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ABSTRACT
Background and aims: Despite available effective
therapies, only a minority of patients with chronic
hepatitis B (CHB) receive treatment. Our goal is to
study treatment rates and time to treatment initiation in
patients who meet treatment criteria on long-term
follow-up.
Methods: We performed a retrospective cohort study
of 608 consecutive treatment-eligible patients with CHB
(by 2008 US Panel or 2009 American Association for
the Study of Liver Disease (AASLD) criteria) at a US
community gastroenterology clinic and a university liver
clinic between 2007 and 2011. Patients were observed
until they started treatment or last follow-up if untreated.
Results: Mean age was 44 and most were Asian (96%)
with community patients being younger and having
lower alanine aminotransferase (ALT) levels. A total of
62% started treatment, and 38% remained untreated
after median follow-up of 17 months (IQR=1–
40 months). Overall, treatment rate was significantly
higher at university liver clinic than in the community
(66.7% vs 59.9%, p=0.01). In multivariate analysis,
older age (HR 1.02, p=0.002), male gender (HR 1.37,
p=0.02), and baseline ALT >45 U/L for males and
>29 U/L for females (HR 2.24, p<0.0001) were
significant predictors of treatment initiation, but not
practice setting.
Conclusions: Approximately 40% of treatment-eligible
patients still have not started treatment on longer
follow-up. Treatment rates were higher at university
clinics, but practice setting was not a predictor for
treatment, but older age, male gender, and higher ALT
levels were. Further studies are needed to determine the
barriers for treatment initiation and to improve treatment
rates in treatment-eligible patients.

INTRODUCTION
Chronic hepatitis B (CHB) affects approxi-
mately 350–400 million people worldwide,
and can lead to complications such as

cirrhosis, hepatic decompensation, and
hepatocellular carcinoma (HCC).1–3

Individuals who are chronically infected
with hepatitis B virus (HBV) face a 25%
risk of death from cirrhosis or HCC.4–6

Each year, one million people die from
HBV-related causes worldwide.3

In the USA, the overall CHB prevalence is
0.3% with an estimated 1.25 million hepatitis
B carriers.1–3 However, this number is

Summary box

What is already known about this subject?
▸ Antiviral therapy has been shown to halt the pro-

gression of liver disease and the progression of
hepatocellular carcinoma in patients with
chronic hepatitis B.

▸ Despite the availability of effective therapies,
only a small proportion of chronic hepatitis B
patients receive treatment.

▸ It is unclear how likely patients who are eligible
for treatment actually receive treatment.

What are the new findings?
▸ In this current study of approximately 600

treatment-eligible chronic hepatitis B patients,
we found that only 62% of patients received
treatment.

▸ Patients who were seen at a university liver
clinic were more likely to receive treatment than
patients seen at a community gastroenterology
clinic.

▸ Most patients who received treatment started
within the first year of meeting treatment
criteria.

How might it impact on clinical practice in
the foreseeable future?
▸ The low treatment rate highlights the need for

increased education of chronic hepatitis B for
physicians and patients.
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considered to be an under-estimate of the true preva-
lence of HBV in the USA.5–7 Some estimate that there
are as many as 2 million carriers when accounting for
the high prevalence of HBV in immigrant populations,
which are often under-represented.3 5 Prevalence of
HBV infection among Asian-Americans is reported to be
between 10% and 15%,5 7 and in areas with a large pro-
portion of immigrants, almost 85% of all HBV cases are
Asian.8 HBV is responsible for approximately 5000
deaths and $1 billion in medical costs in the USA each
year.3 5 7 Early initiation of anti-HBV therapy can poten-
tially reduce the number of deaths and the financial
burden caused by HBV.
Antiviral therapy has been shown to slow or halt the

progression of liver disease and the development of
HCC by suppressing viral replication.9–12 Treatment
guidelines and algorithms have been developed by
various professional societies to aid physicians in the
evaluation and treatment of patients with CHB.13 14

