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Low Incidence of Adverse Outcomes in 
Adults With Chronic Hepatitis B Virus 
Infection in the Era of Antiviral Therapy
Anna S. Lok,1 Robert Perrillo,2 Christina M. Lalama,3 Michael W. Fried,4 Steven H. Belle,5 Marc G. Ghany ,6 Mandana Khalili,7 
Robert J. Fontana,1 Richard K. Sterling,8 Norah Terrault ,9 Jordan J. Feld,10 Adrian M. Di Bisceglie ,11 Daryl T.Y. Lau ,12 
Mohamed Hassan,13 and Harry L.A. Janssen14, Hepatitis B Research Network (HBRN)# 

BaCKgRoUND aND aIMS: Outcomes of persons with 
chronic hepatitis B virus (HBV) infection in the era of anti-
viral therapy (AVT) are not well characterized. We determined 
the incidence and factors associated with clinical outcomes in 
a multiethnic, North American cohort of adults with chronic 
HBV infection, who were not on AVT at enrollment.

appRoaCH aND ReSUltS: Adults with chronic HBV 
infection, not receiving AVT, and without a history of decom-
pensation, HCC, or liver transplantation (LT), were prospectively 
followed. Participants with known human immunodeficiency virus 
(HIV), hepatitis C virus, or hepatitis D virus (HDV) coinfec-
tion were excluded. During follow- up, treatment could be initi-
ated per standard of care. Clinical outcomes included: incident 
cirrhosis, decompensation, HCC, OLT, and HBV- related death. 
Among 1,418 participants analyzed, 51.5% were women, 
median age was 41.1  years, 75% were Asian, 10% White, 
13% Black, 24% HBeAg(+), and 1.5% cirrhosis at baseline. 
During the study, 274 started treatment, 83 had an alanine 
aminotransferase flare, 118 of 330 initially HBeAg(+) be-
came HBeAg(−), and 90 of 1,329 became HBsAg(−). After 
6,641 person- years follow- up, 8 participants (4 of 21 with 
baseline cirrhosis) had 12 clinical outcomes (2 decompensa-
tion, 5 HCC, 2 OLT, and 3 HBV- related deaths) and 19 of 
1,397 had incident cirrhosis. Twenty- one of 26 participants 

had first outcome before treatment, none had become 
HBsAg(−), whereas 5/9 HBeAg(+) had become HBeAg(−) 
at time of first outcome. Cumulative percentage of clinical 
outcomes was 16% at year 4 in participants with baseline 
cirrhosis and 2% (including incident cirrhosis) at year 7 in 
those without.

CoNClUSIoNS: Incidence of adverse outcomes was low 
in this closely monitored, large cohort of North American 
adults with predominantly inactive, chronic HBV without cir-
rhosis. Our data highlight the benefits of HBsAg loss and 
the importance of early diagnosis and treatment to prevent 
cirrhosis and other complications of chronic HBV infection. 
(Hepatology 2021;73:2124-2140).

Chronic hepatitis B virus (HBV) infection is 
uncommon in the United States with an esti-
mated population prevalence of 0.35% based 

on the National Health and Nutrition Examination 
Survey, corresponding to 840,000 persons. However, 
this may be an underestimation of the true prev-
alence given that persons at increased risk of infec-
tion, such as those who are homeless or incarcerated, 
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were not included, and until 2011, Asians, who 
have the highest prevalence of HBV infection, were 
under- represented.(1)

The majority of natural history studies in untreated 
chronic HBV infection have originated from Asia or 
Europe.(2- 6) These studies have shown varying rates of 
cirrhosis, hepatocellular carcinoma (HCC), and liver- 
related mortality. Whereas some of the discrepancies 
may be attributable to differences in study design, 
other factors, notably age at infection and HBV geno-
types, may have contributed to the variable results.(2- 8) 
Apart from the studies in Alaskan natives, there are 
limited data on the natural history of chronic HBV 
infection in adults living in North America.(9,10)

The course of chronic HBV infection is dynamic, 
characterized by fluctuations in HBV replication and 
liver inflammation, and patients with inactive liver 
disease at presentation may progress to active disease 
or experience progressive disease during follow- up. 
Indeed, several studies have reported high rates of 
hepatic decompensation (HD), HCC, and liver- 
related mortality in patients who did not meet criteria 
for antiviral therapy (AVT) at presentation and who 
did not receive treatment during follow- up.(3,10,11)

Availability of safe and potent AVT, in particu-
lar nucleos(t)ide analogues (NAs), in the past two 
decades has dramatically changed the outcomes of 
chronic HBV infection. AVT has been shown to be 
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effective not only in suppressing HBV replication and 
decreasing liver inflammation, but also in reversing 
liver fibrosis and in preventing cirrhosis, liver failure, 
HCC, and liver- related mortality.(12- 18) However, cur-
rently available therapies do not eradicate the virus and 
rarely result in clearance of hepatitis B surface antigen 
(HBsAg). Thus, professional society guidelines rec-
ommend treatment only in patients with cirrhosis or 
those with active disease at risk of progressive liver 
injury, and monitoring of patients who do not meet 
criteria for treatment.(19- 21)

The Hepatitis B Research Network (HBRN) was 
funded by the National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK) in 2008 
to investigate clinical, virological, and immunological 
characteristics of patients with HBV infection in the 
United States and Canada. The HBRN cohort study 
enrolled persons with chronic HBV infection who 
were not receiving AVT and followed them prospec-
tively per standard of care, which included initiating 
AVT during follow- up if necessary. We analyzed data 
from the HBRN Adult Cohort Study to determine 
the incidence and factors associated with clinical out-
comes in this large and diverse population of persons 
with chronic HBV infection.

Materials and Methods
StUDy DeSIgN

The HBRN comprises 21 adult and seven pediat-
ric liver centers in the United States and in Toronto, 
Ontario, Canada. Details of the HBRN Adult Cohort 
Study protocol have been described.(22) In brief, con-
secutive, consenting, HBsAg- positive patients, seen in 
outpatient clinics, who were not receiving AVT unless 
pregnant or were coinfected with hepatitis D virus 
(HDV) and did not have a history of HD, HCC, 
liver transplantation (LT), or known human immu-
nodeficiency virus (HIV) or hepatitis C virus (HCV) 
infection, were enrolled.

The baseline evaluation included detailed medi-
cal history, physical examination, health surveys, and 
blood tests. Recommended laboratory tests included 
complete blood count, liver panel, creatinine, inter-
national normalized ratio, alpha fetoprotein, HBV- 
DNA level, HBV serologies (HBsAg, antibody 
against HBsAg, hepatitis B e antigen [HBeAg], and 

antibody against HBeAg), and antibodies against 
HIV, HCV, and HDV. In addition, relevant clinical, 
laboratory, radiological, and histological data were 
extracted from past medical records. Participants 
were reassessed at week 12, 24, and then every 
24 weeks and, additionally, when participants expe-
rienced a flare in alanine aminotransferase (ALT), 
became HBeAg or HBsAg negative, or became 
pregnant.

The protocol recommended testing for quantita-
tive HBV DNA and qualitative HBeAg (for those 
who were HBeAg positive at enrollment) every 
24  weeks and qualitative HBsAg every 48  weeks, 
and testing for hepatitis B e antibody and hepatitis 
B surface antibody among participants who cleared 
HBeAg or HBsAg. The protocol also recommended 
HCC surveillance per American Association for 
Study of Liver Diseases (AASLD) Guidelines on 
Hepatitis B. Standard- of- care tests were done at 
the local laboratories. Standardized cut- off values 
were chosen to define the upper limit of normal 
(ULN) for ALT: 30  U/L for men and 20  U/L for 
women. Research blood samples were collected at 
each visit, processed, and stored at −70°C at each 
site and shipped in batches to a central repository 
for subsequent transfer to central testing laborato-
ries. Follow- up ended with LT or death.

Baseline cirrhosis was based on histology, if avail-
able, and in the absence of biopsy by presence of two 
of the following three criteria: splenomegaly or nod-
ular liver on radiological imaging, or platelet count 
<120,000/mm3. Vibration- controlled transient elas-
tography had not been approved for clinical care 
in the United States at the start of HBRN studies. 
Participants meeting these criteria within 24  weeks 
after enrollment were considered to have baseline 
cirrhosis after adjudication by an HBRN panel of 
investigators.

