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ABSTRACT

Introduction: Chronic hepatitis B virus (HBV)
infection is associated with significant global
morbidity and mortality. Low treatment rates

are observed in patients living with HBV; the
reasons for this are unclear. This study sought to
describe patients’ demographic, clinical and
biochemical characteristics across three conti-
nents and their associated treatment need.
Methods: This retrospective cross-sectional
post hoc analysis of real-world data used four
large electronic databases from the United
States, United Kingdom and China (specifically
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Hong Kong and Fuzhou). Patients were identi-
fied by first evidence of chronic HBV infection
in a given year (their index date) and charac-
terized. An algorithm was designed and applied,
wherein patients were categorized as treated,
untreated but indicated for treatment and
untreated and not indicated for treatment based
on treatment status and demographic, clinical,
biochemical and virological characteristics (age;
evidence of fibrosis/cirrhosis; alanine amino-
transferase [ALT] levels, HCV/HIV coinfection
and HBV virology markers).
Results: In total, 12,614 US patients, 503 UK
patients, 34,135 patients from Hong Kong and
21,614 from Fuzhou were included. Adults
(99.4%) and males (59.0%) predominated.
Overall, 34.5% of patients were treated at index
(range 15.9–49.6%), with nucleos(t)ide ana-
logue monotherapy most commonly pre-
scribed. The proportion of untreated-but-
indicated patients ranged from 12.9% in Hong
Kong to 18.2% in the UK; almost two-thirds of
these patients (range 61.3–66.7%) had evidence
of fibrosis/cirrhosis. A quarter (25.3%) of
untreated-but-indicated patients were
aged C 65 years.
Conclusion: This large real-world dataset
demonstrates that chronic hepatitis B infection
remains a global health concern; despite the

availability of effective suppressive therapy, a
considerable proportion of predominantly adult
patients apparently indicated for treatment are
currently untreated, including many patients
with fibrosis/cirrhosis. Causes of disparity in
treatment status warrant further investigation.

Keywords: Antiviral treatment; Epidemiology;
Treatment status; Undertreatment

Key Summary Points

Why carry out this study?

Chronic hepatitis B infection is a global
public health problem, with almost 300
million people globally estimated to be
living with the infection in 2016.

The goal of HBV treatment is to improve
patients’ quality of life and survival.

Whilst clinical practice guidelines provide
evidence-based recommendations on
treatment, not everyone who could
benefit is treated.

This study sought to leverage routine
healthcare data to systematically assess
treatment need in chronic HBV patient
populations across three continents.

What was learned from the study?

A considerable unmet need in terms of
undertreatment of chronic HBV infection
was observed, with approximately 20% of
US and UK patients and between 10 and
15% of Chinese patients potentially
undertreated.

Increasing awareness of clinical practice
guidelines and increasing adherence to
treatment may overcome undertreatment
as well as improving patients’ access to
treatment.

As undertreatment correlates with poor
patient outcomes and high societal costs,
earlier therapeutic intervention may be
warranted for patients with chronic HBV
infection.
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INTRODUCTION

As of 2016, approximately 292 million people
worldwide had chronic hepatitis B virus (HBV)
infection [1]. While hepatitis B vaccination has
reduced childhood HBV incidence [2], chal-
lenges remain for access to anti-HBV treatment
for adults and children globally [3]. Without
this, complications of chronic HBV infection
(e.g. cirrhosis, liver decompensation and hepa-
tocellular carcinoma [HCC]) remain a concern,
particularly as they are associated with an
increased death risk and substantial societal and
economic costs [3–5].

Chronic HBV clinical practice guidelines
(CPGs) [6–8] provide evidence-based recom-
mendations on various aspects of patient care,
including screening, diagnosis, surveillance and
treatment [9]. The goal of treatment for chronic
HBV infection is to improve patients’ quality of
life and survival. In the absence of cirrhosis and/
or other clinical indications for therapy (e.g.
chronic HBV reactivation), CPG recommenda-
tions are similar in that routine markers of
infection (hepatitis B surface antigen [HBsAg]),
replication (hepatitis B e antigen [HBeAg] and
HBV DNA) and liver inflammation (alanine
aminotransferase [ALT]) generally govern deci-
sions for further investigation (e.g. biopsy) or
treatment [6–8].