However, even with the aid of these guidelines, only
50 000 of the estimated 2 million patients with CHB in
the US have received anti-HBV therapy.15 Prior studies
have reported that only some patients with CHB
undergo appropriate evaluation with the appropriate
testing, such as hepatitis B envelope antigen (HBeAg)
and HBV DNA in addition to hepatitis B surface antigen
and alanine aminotransferase (ALT) levels, and only
some of the patients who meet treatment guideline cri-
teria for antiviral therapy after the initial evaluation are
treated.15–17 It is unclear how likely such patients who

meet treatment criteria for antiviral therapy may actually
receive treatment on longer follow-up.
The primary goal of this study was to examine actual

treatment rates of patients with CHB who were
treatment-eligible at a community gastroenterology (GI)
clinic and a university liver clinic in the San Francisco
Bay Area on long-term follow-up. The secondary aim was
to identify predictors of treatment initiation in
treatment-eligible patients with CHB.

METHODS
Study design and data collection
We conducted a retrospective cohort study of 608 con-
secutive patients with CHB who were treatment-eligible
at initial evaluation at a community GI clinic and a uni-
versity liver clinic in the San Francisco Bay Area between
2007 and 2011. Patients were identified via computer
query using International Classification of Diseases 9
codes, and treatment eligibility was based on the US
Panel 2008 (US Panel) and the American Association
for the Study of Liver Disease (AASLD) 2009 guide-
lines.18 19 Patients were seen by gastroenterologists or
hepatologists, and treatment decisions were made dir-
ectly by these providers. Providers used clinical and
laboratory data, including Fibroscan, liver biopsy, and
serum markers, to determine the need for therapy.
There were no mid-level providers, such as physician
assistants or nurse practitioners, involved in the care of
these patients in any of these clinics.

Figure 1 Flow diagram for

patients with chronic hepatitis B

who were evaluated for treatment

initiation. HBV, hepatitis B virus.
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Patients were included in the cohort if they were treat-
ment naïve at first presentation and had at least
6 months of follow-up. Data were collected from individ-
ual patient electronic medical records using a case
report form. Clinical and laboratory data available
during the first 6 months of initial visit were included in
evaluation. Patients who qualified for the study were
observed until they started treatment or until their last
follow-up if they remained untreated. Reasons for non-
treatment of patients were grouped into the following
categories: further observation (which included phys-
ician desire for more data and perceived normal labora-
tory tests); patient decision (which included patient
refusal and patient loss to follow-up); no longer
treatment-eligible; financial difficulties; pregnancy or
future pregnancy; and unknown reasons.
This study was approved by the Institutional Review

Board at Stanford University (Stanford, California,
USA).

Treatment eligibility criteria
Treatment eligibility was based on the US Panel 2008
and the AASLD 2009 guidelines. Patients were consid-
ered treatment-eligible if they met the criteria for either
set of guidelines. US Panel treatment eligibility criteria
include ALT > upper limit of normal (ULN) (30 U/L
for males, 19 U/L for females) and HBV DNA
≥20 000 IU/mL for HBeAg-positive patients and HBV
DNA ≥2000 IU/mL for HBeAg-negative patients.
AASLD treatment eligibility criteria include ALT >2x
ULN and HBV DNA >20 000 IU/mL, regardless of
HBeAg status. For patients with compensated cirrhosis,
treatment eligibility is based on only HBV DNA levels.
According to the US Panel and the AASLD, patients
with compensated cirrhosis are treatment-eligible if HBV
DNA is ≥2000 IU/mL or >2000 IU/mL, respectively.
Patients with decompensated cirrhosis are eligible for
treatment if they have any detectable HBV DNA level.