During follow- up, AVT could be initiated if a par-
ticipant was enrolled in a HBRN treatment trial or 
if the physician initiated AVT per standard of care. 
There were two HBRN treatment trials: one for par-
ticipants in the immune- tolerant phase(23) and one for 
participants in either the HBeAg- positive or HBeAg- 
negative immune- active phase.(24)

The protocol was approved by the institutional 
review boards or ethics committee of each partic-
ipating institution and by a data and safety moni-
toring board appointed by the NIDDK to oversee 
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the HBRN studies. All participants gave written, 
informed consent. All authors had access to study data 
and reviewed and approved the final manuscript.

HBV teStINg
Quantitative HBV DNA, HBeAg, and HBsAg 

were performed at a central laboratory (University 
of Washington, Seattle, WA). HBV- DNA lev-
els were determined using a real- time PCR assay 
(COBAS Ampliprep/COBAS TaqMan HBV Test, 
v2.0; Roche Molecular Diagnostics, Branchburg, 
NJ) with a lower limit of detection of 10  IU/mL 
and lower limit of quantification of 20  IU/mL. 
Quantitative HBsAg and HBeAg were tested using 
the Roche Diagnostics Elecsys platform with lower 
limit of detection for HBsAg and HBeAg of 0.05 
and 0.3  IU/mL, respectively. Qualitative assays for 
HBsAg and HBeAg were also performed locally 
using commercially available enzyme immunoas-
says. HBV genotype was determined based on mass 
spectrometry, at the Molecular Epidemiology and 
Bioinformatics Laboratory in the Division of Viral 
Hepatitis at the Centers for Disease Control and 
Prevention.(25)

Central laboratory results were used when available 
and supplemented by local laboratory results when 
missing.

StUDy popUlatIoN
HBsAg- positive patients aged ≥18  years, enrolled 

in the HBRN Adult Cohort Study, were included 
in this analysis unless they met one of the following 
exclusion criteria: acute HBV infection, HIV, HCV, 
or HDV coinfection at enrollment; or had all labs 
while on treatment or within 24  weeks of stopping 
treatment for those who received treatment before 
enrollment, or while pregnant or within 24  weeks 
of end of pregnancy. Chronic HBV infection was 
defined by presence of HBsAg or HBV DNA for at 
least 6  months. Participants who either transferred 
from the HBRN Pediatric Cohort Study, who entered 
an HBRN treatment trial concurrently with the Adult 
Cohort Study, who did not have at least one follow- up 
visit >24 weeks after enrollment or who started AVT 
that lasted ≥24  weeks within 24  weeks after enroll-
ment were also excluded (Fig. 1).

Baseline date was the date of enrollment into 
the HBRN Adult Cohort study. Values of HBsAg, 

FIg. 1. Flow chart showing selection of HBRN adult participants for analysis.

HBRN Adult Cohort
n = 2032

HBsAg(+)
n = 2018

HBsAg(-) Central Lab Result*
n = 13

HCC*
n = 1

*At enrollment

Note: 7 participants fall into more
than 1 group

Additional Exclusions
n = 99

HIV
n = 2

HCV
n = 34

HDV
n = 70

Final Exclusions

•   n = 234 who do not have at least 1 visit > 24
    weeks after enrollment
•   n = 119 who started HBV treatment within (≤)
    24 weeks of enrollment

Analytic Sample
n = 1418

Treatment and Pregnancy
Related Exclusions

n = 61

Participants with
•   all labs while on treatment or
    within (≤) 24 weeks of stopping
    treatment, or
•   all labs while pregnant or within
    24 weeks of end of pregnancy

General Exclusions
n = 87

Acute
n = 63

Pediatric Transfers
n = 22

Entered IA or IT Trial
n = 2
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HBeAg, HBV DNA, aspartate aminotransferase 
(AST), ALT, and platelets on the same day or clos-
est to each other during the period from 24  weeks 
before to 18  weeks after enrollment were used 
as baseline labs. Baseline HBV clinical pheno-
types were determined based on a combination of 
HBeAg status, HBV- DNA level, and ALT level as 
described.(26) AST to platelet ratio index (APRI) 
and Fibrosis 4 marker (FIB- 4) were calculated as 
described.(27,28) If there were multiple results for any 
component laboratory test within a study visit win-
dow, then the results closest to each other were used 
to calculate APRI and FIB- 4.

Follow- up ended on January 28, 2019 or at the last 
date data were collected. For this analysis, follow- up 
data from participants at or after new diagnosis of 
HIV or HCV infection were excluded. Data from 111 
participants (median 2 years’ follow- up before enroll-
ment in the trial) after enrollment into an HBRN 
clinical trial were excluded from all analyses. Data 
from participants who started treatment per standard 
of care were included in all analyses except for analysis 
of ALT flare, and changes in APRI and FIB- 4, where 
data after start of treatment were excluded.

oUtCoMeS
The clinical outcomes analyzed were: HD, HCC, 

LT, or HBV- related death. Given the low occurrence 
of individual outcomes, they were grouped and termed 
major clinical outcomes (Supporting Table S1). 
Among participants without baseline cirrhosis, inci-
dent (new diagnosis) cirrhosis was also determined. 
Other outcomes analyzed were non- HBV deaths, inci-
dent ALT flare (ALT ≥10 × ULN), initiation of AVT, 
ever becoming HBeAg negative for participants who 
were HBeAg positive at baseline, and ever becoming 
HBsAg negative. Initiation of AVT per standard of 
care was considered as an outcome because treatment 
might have averted a clinical outcome. In this study, 
only treatment lasting ≥24  weeks was considered as 
an outcome, because shorter courses of treatment, 
most commonly prescribed in highly viremic pregnant 
women to prevent mother- to- child transmission, were 
not expected to impact clinical outcomes. Fibrosis 
progression was assessed based on changes in APRI 
(≤0.5, 0.5- 2.0, and >2.0) and FIB- 4 (<1.45, 1.45- 3.25, 
and >3.25) categories. All outcomes were predefined 
and the occurrence and timing of the major clinical 

outcomes, including incident cirrhosis and ALT flares, 
were adjudicated by a committee of HBRN clinical 
investigators to determine whether criteria for these 
outcomes were met (Supporting Table S1).

StatIStICal aNalySeS
Descriptive statistics are reported as medians (25th 

and 75th percentiles) for continuous variables and 
frequencies (percentages) for categorical variables. 
Distributions of baseline characteristics of participants 
with versus those without cirrhosis at baseline were 
compared using exact Pearson chi- square or Kruskal- 
Wallis tests, as appropriate.

For each outcome, rates per 100 person- years (PYs) 
and corresponding confidence intervals (CIs) assuming 
a Poisson distribution are reported overall and by base-
line characteristics and laboratory measures. Univariate 
associations between each outcome and each baseline 
measure were assessed from Poisson regression models. 
Exact CIs were calculated if the number of events in a 
category was <5, and P values were exact if the number 
of events in any one category of a baseline measure 
was <5. Otherwise, asymptotic Wald statistics were 
used. The Kaplan- Meier method was used to estimate 
the cumulative probability of each outcome over time. 
For major clinical outcomes, time to first event was 
recorded. For incident hepatitis flare, follow- up ended 
when treatment was initiated. All outcomes were con-
ditional on participants having more than 24  weeks 
of follow- up. The follow- up for incident cirrhosis, 
LT, deaths, and treatment initiation was reduced by 
24  weeks given that, by design, none of these events 
could occur within the first 24 weeks after enrollment. 
For APRI and FIB- 4, the change in category from first 
result to last result, if at least 24 weeks after first, within 
each duration category (<96, 96- 192, and >192 weeks) 
before initiating treatment was summarized.

Statistical analyses were conducted using SAS soft-
ware (version 9.4; SAS Institute Inc., Cary, NC).

