded up to nearest 1,000 THB

Part two: Uncertainty analysis

1.1 Oneway sensitivity analysis

One-way sensitivity analysis was conducted to investigate the effect of
model variable uncertainty and presented as tornado diagram as show in Figure 4.3.
We selected only important parameters of the most cost-saving intervention (i.e.,

generic lamivudine plus adding tenofovir when drug resistance occurred). Discount
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rate of 0% and 6% were used. The ranges of 95% confidence interval of transitional
probabilities, utility scores and cost of generic and original lamivudine were applied.
The minimum cost of tenofovir (i.e., 10 THB per tablet) was obtained from the
estimated price by the director of the Government Pharmaceutical Organization
(GPO) and the maximum cost of 235 THB per tablet was assumed to be equal to the
price of entecavir because the prices of tenofovir and entecavir were similar in the US.
Moreover, 95% confidence intervals of the cost for treatment of all complications (i.e.,
compensated cirrhosis, decompensated cirrhosis and HCC) were applied in the model.

It was found that when altering the value of each parameter, the ICER per
QALY gained was the most sensitive to the changes in the cost of treatment of
compensated cirrhosis, the price of tenofovir, the price of lamivudine, the cost of
treatment of decompensated cirrhosis, the cost of treatment of HCC, the discount rate
of 0% and 6% per annum for cost and outcome, the relative risk of seroconvertion of
lamivudine and the probability of chronic state to death state. It was noted that the
ICER was less sensitive to the changes in the utility score of HCC state, probability of
compensated cirrhosis state to HCC state and the utility score of decompensated
cirrhosis state.

As the one-way sensitivity results shown the cost of treatment of all
complications (i.e., compensated cirrhosis, decompensated cirrhosis and HCC) would
be the most affect to changing the ICER value. Moreover the direct medical costs of
complication states were obtained from the published study of hepatitis C in Thailand
(4). This study was multi-center observational study conducted at five major tertiary
care hospitals in Thailand, so that the cost of treatment of all complications might be
lower than from those conducted in CHB patients or in regional hospital. The ICER
would be change from negative to positive, so it was not cost-saving. However, it
would be still cost-effective intervention because the ICER in one-way sensitivity

were lower than one times the Thai GDP per capita (106).
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Cost of treatment of compensated cirrhosis (C1 95,5) -699% — 365%
Price of TNV per tablet: (10, 235) -118% _ 697%

Priceof LMV per tablet: (4, 96) 502%

Cost of treatment of decompensated cirrhosis (C195,5) -188%
Cost of treatment of HCC (C15,95) 198%
Percent discountof outcome: (6, 0) -107%

Percent discount of cost: (6, 0) - 123%
Relativerisk for seroconvertionof LMV: (C1 95, 5)
Probability for chronicto death: (C195, 5)
Probability for chronicto HCC: (CI 5, 95)
Probability for chronic to compensated: (C1 5, 95)
Probability for HCC to death: (C1 95, 5)
Probability of LMV resistance: (CI 5, 95)
Utility score of CHB state: (C15, 95)
Probability for compensated to chronic: (C1 95, 5)
Probability for decompensated to death: (C1 95, 5)
Utility score of compensated cirrhosis state: (C195, 5)
Probability for compensated to death: (C1 95, 5)
Utility score of decompensated cirrhosis state: (C1 95, 5)
Probability for decompensatedto HCC: (C1 95, 5)

Utility score of HCC state: (C195, 5)

Probability for compensated to HCC: (C195, 5)

-800 -600 -400 -200 [ 200 400 600 800

Percent of changing ICER compared to mean ICER due to each parameter
(Mean ICER:-17,000 THB per QALY gained)

Figure 4.3 Tornado diagram showing the sensitivity of the ICER to plausible

ranges of individual parameters

2.2 Probabilistic sensitivity analysis (PSA)

Base on societal perspective, PSA was carried out the impact of the
uncertainty of input parameters of which distributions were defined and shown in
Table 3.1. PSA were presented as a cost-effectiveness acceptability curves. According
to the Thai Subcommittee for Development of the National List of Essential Drugs,
the willingness to pay (WTP) threshold for a QALY gained for the adoption of health
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technologies and interventions is between one and three times the Thai GDP (i.e.,
approximately 100,000 to 300,000 THB), shown by the vertical dashed lines in
Figure 4.4.

