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By Sarah E. Post, Neetu Khurana Sodhi, Chia-hui Peng, Kejia Wan, and Henry J. Pollack

A Simulation Shows That Early
Treatment Of Chronic Hepatitis B
Infection Can Cut Deaths And
Be Cost-Effective

ABSTRACT Chronic hepatitis B affects between 800,000 and two million
people in the United States and causes 4,000 deaths each year. Yet the
costs and benefits of treatment have not been fully evaluated. Using a
model that simulates disease progression, we compare treatment
programs for hepatitis B that start at an early stage of the disease to
treatment that begins at a late stage. Our analysis concludes that early
hepatitis B care can improve health, reduce premature deaths, and
prevent expensive complications, making it highly cost-effective in the
long term. Our results demonstrate the importance of screening for
hepatitis B among at-risk groups and then linking screening to
treatment. They also illustrate how predictive models can be used to
evaluate strategies for improving access to care.

C
hronic hepatitis B is amajor cause of
cirrhosis of the liver and of “pri-
mary” liver cancer, or cancer in
which the liver is the primary tumor
site. At any given time, the virus af-

fects between 800,000 and twomillion people in
the United States.1–4 Infection is concentrated
among people born in Asia, sub-Saharan Africa,
Eastern Europe, South America, and the Carib-
bean. This disparity is particularly severe in
Asian populations within the United States,
among whom the infection rate is estimated to
be 10–15 percent, compared to the general pop-
ulation infection rate of less than 0.5 percent.5,6

Although universal infant vaccination has re-
duced the number of new infections that occur
in the United States, the number of cases of
chronic hepatitis B has increased in recent years
as a result of immigration from countries where
the virus is endemic.5,7

Hepatitis B And Public Health
Chronichepatitis B infectionhas a long latent, or
clinically silent, phase, during which it causes
few or no symptoms. It is frequently undiag-

nosed until symptoms of late-stage complica-
tions develop, many years after infection. An
estimated 15–40 percent of infected people will
eventually develop complications, the most
common and deadliest of which are primary
liver cancer (hepatocellular carcinoma) and
end-stage liver disease.6 When these complica-
tions are diagnosed, they require very expensive
treatments and are most often fatal. Hepatitis B
infection is responsible for 4,000USdeaths each
year. The total direct and indirect annual cost
burden of the disease in the United States is
estimated to be as high as $1 billion.4,8

Hepatitis B infection thus represents a serious
public health issue. It remains so despite the fact
that new treatments have become available that
reduce the amount of virus in the blood (“viral
load”)more effectively, canbeadministered for a
longer period without the development of resis-
tance, and could avert serious outcomes.9–14 In
current clinical practice guidelines, viral load is
used as a predictor of health outcome, a criterion
for starting antiviral treatment, and a marker of
treatment effectiveness.15 The risk for cirrhosis
and primary liver cancer increases significantly
as viral load levels increase.15–17 Therefore, mon-
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itoring infected people for early cirrhosis or hep-
atocellular carcinoma, along with intervention
as needed to keep hepatitis B virus levels low or
undetectable, could reduce illness and death.18–21

Managing The Disease Recent assessments of
best practices in the clinicalmanagement of hep-
atitis B have emphasized the need for appropri-
ate treatment as a way to prevent long-term com-
plications.18,19 In January 2010 the Institute of
Medicine recommended working to improve ac-
cess to screening and treatment, highlighting
the lack of access to care among key at-risk
groups and the need for more investigation of
the cost and cost-effectiveness of treatment
programs.22

Screening And Treatment As yet, there has
been no systematic assessment of whether pro-
viding improved access to screening and treat-
ment would be cost-effective. Therefore, we be-
lieve that it is timely to examine the costs and
benefits of providing comprehensive care for
this illness. In this article we describe a model
that simulated, over twenty years, a group of
people with chronic hepatitis B infection, whose
health status depended on the timing of the
medical intervention they received. Our analysis
compared the health outcomes, costs, and cost-
effectiveness of providing comprehensive early
treatment and care for people with chronic hep-
atitis B compared with a standard population
that received care only at late stages of the
disease.
Given that access to appropriate early treat-

ment and care for chronic hepatitis B is likely
to correlate with the availability of comprehen-
sive health insurance, we also examined strate-
gies for providing expanded care to populations
that do not currently have access. Many infected
people have little or no health insurance and are
ineligible for publicly subsidized insurance such
as Medicaid. Although this problem will be
somewhat alleviated by the implementation of
the Affordable Care Act, care for some of these
patients will remain fragmented and difficult to
obtain as a result of underinsurance or socio-
cultural barriers to care. Improving access for
this population could prevent disability and pre-
mature death and could provide an important
policy model for future efforts to improve health
and reduce costs byprovidingearly-stage care for
chronic diseases.