Results
BaSelINe CHaRaCteRIStICS oF 
paRtICIpaNtS

A total of 2,032 participants were enrolled between 
January 2011 and Janurary 2018; of these, 614 were 
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excluded (Fig. 1). Among the 1,418 participants 
included in this study, median age was 41.1  years, 
51.5% were female, and most were Asian (74.6%), 
followed by Blacks (12.7%), Whites (10.0%), and 
other/mixed races (2.8%; Table 1). Roughly one- 
quarter (24.0%) were HBeAg positive, median HBV 
DNA was 3.6 log10 IU/mL, and median HBsAg was 
3.4 log10 IU/mL. Genotypes B (40.2%) and C (33.4%) 
were most common followed by genotypes A (16.8%), 
D (6.7%), E (2.5%), and others (0.4%). Only 21 
(1.5%) participants were considered to have cirrhosis 
at baseline. This was corroborated by a low percent-
age with APRI >2.0 (1.8%) or FIB- 4 >3.25 (1.7%). 
Participants with baseline cirrhosis were older, more 
likely to be men, White, diabetic, and had higher AST 
and lower platelet count. The most common pheno-
type was indeterminant (37.0%), followed by inactive 
carriers (24.2%) and HBeAg- negative (17.4%) and 
HBeAg- positive (17.2%) chronic hepatitis.

INCIDeNCe oF MaJoR ClINICal 
oUtCoMeS aND INCIDeNt 
CIRRHoSIS aND aSSoCIateD 
BaSelINe FaCtoRS

After 6,641 PYs of follow- up, 26 participants had 
a total of 31 clinical outcomes, including incident cir-
rhosis (Fig. 2). Among the 21 participants with base-
line cirrhosis, 4 had major clinical outcomes, including 
3 HCC (2 followed by LT and 1 followed by HBV- 
related death) and 1 HBV- related death. Of the 1,397 
participants without baseline cirrhosis, 22 had major 
clinical outcomes or incident cirrhosis: 18 with inci-
dent cirrhosis only, 1 incident cirrhosis at the same 
time as decompensation followed by HBV- related 
death, 2 HCC, and 1 HD.

Incidence rate per 100 PYs for each individual out-
come was low, HD (0.03), HCC (0.08), LT (0.03), 
HBV- related death (0.05), and incident cirrhosis (0.32; 
Table 2). Eight participants (4 with and 4 without 
baseline cirrhosis) had major clinical outcomes with 
incidence of 0.12 per 100 PYs (95% CI = 0.06, 0.24). 
Cumulative percentages of major clinical outcomes at 
years 4 and 7 were 0.5% and 1%, respectively, for the 
overall cohort. The incidence rate of major clinical out-
comes was 4.79 per 100 PYs (95% CI  =  1.80, 12.75), 
and the cumulative percentage at year 4 was 16% for 
those with baseline cirrhosis, whereas the incidence rate 

was 0.06 per 100 PYs (95% CI  =  0.02, 0.16) and the 
cumulative percentages were 0.2% at year 4 and 0.5% 
at year 7 for those without baseline cirrhosis (Fig. 3A).

Among the participants without cirrhosis at base-
line, incident cirrhosis was assessed in addition to 
major clinical outcomes. Incident cirrhosis or major 
clinical outcomes occurred in 22 participants with 
incidence rate of 0.34 per 100 PYs (95% CI  =  0.22, 
0.51), and the cumulative percentages were 2% at both 
year 4 and year 7 (Fig. 3B).

Among the 21 participants with baseline cirrhosis, 
the 4 participants who developed major clinical out-
comes were older, more likely to be White, and had 
lower baseline HBV DNA, quantitative HBsAg, and 
platelet count than the other 17 who did not develop 
major clinical outcomes.

Among the 1,397 participants without baseline 
cirrhosis, the 22 participants who met a criterion for 
major clinical outcomes or incident cirrhosis were 
older, more likely to be men, and had higher APRI 
and lower platelet counts at baseline compared to 
those who did not meet criteria for these outcomes 
(Table 3).

CHaRaCteRIStICS oF 
paRtICIpaNtS WItH MaJoR 
ClINICal oUtCoMeS oR 
INCIDeNt CIRRHoSIS

Of the 26 participants who had a major clinical out-
come or incident cirrhosis, 5 had started AVT, none 
had become HBsAg negative, and 5 of 9 HBeAg- 
positive participants had become HBeAg negative 
before their first outcome.

Eight participants (7 men, median age 57  years, 
4 White, 1 Black, and 3 Asians) had a total of 12 
major clinical outcomes (Fig. 2; Table 4). Of these, 
4 had one outcome each and 4 had two outcomes 
each. Two participants had started AVT before and 
2 others after their first outcome, whereas 4 (includ-
ing 2 with persistently undetectable HBV DNA) 
never received treatment. None of the 8 participants 
with major clinical outcomes had experienced ALT 
flares. All 8 were still HBsAg positive at the time of 
first outcome. Of the 2 participants who were ini-
tially HBeAg positive, 1 had become negative and 
the other remained HBeAg positive at the time of 
first outcome.
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taBle 1. Baseline Characteristics of participants With and Without Cirrhosis

Characteristics All n = 1,418 With Baseline Cirrhosis n = 21 Without Baseline Cirrhosis n = 1,397

Age at enrollment (years) n = 1,418 n = 21 n = 1,397

Median (25th:75th) 41.1 (32.9:51.5) 50.7 (42.4:57.3) 41.0 (32.9:51.4)

Sex n = 1,418 n = 21 n = 1,397

Female 730 (51.5%) 6 (28.6%) 724 (51.8%)

Race n = 1,415 n = 21 n = 1,394

White 142 (10.0%) 5 (23.8%) 137 (9.8%)

Black 179 (12.7%) 3 (14.3%) 176 (12.6%)

Asian 1,055 (74.6%) 11 (52.4%) 1,044 (74.9%)

Other/mixed 39 (2.8%) 2 (9.5%) 37 (2.7%)

Continent of birth n = 1,414 n = 21 n = 1,393

Africa 139 (9.8%) 1 (4.8%) 138 (9.9%)

Asia 972 (68.7%) 11 (52.4%) 961 (69.0%)

Europe 43 (3.0%) 1 (4.8%) 42 (3.0%)

North America 249 (17.6%) 8 (38.1%) 241 (17.3%)

South America 8 (0.6%) 0 (0.0%) 8 (0.6%)

Australia 3 (0.2%) 0 (0.0%) 3 (0.2%)

HBeAg status n = 1,379 n = 20 n = 1,359

Positive 331 (24.0%) 6 (30.0%) 325 (23.9%)

HBV DNA (log10 IU/mL) n = 1,417 n = 21 n = 1,396

Median (25th:75th) 3.6 (2.6:5.6) 3.7 (1.8:5.8) 3.6 (2.6:5.5)

Quant HBsAg (log10 IU/mL) n = 1,354 n = 20 n = 1,334

Median (25th:75th) 3.39 (2.67:4.11) 3.14 (2.45:3.92) 3.40 (2.67:4.11)

HBV genotype n = 1,301 n = 17 n = 1,284

A 219 (16.8%) 4 (23.5%) 215 (16.7%)

B 523 (40.2%) 3 (17.6%) 520 (40.5%)

C 434 (33.4%) 7 (41.2%) 427 (33.3%)

D 87 (6.7%) 2 (11.8%) 85 (6.6%)

E 33 (2.5%) 1 (5.9%) 32 (2.5%)

Mixed/other 5 (0.4%) 0 (0.0%) 5 (0.4%)

APRI n = 1,209 n = 21 n = 1,188

≤0.5 943 (78.0%) 3 (14.3%) 940 (79.1%)

>0.5- 2.0 244 (20.2%) 15 (71.4%) 229 (19.3%)

>2 22 (1.8%) 3 (14.3%) 19 (1.6%)

FIB- 4 n = 1,209 n = 21 n = 1,188

<1.45 966 (79.9%) 6 (28.6%) 960 (80.8%)

1.45- 3.25 222 (18.4%) 11 (52.4%) 211 (17.8%)

>3.25 21 (1.7%) 4 (19.0%) 17 (1.4%)

HBV phenotype n = 1,337 n = 20 n = 1,317

Immune tolerant 55 (4.1%) 0 (0.0%) 55 (4.2%)

HBeAg+ CHB 230 (17.2%) 5 (25.0%) 225 (17.1%)

HBeAg− CHB 233 (17.4%) 3 (15.0%) 230 (17.5%)

Inactive carrier 324 (24.2%) 4 (20.0%) 320 (24.3%)

Indeterminant 495 (37.0%) 8 (40.0%) 487 (37.0%)

Platelets (×103/mm3) n = 1,219 n = 21 n = 1,198

Median (25th:75th) 219.0 (182.0:256.0) 142.0 (106.0:181.0) 220.0 (183.0:257.0)

AST × ULN* n = 1,379 n = 21 n = 1,358

≤1 × ULN 1,103 (80.0%) 8 (38.1%) 1,095 (80.6%)

>1- 2 × ULN 211 (15.3%) 9 (42.9%) 202 (14.9%)

>2 × ULN 65 (4.7%) 4 (19.0%) 61 (4.5%)

ALT × ULN† n = 1,401 n = 21 n = 1,380
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FIg. 2. Clinical outcomes by baseline cirrhosis. Outcomes of interest: decompensation, HCC, LT, HBV- related death, and incident 
cirrhosis shown in bolded boxes. Twenty- six participants had outcomes of interest: 8 major clinical outcomes and 18 with incident cirrhosis 
and no further clinical outcomes. Numbers in parentheses indicate number of outcomes that occurred after HBV treatment initiation.