Figure 4.4 illustrates the cost-effectiveness acceptability curve base on the
PSA results among HBeAg positive CHB patients who received treatment
intervention. When compared with all interventions, at a WTP threshold of 100,000
and 300,000 THB per QALY gained, the probabilities that providing generic
lamivudine plus adding tenofovir when drug resistance occurred would be cost-
effective was 78% and 75%, respectively. When the WTP threshold increased, the
probabilities of providing tenofovir monotherapy being cost-effective would also be
increased, while as the probabilities of providing generic lamivudine plus adding

tenofovir when drug resistance occurred being cost-effective would be decreased.
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Figure 4.4 Cost-effectiveness acceptability curve of treatment intervention for
HBeAg positive CHB patients
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Part three: Budget impact analysis

Based on the results of cost-utility analysis, providing generic lamivudine
plus adding tenofovir when drug resistance occurred and tenofovir monotherapy were
found to be cost-saving options. Therefore, the budget impact analysis was conducted
to calculate how much impact on future expenditures when adopted these two
interventions in the treatment of HBeAg positive CHB patients compared with
palliative care based on the NHSO’s perspective. The governmental budget impact of
providing generic lamivudine plus adding tenofovir when drug resistance occurred
and tenofovir compared with palliative care among HBeAg positive CHB patients
aged more than 30 years during fiscal years 2010 to 2019 is presented in Table 4.7.

According to the results, the first year total budget required for providing
generic lamivudine plus adding tenofovir when drug resistance occurred was 938
million THB and increased to 2,902 and 3,257 million THB at the fifth and tenth
years, respectively. In addition, the total budget of providing tenofovir was 3,092
million THB at the first year and increased to 3,549 and 3,669 million THB at the fifth
and tenth years, respectively. The total budget required for providing palliative care
was 657 million THB at the first year and dramatically increased to 2,975 and 6,625
million THB at the fifth and tenth years, respectively.

When compared with palliative care, the incremental budget of providing
generic lamivudine plus adding tenofovir when drug resistance occurred increased at
the second year and steadily decreased. Finally the budget could be saved after the
fifth year. In addition, the incremental budget of tenofovir monotherapy compared

with palliative care gradually decreased and finally could be saved at the seventh year.
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Table 4.7 Estimated total budget impact (million THB) during fiscal years 2010
to 2019 of providing generic lamivudine plus adding tenofovir when drug
resistance occurred and tenofovir compared with palliative care for HBeAg

positive CHB patients

Estimated total budget Incremental budget

Fiscal (million THB) (million THB)

year Generic Palliative Generic

LMV(+TNV) NV care LMV(+TNV) T

2010 938 3,092 657 281 2,435
2011 1,741 3,183 1,305 436 1,878
2012 2,246 3,212 1,922 324 1,290
2013 2,610 3,380 2,480 130 900
2014 2,902 3,549 2,975 -73 574
2015 3,140 3,720 3,380 -240 340
2016 3,192 3,705 4,339 -1,147 -634
2017 3,223 3,694 5,019 -1,796 -1,325
2018 3,244 3,682 5,511 -2,267 -1,829
2019 3,257 3,669 6,625 -3,369 -2,957

At present, only lamivudine has been included in the NLED, but not
tenofovir for patients with CHB. Thus, the information on the required budget when
included tenofovir in the benefit package based on the NHSO’s perspective would be
useful. Table 4.8 demonstrates the estimated number of new cases and the budget of
providing generic lamivudine plus adding tenofovir when drug resistance occurred for
only new HBeAg positive CHB cases aged more than 30 years on the governmental
budget during fiscal years 2010 to 2019. Of all new cases, some patients could stop
the treatment because they had good response or had seroconversion occurred, while
some patients required the treatment. The number of only new HBeAg positive CHB
cases patients who need the treatment would increase from 8,500 people at the first
year to nearly 60,000 people at the tenth year. The number of new HBeAg positive
CHB cases who required tenofovir was used to calculate the the budget of tenofovir
with the prices of 43 THB and 10 THB per tablet as shown at the fourth and the fifth
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column, respectively (Table 4.8). However, we did not discount the total budget
because the policymakers would like to know the exact budget when included
tenofovir into the NLED.

At the first year, the budget of providing generic lamivudine plus adding
tenofovir when drug resistance occurred including the cost of treatment, cost of
monitoring and cost of lamivudine but not the cost of tenofovir was 51 million THB.
When the price of tenofovir was 43 or 10 THB per tablet, the budget of tenofovir was
29 or 7 million THB at the second year, respectively. As the number of new cases

increased, the budget of tenofovir would be increased in the next years.