Current CPGs recommend nucleos(t)ide
analogues (NAs) as first-line therapy for chronic
HBV infection because of their tolerability and
efficacy in inhibiting HBV DNA replication.
These agents are suppressive rather than cura-
tive, and treatment duration is typically pro-
longed or indefinite [6, 10]. In a systematic
review and meta-analysis of HBsAg-positive
patients [11], only one quarter were deemed
treatment eligible based on CPGs [6, 8, 10, 12].
Another study demonstrated that only 5% of
diagnosed HBsAg-positive patients were treated
[1, 11, 13]. Consequently, it is necessary to
further quantify undertreatment in chronic
HBV infection to inform on the extent to which
extending treatment eligibility could improve
patient outcomes [14].

The current study sought to generate and
describe standardized data on the demographic,

clinical, biochemical and treatment character-
istics of four retrospective cohorts of US, UK and
Chinese (Hong Kong [HK] and Fuzhou) patients
with chronic HBV infection. An algorithm was
then developed to determine treatment eligi-
bility and associated characteristics.

METHODS

This was a retrospective post hoc cross-sectional
analysis of US, UK and Chinese (HK, and Fuz-
hou) real-world data. An overview of the data
sources and methods applied is provided below,
with additional details provided in the Supple-
mentary Methods.

Data Sources

All data were extracted from healthcare or
insurance databases. For the US cohort, the
subset of Optum’s de-identified Clinformatics�
Data Mart (CDM) Database with laboratory data
was used. Optum’s CDM is derived from a
database of administrative health claims for
members of large commercial and Medicare
Advantage health plans. The UK cohort was
sourced from the National Institute for Health
and Care Research Health Informatics Collabo-
rative (NIHR HIC) Viral Hepatitis Theme Data-
base [15, 16]. The NIHR HIC is a collaboration
between research-active UK National Health
Service (NHS) hospital trusts (i.e. secondary-care
setting only). Anonymized HK data were pro-
vided by the Clinical Data Analysis and
Reporting System, developed by the Hong Kong
Hospital Authority and capturing[ 90% of the
HK population. For Fuzhou, anonymized data
were collected from the National Healthcare Big
Data Platform (Fuzhou), which covers [ 23
million patients (secondary care setting only).

The study sponsor did not have access to
individual patient data for any of the cohorts
and received only summary tables.

Study Population

Study design for each location is described in
Supplementary Fig. 1. Patients in the UK, HK

Infect Dis Ther (2023) 12:2513–2532 2515



and Fuzhou were identified based on HBV-
specific diagnostic codes or laboratory codes/
results in 2015 (UK) or 2017 (HK and Fuzhou);
the first qualifying date in each year defined the
patients’ index date (Table 1). As the UK inclu-
sion criteria did not use diagnostic codes for
chronic disease, additional exclusion criteria
were employed to minimize the inclusion of
cases of acute HBV infection (Table 1). In the
US, patients were identified between 1 January
2010 and 1 January 2016 based on HBV-specific
diagnostic codes; identified patients who were
enrolled on 1 January 2016 were included, with
this forming their disease index date.

A minimum 12-month period of historical
baseline observation was applied in all studies,
with patients aged C 2 years included if they
met this criterion (children\2 years may not
have accrued this observation time at diagno-
sis). The observation period was subsequently
extended to 5 years for HK because of a high
level of missing data at one year. However, a
minimum 12-month baseline period could not
be applied in the UK, and applying this criterion
had little (US and Fuzhou) or no impact (HK) in
the remaining cohorts (Supplementary Table 1).

Demographics (age, sex, ethnicity), clinical
characteristics (coinfections, liver fibrosis, cir-
rhosis, cancer [including HCC], liver trans-
plantation history), laboratory data (HBsAg,
HBeAg, HBV DNA, ALT) and treatment at dis-
ease index were all described. Initial HK findings
revealed that diagnostic codes returned unex-
pectedly low levels of fibrosis and cirrhosis
(0.15% and 2.04%, respectively), based on
5 years of historical data. Post hoc US analyses
revealed 1-year baseline levels of 1.14% and
2.81% for fibrosis and cirrhosis, respectively.
ICD coding was not used in the UK database
and these data were unavailable for Fuzhou.
Accordingly, the fibrosis-4 (FIB-4) index and
aspartate aminotransferase (AST)-to-platelet
ratio index (APRI) scores were calculated to
augment ICD-based diagnoses in all studies,
with fibrosis defined using cut-offs of[0.70
and[ 2.65 for APRI [17, 18] and FIB-4, respec-
tively, and cirrhosis defined using[2.0 and[
3.6, respectively [12, 19].