Analytic Sample
n = 1418

Baseline Cirrhosis
n = 21

Without Baseline Cirrhosis
n = 1397

Non HBV-
Related Death

n = 1

HCC
n = 3 (1)

HBV-Related
Death
n = 1

Non HBV-
Related Death

n = 11 (2)

HCC
n = 2 (1)

Cirrhosis
n = 19 (3)

Decompensation
n = 1

2 Liver Transplant
(1)

1 HBV-related
Death

1 Decompensation
(same day as cirrhosis)

1 HBV-related
Death (1)

1 Non HBV-
Related Death

Characteristics All n = 1,418 With Baseline Cirrhosis n = 21 Without Baseline Cirrhosis n = 1,397

≤1 × ULN 466 (33.3%) 4 (19.0%) 462 (33.5%)

>1- 2 × ULN 622 (44.4%) 9 (42.9%) 613 (44.4%)

>2 × ULN 313 (22.3%) 8 (38.1%) 305 (22.1%)

Albumin (g/dL) n = 1,344 n = 21 n = 1,323

Median (25th:75th) 4.3 (4.1:4.6) 3.9 (3.8:4.3) 4.3 (4.1:4.6)

Total bilirubin (mg/dL) n = 1,371 n = 21 n = 1,350

Median (25th:75th) 0.6 (0.4:0.8) 0.8 (0.6:1.0) 0.6 (0.4:0.8)

Ever received HBV treatment n = 1,418 n = 21 n = 1,397

Yes 194 (13.7%) 2 (9.5%) 192 (13.7%)

BMI (kg/m2) n = 1,296 n = 20 n = 1,276

Median (25th:75th) 24.1 (21.6:27.0) 26.2 (24.6:31.1) 24.0 (21.6:27.0)

Diabetes n = 1,415 n = 21 n = 1,394

Yes 77 (5.4%) 5 (23.8%) 72 (5.2%)

NIAAA alcohol risk level in past 12 months‡ n = 1,410 n = 21 n = 1,389

At- risk 100 (7.1%) 2 (9.5%) 98 (7.1%)

One participant had a baseline qHBsAg below detection limit (<0.05 IU/mL), but was HBsAg+ by central laboratory HBsAg qualitative test.
*ULN for AST was laboratory specific, range 30- 60 U/L.
†ULN for ALT was 30 U/L for males and 20 U/L for females.
‡Males considered at- risk if consumed >4 drinks/day or >14 drinks/week; females considered at- risk if consumed >3 drinks/day or >7 
drinks/week.
Abbreviations: BMI, body mass index; NIAAA, National Institute on Alcohol Abuse and Alcoholism.

taBle 1. Continued
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HCC
Of the 5 participants with HCC (nos. 112, 933, 

1,157, 1,287, and 1,432), 3 had cirrhosis at base-
line, including 2 with persistently undetectable HBV 
DNA, and did not receive AVT and the third started 
treatment, but HCC was diagnosed nearly a year later 
despite having undetectable HBV DNA (Table 4). 
The other 2 participants with HCC had no evidence 
of cirrhosis at baseline or throughout the study; one 
of these 2 started treatment, but despite suppression 
of HBV DNA to an undetectable level was diagnosed 
to have HCC 2.6 years later.

HD
Two participants (nos. 113 and 729) without base-

line cirrhosis developed HD; 1 was found to have 
cirrhosis at the time of decompensation, but despite 
starting treatment immediately after decompensation 
had an HBV- related death 1.6 years later.

taBle 2. Incidence Rates among 1,418 participants With 
>24 Weeks of Follow- up

Outcome

No. of 
Participants 

With Outcome
Incidence per 

100 PYs (95% CI)

HD* 2 0.03 (0.01, 0.12)

HCC* 5 0.08 (0.03, 0.18)

LT* 2 0.03 (0.01, 0.13)

HBV- related death* 3 0.05 (0.02, 0.16)

Incident cirrhosis (n = 1,397 w/o 
baseline cirrhosis)

19 0.32 (0.21, 0.51)

Major clinical outcome*,† 8 0.12 (0.06, 0.24)

Major clinical outcome or incident 
cirrhosis‡ (n = 1,397 w/o 
baseline cirrhosis)

22 0.34 (0.22, 0.51)

HBV treatment initiation 
>24 weeks after enrollment*,§

274 5.45 (4.84, 6.14)

ALT flare after enrollment and be-
fore initiating HBV treatment*,§ 
(n = 1,405 w/ follow- up ALT)

83 1.51 (1.22, 1.88)

Ever become HBeAg−* (n = 330 
HBeAg+ with follow- up HBeAg)

118 11.69 (9.76, 
14.00)

Ever become HBsAg−* (n = 1,329 
HBsAg+ with follow- up HBsAg)

90 1.52 (1.23, 1.86)

Non- HBV- related death* 13 0.22 (0.13, 0.37)

*Includes those with baseline cirrhosis.
†First of decompensation, HCC, LT, or HBV- related death.
‡First of major clinical outcomes or incident cirrhosis.
§Treatment only considered if lasted ≥24 weeks.

FIg. 3. (A) Cumulative probability of major clinical outcomes by 
baseline cirrhosis. Major clinical outcomes: first of decompensation, 
HCC, LT, or HBV- related death. (B) Cumulative probability of 
major clinical outcomes or incident cirrhosis among participants 
without baseline cirrhosis. (C) Cumulative probability of initiation 
of HBV treatment. Only treatment lasting ≥24  weeks was 
considered.
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taBle 3. Incidence Rates of Major Clinical outcomes or Incident Cirrhosis among 1,397 participants Without Baseline 
Cirrhosis

Baseline Characteristic
No. of 

Participants No. With Outcome Total PYs
Incidence per 100 PYs 

(95% CI)*

Age (years) <30 249 1 1,080 0.09 (0.01, 0.66)

30- 50 752 10 3,470 0.29 (0.16, 0.54)

>50 396 11 1,941 0.57 (0.31, 1.02)

Sex Male 673 19 3,063 0.62 (0.40, 0.97)

Female 724 3 3,429 0.09 (0.03, 0.27)

Race White 137 4 689 0.58 (0.22, 1.55)

Black 176 6 760 0.79 (0.35, 1.76)

Asian 1,044 12 4,856 0.25 (0.14, 0.44)

Other/mixed 37 0 177 — 

HBeAg status Negative 1,034 12 4,954 0.24 (0.14, 0.43)

Positive 325 8 1,366 0.59 (0.29, 1.17)

HBV DNA (log10 IU/mL) <3 488 6 2,296 0.26 (0.12, 0.58)

3- 5 485 9 2,404 0.37 (0.19, 0.72)

>5 423 7 1,788 0.39 (0.19, 0.82)

qHBsAg (log10 IU/mL) <3 459 5 2,217 0.23 (0.09, 0.54)

3- 4 495 10 2,361 0.42 (0.23, 0.79)

>4 380 5 1,627 0.31 (0.13, 0.74)

HBV genotype A 215 8 941 0.85 (0.43, 1.70)

B 520 6 2,425 0.25 (0.11, 0.55)

C 427 6 1,994 0.30 (0.14, 0.67)

D 85 1 444 0.23 (0.03, 1.60)

E 32 1 126 0.79 (0.11, 5.62)

Mixed/other 5 0 30 — 

APRI ≤0.5 940 8 4,580 0.17 (0.09, 0.35)

>0.5- 2.0 229 9 920 0.98 (0.51, 1.88)

>2 19 2 82 2.43 (0.61, 9.72)

FIB- 4 <1.45 960 3 4,556 0.07 (0.02, 0.20)

1.45- 3.25 211 12 969 1.24 (0.70, 2.18)

>3.25 17 4 58 6.91 (2.59, 18.40)

Platelets (×103/mm3) <150 94 6 371 1.62 (0.73, 3.60)

≥150 1,104 13 5,266 0.25 (0.14, 0.43)

AST × ULN ≤1 × ULN 1,095 10 5,256 0.19 (0.10, 0.35)

>1- 2 × ULN 202 6 815 0.74 (0.33, 1.64)

>2 × ULN 61 4 250 1.60 (0.60, 4.27)

ALT × ULN ≤1 × ULN 462 6 2,177 0.28 (0.12, 0.61)

>1- 2 × ULN 613 6 2,971 0.20 (0.09, 0.45)

>2 × ULN 305 9 1,279 0.70 (0.37, 1.35)

*CI based on Wald.
Abbreviation: qHBsAg, quantitative HBsAg.
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HBV- Related Death
Three participants were considered to have HBV- 

related deaths, 1 following HD (no. 729), 1 after 
HCC (no. 1,157), and 1 following sepsis attributed 
to cirrhosis (no. 134). One participant started AVT 
upon diagnosis of HD whereas the other 2 had not 
been treated.