Table 4.8 Budget of providing generic lamivudine plus adding tenofovir when
drug resistance occurred for new HBeAg positive CHB cases during fiscal years
2010 to 2019

Fiscal | Number of  Number of Budget Budget of Budget of
year | new HBeAg newcases includingthe TNV with the TNV with the
positive who cost of price of price of 10
CHB cases required  treatment, cost 43 THB/tablet
who required TNV of monitoring THB/tablet  (millionTHB)
the treatment  (person) and cost of (millionTHB)
(person) lamivudine
(million THB)
2010 8,500 - 51 - -
2011 15,281 1,819 117 29 7
2012 21,633 4,454 196 71 17
2013 27,668 7,544 290 120 30
2014 33,468 10,886 388 175 41
2015 39,090 14,361 500 230 50
2016 44,509 17,905 608 290 68
2017 49,761 21,480 716 348 82
2018 54,871 25,065 823 406 95
2019 59,857 28,648 929 465 109
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Table 4.9 shows the estimated number of all cases and the budget of

providing generic lamivudine plus adding tenofovir when drug resistance occurred for

all HBeAg positive CHB cases aged more than 30 years on the governmental budget

during fiscal years 2010 to 2019. At the first year, the budget including the cost of

treatment, cost of monitoring and cost of lamivudine but not the cost of tenofovir was

938 million THB. At the second year, the budget of tenofovir was 521 or 122 million

THB if the price of tenofovir was 43 or 10 THB per tablet, respectively.

Table 4.9 Budget of providing generic lamivudine plus adding tenofovir when

drug resistance occurred for all HBeAg positive CHB cases during fiscal years

2010 to 2019
Fiscal | Number of  Number of Budget Budget of Budget of
year | all HBeAg new cases including the TNV with the TNV with the
positive who cost of price of price of 10
CHB cases required treatment, cost 43 THB/tablet
who TNV of monitoring  THB/tablet  (millionTHB)
required the (person) and costof  (millionTHB)
treatment lamivudine
(person) (million THB)
2010 156,473 - 938 - -
2011 133,327 33,485 1,272 521 122
2012 132,210 50,323 1,574 809 190
2013 132,734 61,348 1,860 990 230
2014 134,438 69,057 2,145 1,121 263
2015 136,951 74,864 2,430 1,210 280
2016 138,855 79,594 2,515 1,296 304
2017 141,189 83,709 2,601 1,363 320
2018 143,822 87,474 2,684 1,425 334
2019 146,662 91,033 2,766 1,483 348
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CHAPTER YV
DISCUSSION

The discussion of this study was divided in to three parts as follows:
1. Cogt-utility analysis
2. Budget impact analysis
3. Limitations of study

Part I: Cost-utility analysis

The economic evaluation information to consider whether which drugs for
HBeAg positive CHB patients should be included in the NLED was requested by the
NHSO in fiscal year 2009. However, until now there has been no such data yet.
Therefore, this study was the first to compare the cost-utility of all available
treatments with palliative care in patients with HBeAg positive CHB based on societal
perspective in Thai context as well as to estimate the governmental budget impact of
the most cost-effective treatment when included in the NLED.

Based on the results of this study, it was suggested that providing generic
lamivudine plus adding tenofovir when drug resistance occurred, generic lamivudine
plus adding tenofovir based on the road map guideline and tenofovir monotherapy
were dominant and cost-saving interventions compared to palliative care. Providing
generic lamivudine plus adding tenofovir when drug resistance occurred could save
healthcare cost of approximately 70,000 THB per patient, since the cost of serious
complications could be avoided in the future. Moreover, CHB treatment could aso
prolong patients’ overall survival about 18 years. It was found that generic lamivudine
would be the most cost-saving treatment and it has already been included in the
NLED. Thus, lamivudine should be considered to be the first drug for the treatment of
HBeAg positive CHB patients who required the treatment base on the criteria
However, based on the systematic reviews, most studies indicated that entecavir (10
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studies) (57-61, 64-66, 79-80), adefovir (2 studies) (56, 71), telbivudine (1 study) (55),
and pegylated interferon (3 studies) (63, 68-69) were more cost-effective compared to
lamivudine. The results of this study were not in accordance with other previous
published studies, since we consdered drug resistance due to lamivudine and its
management to imitate the real current clinical practice and generic lamivudine which
was very inexpensive in Thailand was aso included as an intervention.