Treatment Eligibility Algorithm
Derivation and Application

Each study produced a single anonymized
dataset, comprising a count of patients meeting
all possible combinations of age, fibrosis, cir-
rhosis, human immunodeficiency virus (HIV)/
HCV coinfection, hepatitis delta virus (HDV)
infection, HBsAg, HBeAg, HBV DNA, ALT and
treatment status. In HK, this was undertaken on
a random 50% sample of the original dataset to
further ensure patient confidentiality. These
aggregated data outputs were supplied centrally
to GSK where the data were standardized, cate-
gorized and analysed in Statistical Analysis
System (SAS) version 9.4. Patients with missing
HBeAg, HBV DNA and ALT data were assumed
to have negative,\ 2,000 IU/ml and\ 2 upper
limit of normal (ULN), respectively. These
modal values for each variable represented
76.4% (HBeAg), 86.6% (HBV DNA) and 94.0%
(ALT) of values among non-missing
observations.

Children and adolescents (\ 18 years) were
excluded from treatment eligibility assessment
as they are generally ineligible for treatment
[6, 10, 12]. HBsAg-negative patients were also
excluded as their status as ‘true’ patients with
chronic HBV infection was uncertain.
Untreated HBV/HCV coinfected patients with
abnormal ALT values or evidence of fibro-
sis/cirrhosis at index were also excluded as the
aetiology of the liver damage was deemed
undeterminable. Eligible patients were subse-
quently classified as ‘treated’, ‘untreated-but-
indicated’ or ‘untreated-and-not-indicated’ as
per Table 2. Patients in the latter two groups
were further classified into chronic HBV disease
phases based on their HBeAg status [6]. Finally,
patients’ input data were categorized by treat-
ment categories to inform on factors that might
drive clinicians’ treatment decisions in each
location: for example, the risk of being
untreated but indicated for patients with a his-
tory of fibrosis/cirrhosis was calculated relative
to those patients with no fibrosis/cirrhosis his-
tory and the data presented graphically with
95% confidence intervals (CIs).

2516 Infect Dis Ther (2023) 12:2513–2532



Table 1 Inclusion and exclusion criteria for the US, UK, Hong Kong, and Fuzhou – at least one inclusion criterion must
be met from the table for the patient to be included in the location

United States United Kingdom Hong Kong Fuzhou, China

Inclusion

criteria

C 1 diagnostic code for

chronic HBV infection

between 2010 and

January 1, 2016, or C 2

diagnostic codes for

acute HBV [23]a

1 chronic code or 2 acute

codes separated

by C 6 months

2 positive HBsAg

tests C 6 months apart,

with C 1 positive test

result occurring in 2015

1 positive HBsAg plus 1

positive HBV

DNA C 6 months later,

with C 1 positive HBV

DNA test result

occurring in 2015

1 positive HBsAg test

occurring in 2015, only

if acute HBV can be

actively excluded

C 1 diagnostic code

for chronic HBV

infection in 2017, or

C 2 diagnostic codes

for acute HBV in

2017

1 positive HBsAg test

result occurring in

2017

C 1 diagnostic code for

chronic HBV infection,

or C 2 diagnostic codes

for acute HBV infection

[20]

2 acute codes separated

by C 6 months,

with C 1 occurring in

2017

2 positive HBsAg tests, at

least C 6 months apart,

with C 1 occurring in

2017

Positive HBsAg plus

positive HBV

DNA C 6 months later

in untreated patients,

with C 1 occurring in

2017

1 positive HBsAg plus

alpha-fetoprotein protein

screening for

HCC ± any diagnostic

imaging for

HCC C 6 months later,

with C 1 occurring in

2017

Infect Dis Ther (2023) 12:2513–2532 2517



Data Analysis

All analyses were descriptive. Relative frequen-
cies were calculated for categorical variables,
while means ± standard deviation (SD), ranges
and median values with interquartile range
were calculated for continuous variables; 95%
CIs for proportions—reported in square paren-
theses in this manuscript—were calculated as
p ± (1.96*(H((p*(1-p))/N)), where p equalled
the sample proportion and N equalled the
sample size. If p*N or (1-p)*N was\ 10 then
exact CIs were calculated using Stata 14.1 (Sta-
taCorp, College Station, TX, USA).