Statistical analysis
Descriptive statistics were reported as proportions (%)
for categorical variables, and mean±SD or median

(range) for continuous variables. Categorical variables
were evaluated using the χ2 test; normally distributed
continuous variables were evaluated using the student
t test; continuous variable that were not normally distrib-
uted were evaluated using the Wilcoxon rank-sum test.
Univariate and multivariate Cox proportional-hazards
regression models were used to estimate HRs relating
various predictors to outcomes of initiating antiviral
therapy. A two-tailed p value of ≤0.05 was considered sig-
nificant. All statistical analyses were performed using
STATA V.11 (STATA Corporation, College Station, Texas,
USA).

RESULTS
A total of 608 patients with CHB from a community GI
clinic and a university liver clinic were included in this
study (figure 1). Patients had a mean age of 44 years,
were more commonly male (57%), and were almost all
Asian (96%). The vast majority (89%) of our Asian
patients were either Vietnamese or Chinese. Compared
to the university clinic group, the community clinic
group included significantly more Asians (99.8% vs
86.4%, p<0.0001), had more male patients (60% vs 49%,
p=0.02), were more likely to be HBeAg-positive (36% vs

Table 1 Patient baseline characteristics

Total cohort

(n=608)

Community GI clinic

(n=446)

University liver clinic

(n=162) p Value

Mean age (years) 44±13 43±13 45±14 0.19

Male 56.9% 59.6% 49.4% 0.02

Asian 96.2% 99.8% 86.4% <0.0001

HBeAg-positive 32.5% 35.9% 24.2% 0.01

Baseline ALT, U/L 47 (34–78) 45 (32–77) 51 (25–78) 0.02

Baseline HBV DNA, log10 IU/mL 5.3 (4.2–7.3) 5.3 (4.4–7.1) 5.0 (4.0–7.5) 0.07

Cirrhosis 6.9% 5.4% 11.1% 0.01

Months to treatment initiation 2 (1–7) 2 (1–8) 1 (1–3) 0.002

Follow-up of untreated patients 17 (1–40) 13 (1–40) 21 (2–40) 0.36

Values are presented as mean±SD, proportions, or median (IQR).
ALT, alanine aminotransferase; GI, gastroenterology; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.

Figure 2 Reasons for non-treatment of treatment-eligible

patients on long-term follow-up.
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24%, p=0.01), and had significantly lower baseline ALT
(45 vs 51 U/L, p=0.02) (table 1).
In total, 62% of patients received treatment and they

did so after median follow-up of 2 months (IQR=1–7
months), but 38% remained untreated after longer
follow-up (median=17 months (IQR=1–40 months)).
Reasons for no treatment are shown in figure 2. The
physician’s desire for further observation was the most
frequently cited reason for non-treatment (42.9%), fol-
lowed by the patient’s decision not to pursue treatment
(24.5%). Patients who started treatment were more
likely to be male (61% vs 50%, p=0.01), older (45 vs 41,
p<0.00 001), have cirrhosis (8.8% vs 3.9%, p=0.02), and
had significantly higher baseline ALT (57 vs 38 U/L,
p<0.00001) and higher baseline HBV DNA (5.8 log10 vs
4.8 log10 IU/mL, p<0.00001) than patients who
remained untreated (table 2).
Of the 375 patients who received treatment, 84%

were treated within their first year (median=1 month,
IQR=1–3 months) of becoming treatment-eligible.
Table 3 compares the characteristics of patients who
received treatment within 1 year of becoming
treatment-eligible to patients who received treatment
after 1 year of becoming eligible. Baseline ALT was sig-
nificantly higher in patients who started treatment in
the first year of eligibility (61 vs 38, p<0.00001).
Patients seen at the university clinic were more likely

to be treated than patients at the community GI clinic
(66.7% vs 59.9%, p=0.01). Figure 3 compares the rates
of treatment at the two sites over time. Treatment rate
within the first year of treatment eligibility was