Incident Cirrhosis
Eighteen participants met criteria for incident 

cirrhosis only (15 men, median age 49  years, 3 
White, 5 Black, and 10 Asian) a median of 1.4 years 
after enrollment with no major clinical outcomes 
during median subsequent follow- up of 3.5  years. 
Three participants had started treatment before 
and 5 others started treatment after the finding of 
incident cirrhosis. Ten participants did not start 
treatment; of these, 1 had undetectable HBV DNA 
and 2 had HBV DNA <3  log10  IU/mL through-
out the study and the remaining 7 had HBV DNA 
≥3 log10 IU/ mL. Of these 18 participants, 2 had an 
ALT flare 40 and 16  weeks before cirrhosis diag-
nosis, 3 of 7 initially HBeAg positive remained 
HBeAg positive, and all remained HBsAg positive 
at the time of cirrhosis diagnosis.

Deaths
A total of 16 participants were known to have 

died during the study; 3 were adjudicated to be HBV 
related (2 in those with and 1 in those without base-
line cirrhosis). Cumulative probabilities of HBV- 
related and all- cause mortality at year 7 were 0.4% 
and 2.0%, respectively.

INCIDeNCe oF otHeR 
oUtCoMeS aND aSSoCIateD 
BaSelINe FaCtoRS

treatment Initiation per Standard of 
Care

During the study, 274 participants initiated 
AVT (13 with baseline cirrhosis and 8 with inci-
dent cirrhosis) per standard of care that lasted at 
least 24  weeks. Of these, only 1 received pegylated 
interferon and the remainder NA therapy. The inci-
dence rate of treatment initiation was 5.45 per 100 
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PYs, and cumulative percentage by year 7 was 27% 
(Table 2; Fig. 3C). These participants were more 
likely to be Asian, HBeAg positive, and to have 
cirrhosis, HBV genotype C, higher HBV DNA, 
HBsAg, ALT, APRI, and lower platelet counts at 
baseline than those who did not start treatment 
(Supporting Table S2).

Serum alt Flare ≥10 × UlN
Eighty- three participants had at least one incident 

ALT flare (incidence  =  1.51 per 100 PYs), yielding 
a cumulative percentage at year 7 of 8% (Table 2; 
Fig.  4). These participants were younger, more likely 
to be HBeAg positive, and to have cirrhosis, higher 
HBV DNA, HBsAg, ALT, and APRI, but lower 
platelet count at baseline, than those who did not have 
ALT flare (Supporting Table S3). The vast majority 
(96%; 80 of 83) did not have any clinical outcome or 
incident cirrhosis after the flare, though 33 started 
treatment after the flare.

transition to HBeag or HBsag 
Negative Status

Of the 330 participants who were HBeAg pos-
itive at enrollment and had follow- up HBeAg test-
ing, 118 became HBeAg negative (incidence = 11.69 
per 100 PYs) with cumulative percentage by year 7 of 
55% (Table 2; Supporting Fig. S1A). Rates of clinical 
outcomes were similar in those who became HBeAg 
negative as those who remained positive. Participants 

who became HBeAg negative were older, more likely 
to have genotype A infection, and to have lower HBV 
DNA and HBsAg levels at baseline than those who 
remained HBeAg positive. Of the 118 participants 
who became HBeAg negative, 82 did so sponta-
neously and the other 36 a median of 1.7 years after 
treatment initiation.

Ninety of the 1,329 participants with follow- up 
HBsAg tests became HBsAg negative (inci-
dence = 1.52 per 100 PYs) with cumulative percent-
age by year 7 of 12% (Table 2; Supporting Fig. S1B). 
None of the participants who became HBsAg neg-
ative subsequently experienced any clinical outcome. 
Participants who became HBsAg negative were older, 
more likely to be men, non- Asian, HBeAg negative, 
and to have lower HBV DNA and HBsAg levels and 
normal AST and ALT at baseline than those who 
remained HBsAg positive. Of the 90 participants who 
became HBsAg negative, 86 did so spontaneously 
and the other 4 a median of 3.1 years after treatment 
initiation.

Changes in apRI or FIB- 4 Categories
Liver fibrosis remained largely unchanged, with 

80%- 88% participants remaining in the same APRI 
or FIB- 4 category during follow- up and similar pro-
portions moved either up or down one category and 
≤1% moved two categories.

Discussion
The large number of participants in the HBRN 

Adult Cohort Study with diverse race and HBV gen-
otypes and a median follow- up of 5 years (maximum 
8 years) provided a unique opportunity to examine the 
outcomes of mostly untreated patients with inactive 
chronic HBV infection residing in North America.

We found a very low rate (2% at 7 years) of clin-
ical outcomes (incident cirrhosis, HD, HCC, LT, or 
HBV- related deaths) in this contemporary cohort 
followed at liver centers in the United States and in 
Toronto, Ontario, Canada. This contrasts with reports 
in the 1980s and 1990s before the availability of AVT, 
where combined rates of cirrhosis and HCC develop-
ment among patients with chronic hepatitis B (CHB) 
were 10%- 20% after 5- year follow- up, with evolu-
tion to cirrhosis being more common in European 

FIg. 4. Cumulative probability of incident ALT flares.
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studies and HCC more common in Asian stud-
ies.(4,5,29) Our results also differ from the more recent 
REVEAL (Risk Evaluation of Viral Load Elevation 
and Associated Liver. Disease) study in Taiwan, which 
enrolled 3,653 untreated persons with chronic HBV 
infection enrolled from the community between 1991 
and 1992, in which 10.2%, 4.5%, and 4.5% participants 
had incident cirrhosis, HCC, and liver- related mortal-
ity after a median follow- up of 11.0- 12.5 years.(3,30- 32)

There are several reasons why the outcomes of 
our study were more favorable, foremost being the 
exclusion of patients who were receiving AVT at 
the time of enrollment. Given that guidelines rec-
ommend that patients with advanced fibrosis or 
cirrhosis and those with active liver disease should 
receive AVT, the HBRN Adult Cohort Study, by 
design, targeted patients with less active and/or less 
advanced liver disease for enrollment. Indeed, only 
1.5% of participants were deemed to have baseline 
cirrhosis, and only 35% were classified as having 
HBeAg- positive or - negative chronic hepatitis. In 
fact, one- third of participants had normal baseline 
ALT using lower sex- based ULN.

Although our cohort was not dissimilar to the 
REVEAL cohort in sex, age, preponderance of sub-
jects being HBeAg negative, low percent with cirrho-
sis (1.5% vs. 2%), and not receiving AVT at baseline, 
there were major differences. All participants in the 
REVEAL cohort were Chinese who likely acquired 
HBV infection perinatally or during early childhood 
and were infected with HBV genotypes B or C. 
Though the majority of our cohort were Asians with 
genotypes B and C, our cohort also included 10% 
Whites and 13% Blacks, and 26% were infected with 
HBV genotypes other than B or C. Another major 
difference was that our cohort began one decade later 
than the REVEAL cohort, when NA therapy was 
widely available. Indeed, 19% of participants in our 
study started AVT per standard of care, and treatment 
might have averted clinical outcomes in some of these 
participants. One additional difference was that dura-
tion of follow- up in our study was shorter than the 
REVEAL study.