Ethics

The studies complied with all applicable laws
regarding patient privacy. Ethical approval and

informed consent were not required for the
analysis of the Health Insurance Portability and
Accountability Act (HIPAA)-compliant US data.
Over-arching ethical approval for the UK database
(REC reference 15/SC/0523) facilitated the use of
the anonymized data for analysis without
informed consent. The HK study was approved by
the institutional review board of the University of
Hong Kong and the Hospital Authority Hong
Kong West Cluster (reference: UW 18–471). The
China study was reviewed and approved by the
central China Ethics Committee of Registering
Clinical Trials (reference: ChiECRCT-20180222)
with an agreement of consent waiver.

RESULTS

The final study population comprised 12,614
patients from the US, 503 from the UK, 34,135

Table 1 continued

United States United Kingdom Hong Kong Fuzhou, China

Exclusion

criteria

\ 12 months of

observation (any

recorded data) prior to

disease index (not

applied to infants and

young children

[\ 2 years])

Positive IgM to HBcAg

(unless C 6 months

apart from a positive

HBsAg result)

Conversion from positive

to negative HBsAg

within 6 months (unless

2 positive HBsAg

results C 6 months

apart)

Single HBsAg test result

that could not be proven

as chronic

\ 6 months of

observation prior to

disease index (not

applied to infants

and young children

[\ 2 years])

Missing age or sex

\ 12 months of

observation (any

recorded data) prior to

disease index (as not

applied to infants and

young children

[\ 2 years])

DNA deoxyribonucleic acid, HBcAg hepatitis B core antigen, HBsAg hepatitis B surface antigen, HBV hepatitis B virus,
HCC hepatocellular carcinoma, IgM immunoglobulin M, UK United Kingdom, US United States
aChronic: 070.22 Chronic viral hepatitis B with hepatic coma without hepatitis delta, 070.23 Chronic viral hepatitis B with
hepatic coma with hepatitis delta, 070.32 Chronic viral hepatitis B without mention of hepatic coma without mention of
hepatitis delta, 070.33 Chronic viral hepatitis B without mention of hepatic coma with hepatitis delta. Acute: 0702 Viral
hepatitis B with hepatic coma, 070.20 Viral hepatitis B with hepatic coma, acute or unspecified, without mention of
hepatitis delta, 070.21 Viral hepatitis B with hepatic coma, acute or unspecified, with hepatitis delta, 070.3 Viral hepatitis B
without mention of hepatic coma, 070.30 Viral hepatitis B without mention of hepatic coma, acute or unspecified, without
mention of hepatitis delta, 070.31 Viral hepatitis B without mention of hepatic coma, acute or unspecified, with hepatitis
delta, V02.61 Hepatitis B carrier

2518 Infect Dis Ther (2023) 12:2513–2532



from HK and 21,614 from Fuzhou (Fig. 1).
Patients’ baseline characteristics are described in
Table 3.

Demographic and Clinical Characteristics

Most patients were adults (C 18 years), but
more patients in the US (38.1%) and in HK
(24.7%) were elderly (C 65 years) compared
with the UK (7.6%) and Fuzhou (6.1%); there
were few pediatric patients (\18 years of age;
range 0.3–1.0%). Males predominated

throughout (range 54.3–68.6%), with highest
male prevalence in Fuzhou. In the US and the
UK, where race/ethnicity data were available
and not recorded as ‘unknown’, Asians
accounted for 50.0% [49.0–51.0%] and 30.5%
[25.9–35.0%] of patients, respectively.

Coinfection with HCV and/or HIV (range
0.08–1.2%) or with HDV (range 0.003–1.8%)
was low in the UK, HK and Fuzhou; however, in
the US it was 16.0% for HCV and/or HIV and
8.8% for coinfection with HDV. The baseline
prevalence of liver fibrosis was consistent in
most locations (* 13%) except the UK, where

Table 2 Algorithm for analysis of patient characteristics

Excluded

Patients aged\ 18 years

HBsAg negative

Untreated HCV/HIV coinfection with evidence of liver inflammation (history of fibrosis or cirrhosis or ALT C 2

ULN)