Although lamivudine can cause HBV DNA suppression in most HBeAg
positive CHB patients, it is also associated with a high rate of drug resistance (12).
Currently, there have been no other CHB treatments with low rate of drug resistance
which is included in the NLED. In addition to lamivudine, our study indicated that
tenofovir was also a cost-saving option to be used as either the first or second drug for
the management of drug resistance due to lamivudine. Similarly, the study of Buti et
al revealed that tenofovir was associated with lower costs and higher efficacy over
entecavir, telbivudine and adefovir (57). At present tenofovir has not been approved
by the Thai FDA for the treatment of CHB yet, even though tenofovir has
demonstrated high antiviral efficacy and low drug resistance rate for patients with
CHB (13-14).

Our study indicated that tenofovir was a cost-saving or cost-effective
option to be used as either the first or second drug for the management of drug
resistance due to lamivudine. Therefore, tenofovir should be included in the NLED.
From the expert’s opinion, if both lamivudine and tenofovir were in the NLED, using
tenofovir as the first drug would be better given that tenofovir had very low resistance
rate. It would be more convenient for clinicians to provide tenofovir as the first-line
treatment in order to reduce the time and cost of drug resistance management
compared with providing lamivudine. Even though the patients taking tenofovir had
drug resistance, lamivudine could still be added. However, it should be noted that
tenofovir has also been implicated in causing renal toxicity. Tenofovir can cause acute
renal failure, Fanconi syndrome, proteinuria or tubular necrosis. These side effects are
due to accumulation of the drug in proximal tubules (107). In addition, when
congdering to provide CHB treatment to HBeAg positive CHB patients aged older
than 30 years (i.e., 40-70 years), three interventions (i.e., generic lamivudine plus

adding tenofovir when drug resistance occurred, generic lamivudine plus adding
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tenofovir based on the road map guideline and tenofovir monotherapy) were till
dominant and cost-saving interventions compared with palliative care. Therefore,
providing these three interventions in elderly HBeAg positive CHB patients would be
still very beneficial.

Moreover, our study was the first to study the set of interventionsinto two
scenarios depended upon when the second drug was added for the management of
CHB drug resistance either adding the second drug when drug resistance occurred or
adding a more potent drug without cross-resistance when the HBV DNA level more
than 60 IU/ml at a partial response at week 24 based on the road map guideline which
Is recommended to apply for only low genetic barrier drugs (i.e., lamivudine and
telbivudine). The results suggested that the total cost of HBeAg positive CHB
treatment with the management of drug resistance based on the road map guideline
was higher compared with adding the second drug when drug resistance occurred.
Nevertheless, total LYs and QALY s obtained from both scenarios of the management
of drug resistance were not different.

However, three major issues (i.e., the prices of tenofovir and lamivudine,
resistance rate of tenofovir, and cost of all complications) are needed to be addressed.
First, it was noted that the price of tenofovir in this study was obtained from the
current market price of tenofovir in Thailand which was relatively inexpensive due to
the discounted price (43 THB) proposed by the pharmaceutical company. At present,
the price of tenofovir is about equal to that of entecavir in other countries. If the
maximum expected price of tenofovir was assumed to be equal to the price of
entecavir (235 THB per tablet), the ICER would be changed from dominant value to
100,000 THB per QALY gained when compared with palliative care. Similarly, if the
price of lamivudine was changed to be the price of origina lamivudine, the ICER
would be changed to 81,000 THB per QALY ganed. Based on the Tha
Subcommittee for Development of the NLED, the willingness to pay (WTP) threshold
for a QALY gained for the adoption of health technologies and interventions is
between one and three times the Thai GDP (i.e. approximately 100,000 to 300,000
THB). Therefore, when changing the prices to possible maximum values, tenofovir
monotherapy or lamividine was cost-effective in Thai context although it was not a

cost-saving intervention (106).
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Second, according to the current studies related to drug resistance, the
resistance rate of tenofovir used in this study was 0% (12). If resistance rate of
tenofovir was assumed based on the expert’s opinion to be equal to that of entecavir,
tenofovir was a cost-effective intervention in Thai context with the ICER of 5,000
THB per LY gained or 8,000 THB per QALY gained compared with paliative care.
Third, direct medical costs of complication states in this study were obtained from the
published study of hepatitis C, a multi-center observational study conducted at five
major tertiary care hospitals in Thailand (4). The costs of al complications (i.e.,
compensated cirrhosis, decompensated cirrhosis and HCC) might be lower than those
conducted in CHB patients or regional hospitals. Based on sensitivity analysis results,
the costs of all complications had the most effect on the changes in the ICER values.
However, those three interventions would be cost-effective because the ICER values

were lower than one time the Thai GDP per capita (106).