significantly higher at the university clinic than at the
community clinic (60% vs 49%, p=0.02). Community
and university patients who were treated within 1 year of
becoming treatment eligible had similar baseline ALT,
but community patients were more likely to be male
(65% vs 54%, p=0.05), Asian (99.5% vs 88.7%,
p<0.0001), HBeAg-positive (46% vs 22%, p<0.0001), and
had significantly higher baseline HBV DNA (6.1 log10 vs
5.5 log10 IU/mL, p=0.03) (table 4). Table 5 compares
patients who received treatment after 1 year of becoming
treatment eligible at the two sites. Baseline ALT was sig-
nificantly higher in patients at the university clinic than
at the community clinic (52 vs 34 U/L, p=0.01).
On multivariate analysis, older age (HR 1.02,

p=0.002), male gender (HR 1.37, p=0.02), baseline ALT
>45 for males and >29 for females (HR 2.24, p<0.0001),
higher HBV DNA (HR 1.11, p=0.05), and cirrhosis (HR
1.65, p=0.04) were significant independent predictors of
treatment initiation overall. Practice setting was not a
predictor (table 6). Significant independent predictors
for treatment initiation within the first year of treatment
eligibility were older age (HR 1.02, p=0.003), male
gender (HR 1.42, p=0.02), and baseline ALT >45 U/L
for males and >29 U/L for females (HR 2.77, p<0.0001),
but practice setting was not (table 7).

DISCUSSION
While treatment of CHB can decrease the risk of disease
progression and HCC development, the treatment rate
of patients who meet treatment eligibility criteria is quite

Table 2 Characteristics of patients who were treated and not treated

Total (n=608) Treated (n=375) Not treated (n=233) p Value

Mean age (years) 44±13 45±13 41±13 0.0001

Male 57% 61% 50% 0.01

Asian 96% 97% 96% 0.60

HBeAg-positive 33% 36% 28% 0.04

Baseline ALT, U/L 47 (34–78) 57 (38–96) 38 (27–50) <0.00001

Baseline HBV DNA, log10 IU/mL 5.3 (4.2–7.3) 5.8 (4.6–7.4) 4.8 (4.0–6.8) <0.00001

Cirrhosis 6.9% 8.8% 3.9% 0.02

Values are presented as mean±SD, proportions, or median (IQR).
ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.

Table 3 Characteristics of patients who received treatment by 12 months of eligibility and after 12 months of eligibility

Total treated

(n=375)

Treated by 12 months

(n=316)

Treated after 12 months

(n=59) p Value

Mean age (years) 45±13 45±13 45±12 0.85

Male 61.1% 61.7% 57.6% 0.56

Asian 96.5% 96.2% 98.3% 0.42

HBeAg-positive 35.9% 37.5% 28.8% 0.21

Baseline ALT, U/L 57 (38–96) 61 (41–104) 38 (27–52) <0.00001

Baseline HBV DNA, log10 IU/mL 5.8 (4.6–7.4) 5.9 (4.6–7.5) 5.2 (4.7–7.1) 0.45

Cirrhosis 8.8% 9.8% 3.4% 0.11

Values are presented as mean±SD, proportions, or median (IQR).
ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.
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poor with only one-half to two-thirds actually receiving
treatment.20–23 Results from prior studies are limited by
small sample size, lack of follow-up, and/or lack of prac-
tice setting diversity. In addition, according to a recent
systematic review of barriers to care and treatment for
patients with CHB in Europe, most studies do not
provide detailed treatment data or treatment eligibility
data; and when available, the data suggest that some
patients may have been initiated on therapy inappropri-
ately, thus true treatment rate in treatment-eligible
patients may even be lower than perceived.24

In our current study of 608 patients with median
follow-up of approximately 1½ years from community
and university practices, a total of 62% of patients
received therapy after becoming treatment-eligible. The
most frequently cited reason for non-treatment was the
treating physician’s desire for further observation
(43%). Another common reason for non-treatment in
this study was the patient’s decision not to pursue treat-
ment (25%). It appears that the factors for non-
treatment are both at the provider and patient levels.