Treated Untreated-but-indicated Untreated-and-not-indicated

Included

Receiving antiviral therapy Untreated and ALT C 2 9 ULN or Normal ALT

(\ 2 9 ULN) but evidence of fibrosis/cirrhosis

Or

Normal ALT, no evidence of fibrosis/cirrhosis

and HBV DNA C 20,000 IU/mL

Untreated and ALT\ 2 9

ULNa and No evidence of

fibrosis/cirrhosis and HBV

DNA\ 20,000 IU/mLb

Included Sub–classification

None HBeAg ? ve:

HBeAg ? ve chronic hepatitis B

(phase 2 immune active)

HBeAg –ve:

HBeAg –ve chronic hepatitis B

(phase 4 immune reactivation)

HBV DNA C 20,000 IU/mLc

HBeAg ? ve:

HBeAg ? ve chronic HBV infection

(phase 1 immune tolerant)

HBeAg –ve:

HBeAg ? ve chronic HBV infection

(phase 3 inactive carrier)

ALT alanine aminotransferase, DNA deoxyribonucleic acid, HBeAg ? ve positive for hepatitis B e antigen, HBeAg -ve
negative for hepatitis B e antigen, HBsAg hepatitis B surface antigen, HBV hepatitis B virus, HCV hepatitis C virus, HIV
human immunodeficiency virus, ULN upper limit of normal (a cut-off of 40 was used), ? ve, positive, –ve, negative
aMissing data considered\ULN, bMissing data considered undetectable; cWhilst patients with elevated ALT or evidence
of fibrosis/cirrhosis can be classified based on their HBeAg status whose with elevated HBV DNA alone cannot, hence these
form a third category

Infect Dis Ther (2023) 12:2513–2532 2519



the excess (21.3%) was mirrored by less cirrhosis
(5.2%) than elsewhere (13.1–18.8%). A history
of HCC was uncommon (range 0–3.7%), as was
a liver transplantation history (range 0–1.7%).

Baseline Laboratory Findings
and Treatment Characteristics

Missing baseline data were observed for key
laboratory parameters. Over one quarter of
HBsAg measurements (26.2%; range
7.3–50.3%), almost half of HBeAg observations
(48.3%; range 27.6–69.3%) and nearly two-
thirds of HBV DNA values (63.3%; range
32.1–88.1%) were missing. Data on ALT were
more complete (89.8%) but a greater percentage
was missing in Fuzhou (25.8%) compared with

elsewhere (range 2.7–10.5%). Where non-miss-
ing data were available, most patients (range
26.5–64.8%) were HBeAg negative, but more
Fuzhou patients were HBeAg positive (21.5%)
than elsewhere (range 4.2–9.2%). Most patients
fell into ‘low’ levels of HBV DNA (\20,000 IU/
ml; range 67.7–81.1%) and ALT (\2 9 ULN;
91.8–96.5%); however, more HK patients
(18.8%) had ‘high’ HBV DNA (C 2000 IU/ml)
compared with other cohorts (range
9.2–12.5%). More UK (8.2% [5.7–10.8%]) and
HK (8.0% [7.7–8.3%]) patients had increased
ALT levels (C 2 9 ULN) than US (3.6%
[3.2–3.9%]) or Fuzhou (3.5% [3.2–3.8%])
patients. A post hoc analysis of the characteris-
tics of patients with and without laboratory
data are provided in Supplementary Table 2.

Fig. 1 Patient disposition flow chart *Exclusion criteria
for the algorithm are not mutually exclusive. The presence
of multiple values highlights the number of patients who
were excluded by more than one criterion. **Additional

step in Hong Kong to protect patient confidentiality. ALT
alanine aminotransferase, CHB chronic hepatitis B, HBsAg
-ve negative for hepatitis B surface antigen, HCV hepatitis
C virus, ULN upper limit of normal

2520 Infect Dis Ther (2023) 12:2513–2532
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Overall, younger patients (18 –\ 65 years) were
more likely to have available laboratory data
than elderly patients, but these relationships
differed by country and treatment status. Trea-
ted younger adults tended to have more com-
plete HBeAg, ALT and HBV DNA data and less
complete HBsAg data than untreated young
adults; treatment-specific differences were less
apparent for elderly patients.