Study Data And Methods
We constructed a model of chronic hepatitis B
care that was based on current clinical decision-
making algorithms. Our model included a fixed
population of people with chronic hepatitis B in
a finite number of discrete health states, called

Markov states. Markov-state transition models
provide a more realistic approximation of out-
comes and costs than static models can provide.
Transition rates from one state to another were
informed by a literature search on the natural
history, epidemiology, and treatment of hepati-
tis B.6,16–20,23–28

Themodel projected and compared outcomes,
costs, and quality-of-life estimates over twenty
years by running repeated simulations. Simula-
tions were randomly selected for two different
scenarios: (1) the late care group, in which peo-
ple received no treatment (and accrued no costs)
until they became seriously ill with hepatocellu-
lar carcinoma or decompensated cirrhosis (a
condition in which liver scarring is severe
enough to result in serious symptoms, including
liver failure); and (2) the early care group, in
which all individuals were monitored, and any
meeting criteria for drug treatment received it.
All hepatitis B–related costs were included.
More detailed information on model assump-

tions and specifications can be found in the on-
line Appendix.29

Initial Health States People in the model
were initially divided into one of several discrete
health states. These states equated to baseline
health states found among people newly diag-
nosed with chronic hepatitis B infection in
large-scale community screening campaigns.
These broad community samples more accu-
rately reflect the conditions in the population
than do those from cases referred to specialists,
which are typically more advanced.30,31

The health states were categorized by four
viral-load ranges for peoplewhodidnot yet show
signsofdisease andby fourmajorcomplications.
The complications we considered were cirrhosis
that was “compensated,” in which the person
had sustained liver damage but did not yet show
symptoms and could recover with treatment; de-
compensated or late-stage cirrhosis accompa-
nied by other medical complications; hepatocel-
lular carcinoma, or liver cancer; and post–liver
transplant, representing the lifetime manage-
ment required by patients who received a
new liver.
Treatment Assumptions And Transition

Probabilities People in the model moved
among the health states each year according to
probabilities of transition that were drawn from
published reports. Transition probabilities de-
pendedonwhether patientswere receiving treat-
ment. Patientswith ahigher viral loadweremore
likely to transition to complications.16 Some of
these patients might also progress to death from
non–hepatitis B causes, at rates based on overall
mortality for a given age group in the general
population.32
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In the early care scenario, patients received
antiviral drugs in accordance with a simplified
programof treatment that combined recommen-
dations from several recently published guide-
lines, which describe when treatment with anti-
viral drugs should begin (based on viral-load
ranges), how to manage resistance to drugs,
andwhat further treatments are needed for com-
plications.19,33 People can transition to healthier
states, a much more likely outcome for those in
this scenario than among late care individuals
who do not receive drug treatment.15,16,25,26

Because of the wide variety of antiviral drugs
currently used to treat chronic hepatitis B, we
used theoretical drugswith ratesof response that
could be reasonably expected from the best treat-
ment available today. This theoretical treatment
profile included a first-line drug with a high
barrier to resistance and a second drug for those
who did not respond to the first drug.34–37

We assumed that no individuals had received
treatment for their infection at the onset of the
simulation. Drug resistance was assumed to be
limited to those who failed the first-line treat-
ment.We also assumed that those eligible would
receive the indicated care. This was a necessary
simplification because availability is no guaran-
tee of adherence to interventions, even among
people who have adequate health coverage and
particularly those with chronic, often asympto-
matic conditions such as hepatitis B.
Early diagnosis of hepatocellular carcinoma

increases one’s eligibility for life-extending
treatments and procedures.20,27,38 Thus, the
model assumed that patientswith hepatocellular
carcinoma in the early care group were more
likely than those in late care to be diagnosed
early and to qualify for either a transplant or
one of the other measures.39 People whose im-
mune systems successfully cleared their infec-
tion, permanently eliminating the hepatitis B
surface antigen from their blood, and people
who died remained permanently in those states
for the rest of the time the model ran.
Cost-Effectiveness Assumptions Costs for

drugs were estimated based on current whole-
sale costs and Medicaid reimbursement rates;
other costs were based on a literature review
(Exhibit 1).20,21,24,38–43 The perspective of the cost
analysis was that of the US public health system;
the costs tallied represented the total cost of care
for a given individual and did not distinguish
among different payers.We noted that many un-
insured people have some access to medical ser-
vices and that some costs ofmajor complications
would probably be covered by patients them-
selves. These out-of-pocket expenses could be
considered a part of the societal perspective of
our analysis.