Other studies have identified potential physician-factors
and patient-factors that range from inadequate screen-
ing practice for HBV infection to suboptimal manage-
ment of patients with known CHB.15–17 20–22 In a review
by Cohen et al,15 the authors postulate that suboptimal
screening of at-risk patients is an important barrier to
receiving appropriate medical care. Supporting this
theory is a survey-based study by Kallman et al25 that
showed only 58% of primary care physicians and 81% of
gastroenterologists were aware of professional guidelines
for the management of patients with CHB. In another
survey-based study, Chao et al26 found that physicians at
multiple levels of training, from recent medical gradu-
ates to attending physicians, did not have adequate
knowledge of screening and managing patients with
CHB—only 24% of the physicians were able to identify
the correct serological tests to screen for CHB, and only
13% knew the appropriate next steps to refer patients
who tested positive for HBV. Meanwhile, studies have
also shown that patients have very limited knowledge of
their disease and the treatment options available.27–30

Figure 3 Treatment rates in

patients who were

treatment-eligible at a community

GI clinic and a university liver

clinic through 4 years.

Table 4 Characteristics of patients who received treatment by 12 months of eligibility at a community GI clinic and a

university liver clinic

Total treated by 12 months

(n=316)

Community GI clinic

(n=219)

University liver clinic

(n=97) p Value

Mean age (years) 45±13 44±13 47±13 0.06

Male 61.7% 65.3% 53.6% 0.05

Asian 96.2% 99.5% 88.7% <0.0001

HBeAg-Positive 37.5% 45.7% 22.3% <0.0001

Baseline ALT, U/L 61 (41–104) 61 (41–106) 60 (42–102) 0.95

Baseline HBV DNA, log10
IU/mL

5.9 (4.6–7.5) 6.1 (4.8–7.4) 5.5 (4.0–7.6) 0.03

Cirrhosis 9.8% 9.1% 11.3% 0.54

Values are presented as mean±SD, proportions, or median (IQR).
ALT, alanine aminotransferase; GI, gastroenterology; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.
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What these findings highlight is the need for increased
education of CHB for both physicians and patients on a
greater scale, since several studies have demonstrated
the effectiveness of this strategy in targeted popula-
tions.25 29–33

In regards to appropriate linkage to care of patients
who have been screened and diagnosed with HBV infec-
tion, prior studies have also shown that there are barriers
at various stages, from the suboptimal evaluation of newly
diagnosed patients to the under-treatment of patients
who have undergone treatment evaluation and have met
criteria for anti-HBV therapy.8 21 34 35 For example, in a
study conducted by Juday et al,36 the authors found that
only 35% of untreated patients with CHB received labora-
tory monitoring of HBV DNA and ALT levels at least
once every year. This could likely lead to an underesti-
mate of untreated patients who are eligible for antiviral
therapy. When comparing treatment rates between clin-
ical settings, patients seen in the university were more
likely to be treated than patients at the community GI
clinic (67% vs 60%, p=0.12). This difference in treatment
rates could be due to the larger number of patients with
advanced liver disease seen in the university versus the
community GI clinic, as indicated by the significantly
higher baseline ALT levels (51 vs 45, p=0.02) and a
higher proportion of patients with cirrhosis seen at uni-
versity clinics (11.1% vs 5.4%, p=0.01).

In the current study, for patients who received treat-
ment, 84% started within the first year of becoming
treatment-eligible. Compared to patients who received
treatment after 1 year, these patients had significantly
higher ALT at baseline (61 vs 38 U/L, p<0.00001). On
multivariate analysis, elevated baseline ALT was also a sig-
nificant independent predictor of treatment within the
first year of eligibility and for treatment overall. Both
physicians and patients could have perceived the higher
ALT to be a more urgent indication of significant
hepatic damage and more serious illness, leading
patients to start treatment on shorter follow-up. Since
ALT fluctuates over time, patients who meet treatment
criteria but are reluctant to start anti-HBV therapy
should be monitored more closely. The appearance of
high ALT elevation may encourage both physicians and
patients to recognise the disease severity and become
more receptive or proactive with treatment initiation.
Even patients who do not meet treatment criteria within
the first 6 months of presentation can become
treatment-eligible on longer follow-up (20%).37

While this study is the first of its kind to examine
actual treatment rates in patients who are eligible for
treatment with longer follow-up and in diverse practice
settings, it has some limitations. First, the majority of
patients included in this study are Asians, so our find-
ings may not be generalisable to other ethnic groups.