Most patients across all locations were
untreated at disease index. More Fuzhou
patients (49.6% [48.9–50.2%]) were treated than
HK patients (31.5% [31.0–32.0%]), who in turn
were more often treated than US (17.8%
[17.1–18.5%]) and UK patients (15.9%
[12.7–19.1%]). NA monotherapy was the most
frequently prescribed treatment regimen (range
14.5–43.6%); tenofovir predominated in the US
(65.5% [63.5–67.4%]) and the UK (68.5%
[57.8–79.1%]), whereas entecavir use was more
common in HK (82.6% [81.8–83.3%]) and Fuz-
hou (79.4% [78.6–80.2%]). Interferons, either
alone or in combination, were rarely prescribed
(range 0–0.4%).

Algorithm-Derived Treatment Eligibility
Status

A total of 9231 patients from the US, 496 from
the UK, 16,819 from HK and 21,050 from Fuz-
hou were included in the treatment algorithm
analysis (Table 4). Characteristics of excluded
patients are shown in Supplementary Table 3.

The proportion of ‘untreated-but-indicated’
patients was higher in the US (17.4%) than in
Fuzhou (14.6%) and in HK (12.9%); the point
estimate for the UK (18.2%) was closer to that of
the US, but the 95% CI (14.9–21.8%) marginally
overlapped with that for Fuzhou. Most ‘un-
treated-but-indicated’ patients (range:
53.3–84.2%) would be classified as ‘HBeAg-
negative chronic hepatitis B’ patients according
to CPGs [6, 8, 10]. The proportion of ‘untreated-
and-not-indicated’ patients was highest in the
UK (65.7%), followed by the US (61.6%), HK
(55.4%) and Fuzhou (35.3%). Most patients in
this group were classified as ‘HBeAg-negative
chronic HBV infection’ patients according to
CPGs [6]. The relationship between the

treatment eligibility status and patient charac-
teristics is shown in Fig. 2 (complete data are
provided in Supplementary Table 4). Given the
construction of the algorithm, the presence of
fibrosis/cirrhosis, high HBV DNA and abnormal
ALT were consistent drivers for being ‘untreated
but indicated’. Almost two thirds of patients in
this group (63.1% [61.9–64.2%]; range
61.3–66.7%) had fibrosis/cirrhosis; almost one
third (31.9% [30.8–33.0%]) had high HBV DNA
and over a fifth (22.2% [21.2–23.2%]) had ele-
vated ALT. Age and HBeAg status were also
drivers of undertreatment, but to a lesser extent
than the above characteristics, in that the risk of
being ‘untreated but indicated’ was higher in
older patients (8.9–45.0% of patients in this
group were C 65 years) and in HBeAg-positive
patients. There was a trend towards HCV/HIV
coinfection driving undertreatment in most
locations, whereas in the US HCV/HIV coin-
fected group, patients were more often treated
appropriately compared with the UK, HK and
Fuzhou.

DISCUSSION

This study sought to generate standardized
demographic, clinical and biochemical data on
geographically disparate chronic HBV patients
and estimate treatment eligibility with these
data. The treatment algorithm developed and
applied aligns with clinical practice in the
regions studied; hence, the findings are mean-
ingful. To our knowledge, this is the first anal-
ysis to systematically compare treatment needs
in chronic HBV populations across three
continents.

Our study suggests a considerable unmet
treatment need in chronic HBV infection.
Approximately 20% of US and UK and between
10 and 15% of Chinese patients were poten-
tially undertreated. This suggests a lack of
awareness of, and/or adherence to, CPGs by
physicians, treatment hesitancy or poor access
to treatment. Adherence to CPGs for first-line
therapy has been associated with improved
clinical outcomes at no increased cost [20].
Despite this, poor guideline adherence in terms
of patient monitoring, invasive testing and
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treatment initiation occurs [21–23], with CPG
unfamiliarity often blamed for the discrepancy.
The complexity of HBV management and con-
fusing nomenclature (e.g. ‘inactive carrier’) may
also encourage under-informed treatment
decisions.

Considerable patient heterogeneity was
observed across locations. Despite these differ-
ences, our findings are consistent for under-
treated patient populations in each location. A
larger proportion of the ‘untreated-but-indi-
cated’ patients was older, suggesting either an
age-specific health inequality concerning

appropriate care or competing effects of treat-
ment for comorbid conditions. Alternatively,
older patients’ may be reluctant to take regular
medication to reduce the risk of outcomes that
may not occur in their lifespan.