Part I1: Budget impact analysis

The governmental budget impact demonstrated that provision of generic
lamivudine and adding tenofovir when drug resistance occurred or tenofovir
monotherapy for HBeAg positive CHB patients could reduce the overall budget from
the fifth or seventh fiscal year onwards, respectively. However, in the long run, the
budget of lamivudine and tenofovir decreased, whereas that of paliative care
increased. Furthermore, the provision of generic lamivudine and adding tenofovir
when drug resistance occurred or tenofovir could help the NHSO saving the budget
compared with palliative care. It was noted that the prices of tenofovir used in this
study were obtained from the current price proposed by the pharmaceutical company
(43 THB) and the price estimated by the GPO director if tenofovir is produced and
launched to the market, so that change in prices will be affected to the governmental

budget impact.
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Part I11: Limitations of study

This study had several limitations as follows:

1. Due to the lack of transitiona probabilities data for CHB patients in
Thailand, some transitional probabilities were obtained from systematic reviews of the
published articles in other countries.

2. There has been utility data of CHB but not for all complication states
(i.e., compensated cirrhosis, decompensated cirrhosis and HCC) in Thai CHB patients,
so that the utility data of CHB patients with complications were obtained from
multinational study (88).

3. Costs of the treatment for adverse drug events were not included in this
study.
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CHAPTER VI
CONCLUSIONS

The conclusions of this study were divided into two parts as follows:
1. Recommendations for policy decision making

2. Recommendations for the further study

Part |: Recommendationsfor policy decison making

In 2009, the NHSO requested the study on economic evaluation of drug
treatments for CHB patients for the development of health benefit package under
universal health care coverage scheme process of International Health Policy Program
(IHPP) and Health Intervention and Technology Assessment Program (HITAP). Thus,
the results of this study could be used to inform the Subcommittee of the Benefit
package Design that lamivudine should be still included in the NLED and tenofovir
should be included in the NLED for CHB patients.

Generic lamivudine already contained in the NLED was the most cost-
effective. Thus, the access to the treatment for HBeAg positive CHB patients should
be enhanced. Since CHB patients do not usually have symptoms, they do not know
that they have CHB disease and require treatment. Thus, heathcare provides as well
as policymakers under health insurance schemes should accelerate patients' awareness
to get an access to CHB screening and treatment. However, lamivudine may cause
drug resistance in CHB patients and at present there has been no treatment to manage
drug resistance included to the NLED. In addition, this study showed that providing
tenofovir monotherapy or adding tenofovir as the second drug for the treatment of
HBeAg positive CHB patients with drug resistance was the cost-saving intervention.
Therefore, tenofovir should be considered to be included in the NLED. Currently
tenofovir has been registered for the treatment of HIV but not CHB treatment in
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Thailand yet. Therefore, Tha FDA should consider ways to register tenofovir in the
indication of CHB treatment for the benefit of the patients and the country.

Recently screening to diagnose CHB can be performed in community
hospitals, while treatment and monitoring were usually done in teaching hospitals.
There have been very few gastroenterologists can manage CHB complicated
conditions and most of them are at university and regional hospitals. Therefore, the
Ministry of Public Health (MOPH) should enhance the ability of general hospitals to
increase the number of gastroenterol ogists who could treat and monitor CHB patients.
Moreover, the MOPH should develop a good referral system of the community
hospitals and encourage the development of national guidelines for the treatment of
CHB disease.

Based on the results, the costs of CHB treatment were very expensive,
however, these costs could be avoided by preventing the HBV infection. Hepatitis B
vaccine is the best protection against hepatitis B virus. The meta-analysis study of
Chen et a. showed that hepatitis B vaccine could prevent the HBV infection among
health-care providers (108). Since 1992, the Ministry of Public Health has implemented
the nationwide hepatitis B vaccine immunization program for al newborns and provided
hepatitis B immune globulin (HBIG) for babies born to carrier mothers (6).
Consequently, the prevalence of HBV in Thailand was dropped to 4% (6). Nevertheless,
adult populations who were born before 1992 may still have a chance to be infected with
HBV. Therefore, the MOPH should provide the interventions such as screening people
who have no immunity to HBV and encouraging them to receive the HBV vaccination
in order to reduce the spread of infection among adult popul ations.

Part I1: Recommendationsfor the further study

1. Utility parameter, one of the important parameters that were sensitive
to the changesin ICER values should be derived from Thai data.

2. Since currently in Thaland there have been a very few
gastroenterologists and laboratory facilities for CHB treatment and monitoring, the
feasibility of CHB treatment and monitoring provision system should be further
investigated.
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3. As this study compared al trestments for HBeAg positive CHB
patients, further study for HBeAg negative CHB patients should be conducted.
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