On the other hand, this evaluation did not
incorporate indirect costs, such as lost wages
due to illness or death, even though each healthy
life-year gainedwas associatedwith an economic
gain to society as awhole. All costs were adjusted
to 2008 dollars where possible. To arrive at a
number representing the present value of future
costs,weused thestandarddiscount rateof3per-
cent per year.44

The effectiveness of providing early care was
measured in quality-adjusted life-years (QALYs),
a unit that both captures the life-years gained by
a particular intervention and evaluates the qual-
ity of life experienced in each disease state. We
gave perfect health a value of 1, and death a value
of 0. Each disease state in the model had a QALY
value between 0 and 1 (Exhibit 2) that was based
on values obtainedby the standard gamblemeth-
odology in hepatitis C patients.24,45 A gain in
QALYs therefore represented a reduction in both
the morbidity and the mortality associated with
hepatitis B.
Average QALYs were determined for both sce-

narios at five, ten, fifteen, and twenty years from
initial diagnosis. Cost-effectiveness models typ-
ically include health and cost effects that accu-
mulate after the intervention is stopped. How-
ever, our approach allowed us to report what
could be achieved at the end of each five-year
period. Indirect costs, such as those associated
withwage losses due to illness or death, were not
calculated. The QALYs gained by coverage were
not assigned a specific dollar value. Results were
presented as dollars perQALYgained, represent-
ing the additional cost to the health system for
each additional QALY achieved by a given inter-
vention, and were also discounted at 3 percent
per year.

Results
Our results showed that providing early care
helps prevent long-term health problems even
within a short time frame. Because most serious
outcomes of hepatitis B infection usually take
years to manifest, the health benefits associated
with averting these problems increase over time.
As shown in Exhibit 3, the proportion of pa-

tients with resolved infections or low viral loads
was 52.5 percent in the late care scenario and
80.0 percent in the early care scenario after just
five years of treatment or lack of treatment, ac-
cording to the rules of the scenario. Meanwhile,
the proportion of patients facing serious compli-
cations—decompensated cirrhosis, hepatocellu-
lar carcinoma, or transplant—fell from 1.2 per-
cent at three years to 0.7 percent after twenty
years in early care. This proportion was higher
in late care than early care after just three years

Early Intervention
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and grew continually, despite extensive attrition
from mortality.
Over twenty years, the average annual inci-

dence, or number of new cases, of hepatocellular
carcinoma—one of the most severe and expen-
sive complications of chronic hepatitis B—was
572 per 100,000 chronically infected people in
the late care scenario, versus just 194 per
100,000 in early care.
Providing early care also greatly reduced mor-

tality rates (Exhibit 4). After just five years, ac-
cording to the model, cumulative mortality for
these identical populations diverged greatly:
Rates per 100,000were 2,094 in late care, versus
1,628 in early care. After twenty years the cumu-
lative mortality rates were, respectively, 20,730
and 11,606 per 100,000.

Costs And Cost-Effectiveness Costs for late

care increased steadily from a cumulative aver-
age of $1,100 per person after three years to
$10,735 after twenty years (see the Appendix).29

Early care did not become cost saving over this
time frame, but the annual cost of care decreased
from year to year in the early care scenario,
whereas it increased in the late care scenario.
We used cost-effectiveness analysis to evaluate

the health gains resulting from the additional
spending associated with expanding coverage.
For early care compared to late care, the cost
per QALY gained decreased dramatically, from
$68,300 after five years to $5,184 after twenty
years. In general, interventions that cost less
than $50,000 per QALY gained are considered
cost-effective in the United States. Thus, even
after roughly five years, the early care scenario
could be considered quite cost-effective. Cost-

Exhibit 1

Costs Used In Model Calculations, Study Of Health Outcomes, Costs, And Cost-Effectiveness Of Providing Comprehensive
Early Treatment And Care For People With Hepatitis B

Item Cost, $ (range in sensitivity analysis)

Outpatient visit 80 (60–100)

Diagnostic and monitoring tests
Hepatitis B virology 178 (100–250)
Alpha-fetoprotein 20 (10–30)
Standard lab tests 30 (15–45)
Detailed lab tests 250 (150–350)
Abdominal ultrasound 200 (100–300)

Drug treatment (per year)
Initial treatment 5,000 (1,000–7,000)
Salvage treatment 6,000 (1,500–8,000)

Decompensated cirrhosis (per year) 30,571 (10,000–50,000)
HCC procedures (composite) 11,175 (8,500–20,000)
HCC remission monitoring (per year) 4,500 (3,000–6,000)
HCC relapse/terminal care (per year) 45,323 (30,000–60,000)
Liver transplant 137,918 (100,000–150,000)
Post–liver transplant care (per year) 24,065 (10,000–40,000)

SOURCES Notes 20, 21, 24, 39, 40, 43, and 44 in text. NOTE HCC is hepatocellular carcinoma.