Despite guidelines recommending that
patients with cirrhosis/fibrosis receive treat-
ment regardless of laboratory findings [6–8, 10],
a disquieting proportion of patients with a his-
tory of fibrosis and/or cirrhosis were ‘untreated
but indicated’. This observation is concerning as
an estimated 720,000 viral hepatitis deaths in
2015 were due to cirrhosis [3]. This could reflect

Fig. 2 Relative risk of patients being categorized as
‘‘untreated-but-indicated’’ according to baseline demo-
graphic, clinical and biochemical characteristics. The error
bars represent 95% CIs. Children and adolescents
(\ 18 years of age) were excluded from assessment of
treatment eligibility as they are generally ineligible for
treatment; HBsAg-negative patients were also excluded as
their status as ‘true’ patients with chronic HBV infection

was uncertain. ALT alanine aminotransferase, CI confi-
dence interval, DNA deoxyribonucleic acid, FZ Fuzhou,
China, HBeAg ? ve positive for hepatitis B e antigen,
HBsAg hepatitis B surface antigen, HBV hepatitis B virus,
HCV hepatitis C virus, HIV human immunodeficiency
virus, HK Hong Kong, China, UK United Kingdom,
ULN upper limit of normal, US United States
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a lack of CPG awareness/adherence, as outlined
above. Alternatively, the augmentation of code-
based definitions with APRI and FIB-4 scores—
and specifically the cut-offs applied—may have
artificially inflated this patient group. These
laboratory scores have high negative predictive
value but low positive predictive value in
determining fibrosis/cirrhosis [24], making our
findings more sensitive than specific (a feature
that may be beneficial in this instance as it rules
in rather than rules out). However, this is pref-
erential to the only other potential approach,
namely relying on diagnostic codes alone
(biopsy data are rarely available in routine EHR
data). This other approach is inadequate, as
diagnostic codes substantially underestimate
the predicted prevalence of fibrosis/cirrhosis
based on clinical expertise and the published
literature (20% cirrhosis by biopsy [UK] [25];
8–35% cirrhosis in the US [26–28]).

It is important to consider the potential
benefit of therapy for ‘untreated-but-indicated’
patients. Existing treatment thresholds are
arguably too stringent, allowing an unchecked
burden of liver disease to emerge in those cur-
rently ineligible. Treatment need, as defined by
current guidelines, targets those with the high-
est biochemical and virological activity, where
the benefit-to-risk ratio of lifelong therapy is
most obvious [7–10]. Once defined-duration
therapies that achieve functional cure become
available, they may be indicated for a broader
population of individuals living with chronic
HBV infection [14, 29]. Future work is needed to
evaluate the impact of extending therapy to
treat a broader chronic HBV population both to
reduce the risk of individual cases of liver dis-
ease and to have a population-level benefit in
reducing the risk to lower disease incidence.

Although biochemical parameters inform
chronic HBV staging, and, in combination with
liver disease severity, inform treatment need,
many biochemical data were routinely missing
[6, 8]. The data in Supplementary Table 2 sup-
port the view that patient characteristics, rather
than CPGs, appear to dictate laboratory test-
ing/data availability; hence, missing data are
largely ‘not tested’ rather than ‘not available’.
This creates a paradox: one wants to use the
most relevant data to generate the ‘best’

estimates of treatment need, but the data sour-
ces which could provide these do not have the
observations because the tests do not appear to
be warranted in the very patients one is seeking
to classify! Consequently, pragmatism is
required to deal with missing data, and we
believe the approach taken (simple imputation)
represents the most objective conservative
approach compared to the alternatives.
Restricting findings to complete-patient data
results in substantial data loss in most geogra-
phies ([60% in the US and Hong Kong,[40%
in the UK and nearly 30% in Fuzhou; Supple-
mentary Table 2), where younger patients are
over-represented whilst the untreated elderly
patients are often excluded. When the algo-
rithm is applied to these data (Supplementary
Table 5; note, ‘treated’ is applied before the
need for biochemistry data) the ‘treated’ are
unnaturally inflated and the ‘untreated but
indicated’ are skewed downwards. In the pre-
sent study, this is not the case because the
complete data effectively capture treatment for
each cohort. Multiple imputation may also have
been a valid alternative [30], but it relies on the
assumption that data are missing at random
and should not be applied when there are
extensive missing data (recommendations of no
more than 10–40% have been suggested) [31];
neither of these are applicable for the present
study data. In this study, patients were identi-
fied using a mixture of HBsAg data and diag-
nostic codes, depending on location, and
HBsAg data were missing for many patients.
While HBsAg represents the gold standard for
confirming chronicity of HBV infection
[6, 8, 10], these missing data may reflect the fact
that HBsAg is not routinely monitored once
chronicity is established. Major treatment
guidelines reflect this: HBsAg is rarely men-
tioned and only in the context of anti-HBV
therapy where infection would, of course, be
established [6, 8, 10].