Multiple studies have shown that AVT, particularly 
long- term NA therapy, decreases the risk of clinical 
outcomes, but does not completely eliminate HCC 
risk.(13- 18) One study of 1,951 Caucasians with CHB, 
including 27% with cirrhosis who had received either 
entecavir or tenofovir for >5  years, found that risk 

factors for HCC after year 5 included age >50 and 
lower platelets at both baseline and year 5.(14) In our 
study, both participants who developed HCC while 
receiving NA therapy were >50.

As expected, we found a marked difference in clin-
ical outcomes between participants with and those 
without baseline cirrhosis. Previous studies have 
shown that clinical outcomes are associated with male 
sex, older age, HBV genotype C, higher HBV DNA, 
higher ALT, and cirrhosis,(2- 4,6,30,33) and HCC is more 
common among Asians and Blacks than Whites.(34) 
Whereas the low incidence of clinical outcomes in 
this study precludes meaningful analysis of baseline 
and longitudinal factors, among the 8 participants 
with major clinical outcomes, 7 were men and median 
age was 57 years. However, despite the predominance 
of Asians, half (4 of 8) of the participants (2 of 5 with 
HCC) with major clinical outcomes were White. The 
significance of our finding is unclear given the small 
numbers.

Increasing attention has been given to whether or 
not patients with minimally elevated or normal ALT 
would benefit from AVT, but the data are difficult to 
interpret because of the varied definition of normal 
ALT.(35- 37) In our study, 18 participants who did not 
receive AVT before having the first major clinical 
outcome or incident cirrhosis had detectable baseline 
HBV DNA. Of these, 8 (1 with and 7 without base-
line cirrhosis) would have met AASLD guidelines 
(HBV DNA >20,000  IU/mL for HBeAg- positive 
and >2,000 IU/mL for HBeAg- negative patients and 
ALT >2× ULN) for treatment. However, not all 18 
would have met criteria for treatment even if the cri-
teria were expanded to include lower HBV- DNA cut-
off or ALT 1- 2× ULN.

Severe hepatitis flares can precipitate HD in 
patients with advanced fibrosis or cirrhosis, and recur-
rent hepatitis flares may increase the risk of cirrhosis 
and HCC. In this study, 83 untreated participants had 
at least one incident ALT flare. None of the partici-
pants with major clinical outcomes had a documented 
ALT flare during follow- up whereas 2 of 18 partici-
pants with incident cirrhosis had transient ALT flare 
before diagnosis of incident cirrhosis. The other par-
ticipants did not have any clinical outcomes following 
the flare, though 33 started treatment after the first 
flare, which might have averted outcomes.

HBeAg clearance and HBsAg clearance have been 
shown to improve clinical outcomes.(2,4,38- 40) In this 
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study, of the 26 participants with clinical outcomes, 
none had become HBsAg negative before the out-
comes whereas 5 of 9 participants who were initially 
HBeAg positive became HBeAg negative before their 
first outcome. Of note, the majority of participants 
who became HBeAg negative or HBsAg negative did 
so spontaneously.

The strengths of our study include the large num-
ber of participants of diverse race and HBV geno-
types in contrast to studies in Asia, which included 
only Asians with genotypes B and C, and studies 
in Europe, which included mostly Caucasians with 
genotypes A and D. In addition, we used central 
laboratories for HBV testing and adjudicated clin-
ical outcomes. Nevertheless, our study has several 
limitations. First, it was clinic based and not popu-
lation based; however, the enrollment of patients not 
receiving treatment more closely mimics patients in 
the community than those seen in academic liver 
centers. Second, neither liver biopsy nor liver elas-
tography measurements were routinely available to 
corroborate disease activity and extent of fibrosis, but 
the low percentage of patients with baseline cirrho-
sis was corroborated by APRI and FIB- 4. Another 
perceived limitation is that 19% of our participants 
started AVT during the study (an additional 8% 
enrolled into HBRN clinical trials, but data after 
enrollment into trials were excluded from analysis), 
which might have altered the clinical course. We, 
however, view this as a strength given that this rep-
resents the current standard of care.

In summary, we found a low incidence of adverse 
outcomes in this large cohort of racially diverse per-
sons with chronic HBV infection living in North 
America. The majority of clinical outcomes occurred 
in patients with cirrhosis at baseline or during follow-  
up and none in participants who lost HBsAg, con-
firming the clinical benefits of HBsAg loss in the 
absence of cirrhosis— the definition of functional cure 
of hepatitis B. Our data support that early diagnosis, 
linkage to care, close monitoring, and treatment initi-
ation, when indicated, can prevent adverse outcomes 
and that treatment upon diagnosis may not be neces-
sary for all patients.

Acknowledgment: In addition to the authors, the 
HBRN acknowledges the contributions of the fol-
lowing:  Harvard Consortium:  Jianghe Niu, Ph.D., 
Asad Javaid, M.B.B.S., Bilal Nasir, M.B.B.S., Ammu 

Susheela, M.B.B.S., Imad Nasser, M.D. (Beth 
Israel Deaconess Medical Center, Boston, MA), 
Arley Donovan, Nifasha Rusibamayila, Cara Foley 
(Massachusetts General Hospital, Boston, MA).  
Minnesota Alliance for Research in Chronic Hepatitis 
B:  Alisha C. Stahler, Linda Stadheim, R.N. (Mayo 
Clinic Rochester, Rochester, MN), John Lake, M.D., 
Philip Lacher (University of Minnesota, Minneapolis, 
MN).  Midwest Hepatitis B Consortium:  Kathryn 
Rushing, R.N. (Saint Louis University School of 
Medicine, St. Louis, MO), Debra DeMarco Shaw, 
R.N., B.S.N., Lisa Kessels, R.N., Michael K. Klebert, 
Ph.D., R.N., A.N.P.- B.C. (Washington University 
School of Medicine, St. Louis, MO).  University 
of Toronto Consortium:  Seham Noureldin, Ph.D., 
Danie La, R.N., Lucie Liu, M.Sc., C.C.R.P., Diana 
Kaznowski, R.N., Jiayun Chen, Fengfei Huang, 
Doinita Vladutu, Orlando Cerocchi (Toronto 
General Hospital, Toronto, Ontario, Canada).  HBV 
CRN North Texas Consortium:  Debra Rowan, 
L.V.N. (Division of Digestive and Liver Diseases, 
University of Texas Southwestern Medical Center 
at Dallas, Dallas, TX), Sheila Bass (University of 
Texas Southwestern, Dallas, TX), Barbara Lilly, B.S. 
(Baylor University Medical Center, Dallas, TX).  Los 
Angeles Hepatitis B Consortium:  Samuel French, 
M.D., Velma Peacock, R.N. (David Geffen School of 
Medicine, UCLA, Los Angeles, CA).  San Francisco 
Hepatitis B Research Group Consortium:  Marion 
Peters, M.D., Ashley Shobe, M.S., Rayshawnda 
Davis, Romuald Kuras, Claudia Ayala, M.S., Ivy Lau, 
B.S. (University of California- San Francisco, San 
Francisco, CA), Veronika Podolskaya, B.S., N.C.P.T., 
Anna von Bakonyi, L.V.N., C.C.R.C., Nata DeVole, 
R.N. (California Pacific Medical Center Research 
Institute, San Francisco, CA).  Michigan Hawaii 
Consortium:  Barbara McKenna, M.D., Karen Choi, 
M.D., Kelly Oberhelman, P.A.C., Sravanthi Kaza, 
Bpharm, Isabel Moran, B.S. (University of Michigan, 
Ann Arbor, MI), Leslie Huddleston, N.P., Richmond 
Wong (The Queen’s Medical Center, University of 
Hawaii, Honolulu, HI).  Chapel Hill, NC Consortium:  
A. Sidney Barritt, M.D., Tiffany Marsh, B.A., 
Vikki Metheny, A.N.P., Danielle Cardona, P.A.- C. 
(University of North Carolina at Chapel Hill, Chapel 
Hill, NC).  Virginia Commonwealth University 
Medical Center:  Paula G. Smith, R.N., B.S.N., 
Charlotte Hofmann, R.N. (Virginia Commonwealth 
University Health System, Richmond, VA).  PNW/
Alaska Clinical Center Consortium:  Alycia Wolfstone, 



Hepatology, June 2021LOK ET AL.