Exhibit 2

Annual Quality-Of-Life Values Assigned For Each Health State, Among People With Hepatitis B

Health state Quality-of-life value (range in sensitivity analysis)

s-antigen-negative, e-antigen-negative, or treatment response 1 (0.85–1)
Hepatitis B infection, no cirrhosis 0.99 (0.60–1)

Compensated cirrhosis 0.80 (0.70–0.90)
Decompensated cirrhosis 0.60 (0.50–0.70)

HCC remission 0.73 (0.60–0.80)
HCC failure 0.60 (0.50–0.70)

Post–liver transplant 0.86 (0.80–0.90)
Death 0

SOURCE Note 45 in text. NOTES A value of 1 represents a state equivalent to full health (and full quality of life). A value of 0 represents
death. All intervening values are estimates of the quality of life associated with a given health state. HCC is hepatocellular carcinoma.
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effectiveness results are summarized in
Exhibit 5.
Sensitivity Analysis To test the sensitivity of

the results to key assumptions made in the
model, including those for which evidence was
mixed or controversial, we performed a one-way
sensitivity analysis. Only four variables led to a
significant (more than 30 percent) change in the
baseline cost-effectiveness, but none changed

the final cost-effectiveness result by more than
a few thousand dollars. All values comparing
early care and late care remained highly cost-
effective. These results suggest that the model,
although somewhat sensitive to certain inputs,
robustly captured a rough measure of overall
cost-effectiveness.Moredetails on the sensitivity
analysis are available in the Appendix.29

Exhibit 3

Distribution Of Health States Among People With Hepatitis B, By Years After Diagnosis

Death

Decompensated cirrhosis,

hepatocellular carcinoma,

or liver transplant

High viral load or

compensated cirrhosis

Resolved infection or

response to treatment
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Late care Early care

Pe
rc

en
t

Years

SOURCE Authors’ model results.

Exhibit 4

Cumulative Deaths Per 100,000 People With Hepatitis B, By Years After Diagnosis
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SOURCE Authors’ model results.
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Discussion
This study demonstrates that the implementa-
tion of current clinical guidelines for the treat-
ment of chronic hepatitis B infection (prior to
the manifestation of late-stage complications)
would be expensive but would decrease morbid-
ity, save lives, andbe cost-effective over as short a
period as ten years. In addition to generating
substantial health status gains, our results indi-
cate that providing appropriate early care for
chronic hepatitis B can be highly cost-effective
compared to providing treatment only for seri-
ous hepatitis B–related illnesses, asmoney spent
onearly-stage treatmenthelpsprevent expensive
complications.
This investment in early-stage treatment

wouldprobablyhavemuchgreater cost-effective-
ness or even cost savings, given that eachhealthy
life-year gained is associated with a substantial
indirect benefit to society as a whole in the form
of increased social and economic productivity.
Bymaking it possible to evaluate awide variety

of treatment scenarios among different target
populations, thismodel provides a tool for evalu-
ating changes in both treatment recommenda-
tions andhealth care coverage policy options.We
believe that it could serve as a useful tool for
investigating the potential impact of future pol-
icy decisions by public and private entities re-
garding hepatitis B–related coverage. The mod-
el’s dynamic nature means that it can be easily
updatedwith data on the epidemiological impact
and costs of interventions for early-stage disease
or for major complications as new information
becomes available.
Ensuring true universal access to care would

be themost effective andefficientway to improve
long-term health outcomes of people with
chronic hepatitis B. However, even with the
March 2010 enactment of the Affordable Care
Act, access to adequate chronic disease manage-
ment may remain fragmented and challenging
for the population most affected by chronic hep-
atitis B, which includes many recent immigrants

and other socially vulnerable people.
Although the health reform law when fully

phased in will expandMedicaid eligibility, many
people will still not qualify. Even with newly
available subsidies, they might not be able to
afford to purchase a private health insurance
policy that provides adequately for their needs
as they face a complicated chronic illness.Health
insurance companies havewide discretion in the
services they provide, and they might not neces-
sarily elect to pay for the early treatment of hep-
atitis B without estimates of the costs and bene-
fits of such care.
Our model assumed knowledge of hepatitis B