Several other study design aspects should
also be considered. The treatment eligibility
estimates, generated from cross-sectional data,
may not be widely generalizable to routine
clinical practice as the parameters assessed can
be modified on a short- (e.g. HBeAg, HBV DNA
and ALT) and long-term (e.g. fibrosis/cirrhosis)
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basis, and can also be modified by treatment.
Long-term clinical variability, reflecting the
natural history of chronic HBV infection, would
ultimately inform treatment decisions. We may
also have over-estimated the proportion of
‘untreated-but-indicated’ patients because of
the conservative treatment definition applied
(an anti-HBV medication prescription covering
index). Additionally, while the treatment algo-
rithm was constructed based on recent CPGs, it
has not been validated. Although most of the
elements of the current approach would receive
general clinical acceptance, some parameters
(HBV DNA C 20,000 IU/ml or ALT C 2 9 ULN
for defining ‘untreated but indicated’) may
stimulate greater debate [32]. Significant liver
damage can be detected in patients with per-
sistently normal ALT (PNALT) and high serum
HBV DNA [33], and HBV DNA C 10,000 IU/ml
has been associated with an increased risk of
HCC [34]. Hence, some researchers recommend
initiating treatment in patients with a HBV
DNA[ 20,000 IU/ml without considering any
other criteria [35]. Consequently, including
these patients as ‘untreated but indicated’ can
be justified. Furthermore, recoding patients
with HBV DNA C 20,000 IU/ml as ‘untreated
and not indicated’ would not alter our conclu-
sions as a substantial proportion of ‘untreated
but indicated’ patients would remain (Supple-
mentary Table 6).

The UK sample size was small and the two
Southeast England secondary care sites included
may not wholly represent the UK. Similarly,
whilst the largely urban Fuzhou data are per-
haps less representative of the wider Chinese
chronic HBV population, the majority of the
Chinese population reside in urban areas [36];
hence, the findings will be generalizable to this
setting. Additionally, site-specific cohort con-
struction may have reduced generalizability and
limited between-location comparability. The
requirement for a chronic HBV-related interac-
tion in the year of interest in most locations
may have excluded patients with mild disease
who did not require care in that year, limiting
generalizability to clinically managed patients.
However, the comparison with the US cohort,

where all patients with chronic HBV infection
identified up to a specific date were included,
suggests that this is unlikely, especially as most
patients with chronic HBV infection will require
routine clinical review at least annually. Finally,
the selection of HK patients, in part based on a
single positive HBsAg test result, had the
potential to include patients with acute HBV
infection. However, hepatitis B is a notifiable
disease in HK, and only 33 cases of acute hep-
atitis B infection were reported in 2017, sug-
gesting a negligible impact of this criterion
(0.097%).

General limitations that are common to real-
world administrative database studies, includ-
ing the potential for missing or inaccurate
diagnostic, procedural or medication codes, are
relevant here and may have impacted the find-
ings. Findings from the US may also reflect
healthcare provider’s reimbursement claims
rather than the patient’s diagnoses.

CONCLUSIONS

In conclusion, leveraging the best source of
routinely available data that effectively captures
the spectrum of patients with chronic HBV
infection under clinical care, we show that
across multiple geographies a considerable pro-
portion of patients may remain untreated
despite meeting accepted treatment thresholds.
The undertreatment burden is undoubtedly
higher when undiagnosed disease is considered:
Polaris collaborators estimated that, globally, 29
million of the 292 million global chronic HBV
patients in 2016 were diagnosed, but also that
94 million were treatment eligible [1]. Increas-
ing awareness of CPGs in the healthcare envi-
ronment and increasing adherence to treatment
could overcome undertreatment. Potential dif-
ferences in access to treatment and patients’
preferences should also be considered as they
may exacerbate the issue of undertreatment.
Given that low treatment levels correlate with
poor patient outcomes and high societal costs,
earlier therapeutic intervention for patients
with chronic HBV infection may be warranted.
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