Table 5 Characteristics of patients who received treatment after 12 months of eligibility at a community GI clinic and a

university liver clinic

Total treated after 12 months

(n=59)

Community GI clinic

(n=48)

University liver clinic

(n=11)

p

Value

Mean age (years) 45±12 45±12 46±15 0.84

Male 57.6% 64.6% 27.3% 0.02

Asian 98.3% 100.0% 90.9% 0.04

HBeAg-Positive 28.8% 31.3% 18.2% 0.39

Baseline ALT, U/L 38 (27–52) 34 (25–46) 52 (44–54) 0.01

Baseline HBV DNA, log10
IU/mL

5.2 (4.7–7.1) 5.3 (4.8–7.4) 4.8 (4.3–5.8) 0.14

Cirrhosis 3.4% 2.1% 9.1% 0.25

Values are presented as mean±SD, proportions, or median (IQR).
ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.

Table 6 Predictors of treatment in patients who were treatment-eligible

Unadjusted HR (95% CI) p Value Adjusted HR (95% CI) p Value

Age 1.01 (1.00 to 1.02) 0.002 1.02 (1.01 to 1.03) 0.002

Male 1.33 (1.07 to 1.64) 0.01 1.37 (1.05 to 1.78) 0.02

Non-Asian 0.88 (0.48 to 1.61) 0.69 0.61 (0.27 to 1.35) 0.22

Community Site 0.82 (0.66 to 1.03) 0.09 0.82 (0.62 to 1.10) 0.19

HBeAg-Positive 1.37 (1.09 to 1.73) 0.01 1.19 (0.82 to 1.73) 0.35

Baseline ALT 2.15 (1.68 to 2.75) <0.0001 2.24 (1.66 to 3.04) <0.0001

Baseline HBV DNA 1.14 (1.06 to 1.21) <0.0001 1.11 (1.00 to 1.24) 0.05

Cirrhosis 1.74 (1.21 to 2.51) 0.003 1.65 (1.03 to 2.64) 0.04

Values are presented as median (range).
ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.
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While our study included university and community
clinics, both subspecialty clinics, we did not include
clinics in a primary care setting, where a large propor-
tion of chronically infected patients are seen and where
patients are even more likely to be under-treated.
However, in most urban areas, the vast majority of
patients with CHB probably would at least be referred to
gastroenterologists in their community, and the results
of our study are more likely to reflect the true treatment
rates seen in real-life setting.21 22

In conclusion, in this study of approximately 600 con-
secutive treatment-eligible patients with CHB followed at
two specialty clinics in the San Francisco Bay area,
approximately 4 of 10 patients did not receive anti-HBV
therapy even on longer follow-up. Eligible patients are
more likely to initiate anti-HBV therapy in university
liver clinics than in community GI clinics during the first
year of their follow-up but treatment rates over long-
term follow-up did not differ significantly between the
two practice settings. In both practice settings, higher
ALT level was an independent predictor of higher treat-
ment rates among these treatment-eligible patients, but
it is not clear how much of this influence by ALT levels
is physician driven versus patient driven. However, it
appears that both provider and patient factors contrib-
ute to under-treatment, and educational efforts should
be targeted at both providers and patients. Additional
studies are also needed to better understand the poten-
tial socioeconomic, cultural and medical barriers that
prevent patients who should receive anti-HBV therapy
from actually getting initiated on therapies that may
benefit them, as many of these factors are likely
modifiable.
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