infection at the outset. However, it is estimated
that fewer than one-third of infected people are
aware of their infection, andmany who are diag-
nosed do not have their care managed appropri-
ately.22 Even with improved access to health ser-
vices, the thousands of US residents who do not
know of their infection would essentially con-
tinue to live out a late care scenario.
To achieve the benefits of early care, it is criti-

cal that people be screened for hepatitis B infec-
tion. Although virtually all pregnant women in
the United States receive this screening, there is
no comprehensive source of screening for other
at-risk groups, although scattered community-
based screening programs exist.31,46 A recent
study indicated that universal screening of at-
risk populations, along with targeted vaccina-
tion and access to treatment, could be highly
cost-effective public health measures.47 The Cen-
ters for Disease Control and Prevention (CDC)
has recently issued broader and more forceful
recommendations for routine hepatitis B screen-
ing to include awider range of at-risk groups and
referral to care for those who are infected.8

We anticipate that greater attention to hepati-
tis B screening will help highlight the need for
improved access to treatment. Given that screen-
ing is likely to become more widespread, we an-
ticipate a parallel need for better access to treat-
ment, if only to prevent an ethically untenable

Exhibit 5

Incremental Cost-Effectiveness Ratios, Study Of Health Outcomes, Costs, And Cost-Effectiveness Of Providing
Comprehensive Early Treatment And Care For People With Hepatitis B

Model run time
(years)

Average QALYs gained in
early care (versus late
care) per person

Additional cost of early
care (versus late care)
per person ($)

Incremental cost-
effectiveness
ratio ($ per QALY)

5 0.05 3,415 68,300
10 0.22 4,291 19,505
15 0.47 4,495 9,564
20 0.79 4,096 5,184

SOURCE Authors’ analysis. NOTES Values represent additional costs and gained QALYs in early care versus late care at four different
time endpoints. Incremental cost-effectiveness improved over time. QALY is quality-adjusted life-year.
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scenario in which people are informed of their
hepatitis B infection status but have no way to
obtain care.
The federal government has recognized and

taken account of similar issues in the past.
One example is when a screening program for
breast and cervical cancer undertaken by the
CDC led to diagnoses of cancer in many unin-
sured patients who then lacked access to treat-
ment. In response, the Breast and Cervical
Cancer Prevention and Treatment Act of 2000
allowed states to expand Medicaid coverage for
women screened through this program regard-
less of additional costs—anoption thatwasbeing
implemented by all fifty states within three years
of the law’s passage.48 The results from our
model demonstrate the critical importance of
linking hepatitis B screening to access to care
and treatment, in order to achieve maximal
health gains.

Because we now have a better understanding
of the natural history of chronic hepatitis B in-
fection and have newer, more potent and effec-
tive treatments, we have the opportunity to re-
duce long-term morbidity and mortality from
this infection. Obtaining the greatest benefits
and cost savings from a societal perspective
can come about only by expanding access to care
and coverage for chronic hepatitis B, increasing
the possibility of adequate disease management
through early-stage treatment.
Our model predicts that this improvement in

access would not only decrease morbidity and
save lives but would also be highly cost-effective
in the long term. The model provides a potential
tool for evaluating the impact, costs, and bene-
fits of strategies to achieve these goals, and it
could be used to optimize approaches aimed at
correcting this long-standing health disparity. ▪

Preliminary results of this model were
presented at the 135th Annual Meeting
and Expo of the American Public Health
Association (APHA) on November 5,
2007, as Sodhi NK, Peng C, Wan K,
Baker P, Young P, Pollack HJ, “Rationale
for extending Medicaid eligibility to
uninsured persons with chronic hepatitis
B infection,” and at the 137th Annual
Meeting and Expo of APHA on
November 9, 2008, as Post S, Sodhi N,
Peng C, Wan K, Pollack H, “Evaluating

costs and benefits of expanding access
to comprehensive care for chronic
hepatitis B infection.” This study was
funded by grants from the Centers for
Disease Control and Prevention (DP07-
707); Racial and Ethnic Approaches to
Community Health across the US; the
National Center on Minority Health and
Health Disparities (P60 MD000538); the
New York University Center for the
Study of Asian American Health; and
Gilead Sciences. The funders had no role

in the design of the model, analysis, or
decision to publish; or in the
preparation, review, or approval of the
manuscript. The authors thank Jeffrey
Levi of the Trust for America’s Health,
Andrew Hindman and Carol Brosgart of
Gilead Sciences, and Gaylee Morgan and
Jack Meyer of Health Management
Associates for valuable discussions
about strategies for improving access to
care and estimating hepatitis B costs.
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