2138

R.N., M.N. (University of Washington Medical 
Center, Seattle, WA) Jody Mooney, Lupita Cardona- 
Gonzalez (Virginia Mason Medical Center, Seattle, 
WA).  Liver Diseases Branch, NIDDK, NIH:  Nancy 
Fryzek, R.N., B.S.N., Elenita Rivera, B.S.N., Nevitt 
Morris, Vanessa Haynes- Williams, Amy Huang, R.N., 
Catherine Nadal, R.N., M.S., Jaha Norman- Wheeler, 
R.N., B.A. (National Institutes of Health, Bethesda, 
MD).  Liver Disease Research Branch, NIDDK, NIH:  
Jay H. Hoofnagle, M.D., Averell H. Sherker, M.D., 
Edward Doo, M.D., Rebecca J. Torrance, R.N., M.S., 
Sherry R. Hall, M.S. (National Institutes of Health, 
Bethesda, MD).  Immunology Center:  Mary E. Valiga, 
R.N., Keith Torrey, B.S., Danielle Levine, B.S., James 
Keith, B.S., Michael Betts, Ph.D. (University of 
Pennsylvania, Philadelphia, PA), Luis J. Montaner, 
D.V.M., D.Phil. (Wistar Institute, Philadelphia, PA).  
Data Coordinating Center:  Frani Averbach, M.P.H., 
Tamara Haller, Regina Hardison, M.S., Stephanie 
Kelley, M.S., Sharon Lawlor, M.B.A., Hsing- Hua 
S. Lin, M.S., Ph.D., Manuel Lombardero, M.S., 
Andrew Pelesko, B.S., Donna Stoliker, Melissa 
Weiner, M.P.H., Ella Zadorozny, M.S., Qian Zhao, 
Ph.D. (Graduate School of Public Health, University 
of Pittsburgh, Pittsburgh, PA).

the HBRN: Harvard Consortium: Raymond T. 
Chung, M.D. (Massachusetts General Hospital, 
Boston, MA). Minnesota Alliance for Research in 
Chronic Hepatitis B Consortium: Lewis R. Roberts, 
M.B., Ch.B., Ph.D. (Mayo Clinic Rochester, 
Rochester, MN). Midwest Hepatitis B Consortium: 
Mauricio Lisker- Melman, M.D. (Washington 
University School of Medicine, St. Louis, MO). 
University of Toronto Consortium: David K. Wong, 
M.D. (Toronto General Hospital, Toronto, Ontario, 
Canada), Joshua Juan, M.D. (Toronto General 
Hospital, Toronto, Ontario, Canada), Colina Yim, 
N.P., M.N. (Toronto General Hospital, Toronto, 
Ontario, Canada), Keyur Patel, M.D. (Toronto 
General Hospital, Toronto, Ontario, Canada). HBV 
CRN North Texas Consortium: William M. Lee, M.D. 
(Division of Digestive and Liver Diseases, University 
of Texas Southwestern Medical Center at Dallas, 
Dallas, TX), Carol S. Murakami, M.D. (Division of 
Digestive and Liver Diseases, University of Texas 
Southwestern Medical Center at Dallas, Dallas, TX), 
Son Do, M.D. (University of Texas Southwestern, 
Dallas, TX). Los Angeles Hepatitis B Consortium: 
Steven- Huy B. Han, M.D. (David Geffen School of 

Medicine, UCLA, Los Angeles, CA), Tram T. Tran, 
M.D. (Cedars Sinai Medical Center, Los Angeles, 
CA). San Francisco Hepatitis B Research Group 
Consortium: Stewart L. Cooper, M.D. (Division 
of General and Transplant Hepatology, California 
Pacific Medical Center, San Francisco, CA). Michigan 
Hawaii Consortium: Naoky Tsai, M.D. (The Queen’s 
Medical Center, University of Hawaii, Honolulu, 
HI), Barak Younoszai, D.O. (The Queen’s Medical 
Center, University of Hawaii, Honolulu, HI). Chapel 
Hill, NC Consortium: Andrew Muir, M.D. (Duke 
University Medical Center, Durham, NC), Donna 
Evon, Ph.D. (University of North Carolina at Chapel 
Hill, Chapel Hill, NC), Jama M. Darling, M.D. 
(University of North Carolina at Chapel Hill, Chapel 
Hill, NC). PNW/Alaska Clinical Center Consortium: 
Robert C. Carithers, M.D. (University of Washington 
Medical Center, Seattle, WA), Kris V. Kowdley, 
M.D. (Virginia Mason Medical Center, Seattle, 
WA), Chia C. Wang, M.D. (Virginia Mason Medical 
Center, Seattle, WA). Virginia Commonwealth 
University Medical Center: Velimir A. Luketic, 
M.D. (Virginia Commonwealth University Health 
System, Richmond, VA). Liver Diseases Branch, 
NIDDK: T. Jake Liang, M.D. (National Institutes 
of Health, Bethesda, MD). Liver Disease Research 
Branch, NIDDK: Jay H. Hoofnagle, M.D. (National 
Institutes of Health, Bethesda, MD), Edward Doo, 
M.D. (National Institutes of Health, Bethesda, 
MD). Immunology Center: Kyong- Mi Chang, M.D., 
(University of Pennsylvania Perelman School of 
Medicine, Philadelphia, PA), Jang- June Park, Ph.D. 
(University of Pennsylvania Perelman School of 
Medicine, Philadelphia, PA). Data Coordinating 
Center: Abdus Wahed, Ph.D. (Graduate School of 
Public Health, University of Pittsburgh, Pittsburgh, 
PA), Wendy C. King, Ph.D. (Graduate School of 
Public Health, University of Pittsburgh, Pittsburgh, 
PA). Central Pathology: David Kleiner, M.D., Ph.D. 
(Center for Cancer Research, National Cancer 
Institute, NIH, Bethesda, MD).

Author Contributions: Conceptualization: ASL, RP, CL, 
SB, MGG, MK, RKS, HLAJ. Data curation: ASL, RP, 
CL, SB, MGG, MK, RKS, HLAJ. Formal analysis: CL, 
SB. Investigation: ASL, RP, MF, MGG, MK, RF, RKS, 
NT, JF, AD, DL, MS, MH, HLAJ. Writing original draft: 
ASL, RP, CL, SB, MGG, MK, RF, RKS, HLAJ. Writing –  
review & editing: ASL, RP, CL, MF, SB, MGG, MK, 
RF, RKS, NT, JF, AD, DL, MS, MH, HLAJ.



Hepatology, Vol. 73, No. 6, 2021 LOK ET AL.

2139

ReFeReNCeS
 1) Le MH, Yeo YH, Cheung R, Henry L, Lok AS, Nguyen MH. 

Chronic hepatitis B prevalence among foreign- born and U.S.- 
born adults in the United States, 1999- 2016. Hepatology 
2020;71:431- 443.

 2) Liaw YF. Natural history of chronic hepatitis B virus infection and 
long- term outcome under treatment. Liver Int 2009;29(Suppl. 1): 
100- 107.

 3) Iloeje UH, Yang HI, Chen CJ. Natural history of chronic 
hepatitis B: what exactly has REVEAL revealed? Liver Int 
2012;32:1333- 1341.

 4) Fattovich G, Bortolotti F, Donato F. Natural history of chronic 
hepatitis B: special emphasis on disease progression and prognos-
tic factors. J Hepatol 2008;48:335- 352.

 5) Papatheodoridis GV, Manesis E, Hadziyannis SJ. The long- 
term outcome of interferon- alpha treated and untreated pa-
tients with HBeAg- negative chronic hepatitis B. J Hepatol 
2001;34:306- 313.

 6) Yu MW, Yeh SH, Chen PJ, Liaw YF, Lin CL, Liu CJ, et al. 
Hepatitis B virus genotype and DNA level and hepatocellu-
lar carcinoma: a prospective study in men. J Natl Cancer Inst 
2005;97:265- 272.

 7) Shimakawa Y, Lemoine M, Njai HF, Bottomley C, Ndow G, 
Goldin RD, et al. Natural history of chronic HBV infection in 
West Africa: a longitudinal population- based study from The 
Gambia. Gut 2016;65:2007- 2016.

 8) Ching LK, Gounder PP, Bulkow L, Spradling PR, Bruce MG, 
Negus S, et al. Incidence of hepatocellular carcinoma according 
to hepatitis B virus genotype in Alaska Native people. Liver Int 
2016;36:1507- 1515.

 9) McMahon BJ. The natural history of chronic hepatitis B virus in-
fection. Hepatology 2009;49(5 Suppl.):S45- S55.

 10) Tong MJ, Hsien C, Hsu L, Sun HE, Blatt LM. Treatment rec-
ommendations for chronic hepatitis B: an evaluation of current 
guidelines based on a natural history study in the United States. 
Hepatology 2008;48:1070- 1078.

 11) Aberra H, Desalegn H, Berhe N, Mekasha B, Medhin G, 
Gundersen SG, et al. The WHO guidelines for chronic hepati-
tis B fail to detect half of the patients in need of treatment in 
Ethiopia. J Hepatol 2019;70:1065- 1071.

 12) Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson 
IM, et al. Regression of cirrhosis during treatment with tenofo-
vir disoproxil fumarate for chronic hepatitis B: a 5- year open- label 
 follow- up study. Lancet 2013;381:468- 475.

 13) Wong GL, Chan HL, Mak CW, Lee SKY, Ip ZMY, Lam ATH, 
et al. Entecavir treatment reduces hepatic events and deaths in 
chronic hepatitis B patients with liver cirrhosis. Hepatology 
2013;58:1537- 1547.

 14) Papatheodoridis GV, Idilman R, Dalekos GN, Buti M, Chi H, van 
Boemmel F, et al. The risk of hepatocellular carcinoma decreases 
after the first 5 years of entecavir or tenofovir in Caucasians with 
chronic hepatitis B. Hepatology 2017;66:1444- 1453.

 15) Wu CY, Lin JT, Ho HJ, Su CW, Lee TY, Wang SY, et al. 
Association of nucleos(t)ide analogue therapy with reduced risk 
of hepatocellular carcinoma in patients with chronic hepatitis B: a 
nationwide cohort study. Gastroenterology 2014;147:143- 151.e5.

 16) Su TH, Hu TH, Chen CY, Huang YH, Chuang WL, Lin CC, 
et  al. Four- year entecavir therapy reduces hepatocellular car-
cinoma, cirrhotic events and mortality in chronic hepatitis B 
 patients. Liver Int 2016;36:1755- 1764.

 17) Papatheodoridis GV, Sypsa V, Dalekos G, Yurdaydin C, van 
Boemmel F, Buti M, et al. Eight- year survival in chronic hepatitis 
B patients under long- term entecavir or tenofovir therapy is simi-
lar to the general population. J Hepatol 2018;68:1129- 1136.

 18) Gordon SC, Lamerato LE, Rupp LB, Li J, Holmberg SD, 
Moorman AC, et al. Antiviral therapy for chronic hepatitis B virus 
infection and development of hepatocellular carcinoma in a US 
population. Clin Gastroenterol Hepatol 2014;12:885- 893.

 19) Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HLY, Chen CJ, 
et al. Asian- Pacific clinical practice guidelines on the management 
of hepatitis B: a 2015 update. Hepatol Int 2016;10:1- 98.

 20) European Association for the Study of the Liver. Clinical Practice 
Guidelines on the management of hepatitis B virus infection. J 
Hepatol 2017;67:370- 398.

 21) Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, 
Jonas MM, et al. Update on prevention, diagnosis, and treat-
ment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. 
Hepatology 2018;67:1560- 1599.

 22) Ghany MG, Perrillo R, Li R, Belle SH, Janssen HLA, Terrault 
NA, et al. Characteristics of adults in the hepatitis B research net-
work in North America reflect their country of origin and hepatitis 
B virus genotype. Clin Gastroenterol Hepatol 2015;13:183- 192.

 23) Feld JJ, Terrault NA, Lin HS, Belle SH, Chung RT, Tsai N, et al. 
Entecavir and peginterferon alfa- 2a in adults with hepatitis B e 
antigen- positive immune- tolerant chronic hepatitis B virus infec-
tion. Hepatology 2019;69:2338- 2348.

 24) University of Pittsburgh, National Center for Research Resources. 
Combination Therapy of Pegylated Interferon Alfa- 2a and 
Tenofovir Versus Tenofovir Monotherapy in Chronic Hepatitis B 
(HBRN). ClinicalTrials.gov Identifier: NCT01369212. Bethesda, 
MD: U.S. National Library of Medicine, NIH; 2020.

 25) Ganova- Raeva L, Ramachandran S, Honisch C, Forbi JC, Zhai X, 
Khudyakov Y. Robust hepatitis B virus genotyping by mass spec-
trometry. J Clin Microbiol 2010;48:4161- 4168.

 26) Di Bisceglie AM, Lombardero M, Teckman J, Roberts L, 
Janssen HL, Belle SH, et al. Determination of hepatitis B phe-
notype using biochemical and serological markers. J Viral Hepat 
2017;24:320- 329.

 27) Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, 
Conjeevaram HS, et al. A simple noninvasive index can predict 
both significant fibrosis and cirrhosis in patients with chronic 
hepatitis C. Hepatology 2003;38:518- 526.

 28) Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, 
Montaner J, et al. Development of a simple noninvasive index to 
predict significant fibrosis in patients with HIV/HCV coinfec-
tion. Hepatology 2006;43:1317- 1325.

 29) Yu MW, Hsu FC, Sheen IS, Chu CM, Lin DY, Chen CJ, et al. 
Prospective study of hepatocellular carcinoma and liver cirrhosis in 
asymptomatic chronic hepatitis B virus carriers. Am J Epidemiol 
1997;145:1039- 1047.

 30) Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, et al. Risk of 
hepatocellular carcinoma across a biological gradient of serum 
hepatitis B virus DNA level. JAMA 2006;295:65- 73.

 31) Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ. Predicting 
cirrhosis risk based on the level of circulating hepatitis B viral 
load. Gastroenterology 2006;130:678- 686.

 32) Iloeje UH, Yang HI, Jen CL, Su J, Wang LY, You SL, et al. Risk 
and predictors of mortality associated with chronic hepatitis B in-
fection. Clin Gastroenterol Hepatol 2007;5:921- 931.

 33) Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, et al. 
Associations between hepatitis B virus genotype and mutants 
and the risk of hepatocellular carcinoma. J Natl Cancer Inst 
2008;100:1134- 1143.

 34) Yang JD, Altekruse SF, Nguyen MH, Gores GJ, Roberts LR. 
Impact of country of birth on age at the time of diagnosis of he-
patocellular carcinoma in the United States. Cancer 2017;123: 
81- 89.

 35) Hoang JK, Yang HI, Le A, Nguyen NH, Lin D, Vu VD, et al. 
Lower liver cancer risk with antiviral therapy in chronic hepatitis 



Hepatology, June 2021LOK ET AL.

2140

B patients with normal to minimally elevated ALT and no cirrho-
sis. Medicine (Baltimore) 2016;95:e4433.

 36) Shim JJ, Kim JW, Oh CH, Lee YR, Lee JS, Park SY, et al. Serum 
alanine aminotransferase level and liver- related mortality in pa-
tients with chronic hepatitis B: a large national cohort study. Liver 
Int 2018;38:1751- 1759.

 37) Choi GH, Kim GA, Choi J, Han S, Lim YS. High risk of clinical 
events in untreated HBeAg- negative chronic hepatitis B patients 
with high viral load and no significant ALT elevation. Aliment 
Pharmacol Ther 2019;50:215- 226.

 38) Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu CM, 
et al. Long- term outcome after spontaneous HBeAg sero-
conversion in patients with chronic hepatitis B. Hepatology 
2002;35:1522- 1527.

 39) Kim GA, Lim YS, An J, Lee D, Shim JH, Kim KM, et al. HBsAg 
seroclearance after nucleoside analogue therapy in patients 
with chronic hepatitis B: clinical outcomes and durability. Gut 
2014;63:1325- 1332.

 40) Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Batrla- Utermann R, 
et al. Spontaneous seroclearance of hepatitis B seromarkers 
and subsequent risk of hepatocellular carcinoma. Gut 2014;63: 
1648- 1657.

Supporting Information
Additional Supporting Information may be found at 

onlinelibrary.wiley.com/doi/10.1002/hep.31554/suppinfo.

http://onlinelibrary.wiley.com/doi/10.1002/hep.31554/suppinfo

