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Abstract

A care cascade is a critical tool for evaluating delivery of care for chronic infections across
sequential stages, starting with diagnosis and ending with viral suppression. However, there
have been few data describing the hepatitis B virus (HBV) care cascade among people living
with HIV infection who have HBV coinfection. We conducted a cross-sectional study among
people living with HIV and HBV coinfection receiving care between January 1, 2012 and
December 31, 2016 within 13 United States and Canadian clinical cohorts contributing data
to the North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD).
We evaluated each of the steps in this cascade, including: 1) laboratory-confirmed HBV
infection, 2) tenofovir-based or entecavir-based HBV therapy prescribed, 3) HBV DNA
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measured during treatment, and 4) viral suppression achieved via undetectable HBV DNA.
Among 3,953 persons with laboratory-confirmed HBV (median age, 50 years; 6.5% female;
43.8% were Black; 7.1% were Hispanic), 3,592 (90.9%; 95% confidence interval, 90.0—
91.8%) were prescribed tenofovir-based antiretroviral therapy or entecavir along with their
antiretroviral therapy regimen, 2,281 (57.7%; 95% confidence interval, 56.2—59.2%) had
HBV DNA measured while on therapy, and 1,624 (41.1%; 95% confidence interval, 39.5—
42.6) achieved an undetectable HBV DNA during HBV treatment. Our study identified signif-
icant gaps in measurement of HBV DNA and suppression of HBV viremia among people liv-
ing with HIV and HBV coinfection in the United States and Canada. Periodic evaluation of
the HBV care cascade among persons with HIV/HBV will be critical to monitoring success in
completion of each step.

Introduction

Hepatitis B virus (HBV) infection is common among people with HIV (PWH), with a preva-
lence ranging from 5-15% [1]. Research has shown that detectable HBV viremia among PWH
with HBV coinfection is associated with increased rates of hepatocellular carcinoma (HCC)
[2]. HBV suppression with HBV-active antiretroviral therapy (ART) reduces risk of HCC and
decompensated cirrhosis [2, 3].

In May 2016, the World Health Assembly adopted the Global Health Sector Strategy on
Viral Hepatitis, which called for the elimination of viral hepatitis as a public health threat by
2030 [4]. Elimination was defined as a 90% reduction in incidence and a 65% reduction in the
number of related deaths from levels as of 2015 [5]. The strategy addressed all five hepatitis
viruses (i.e., hepatitis A, B, C, D, and E), but HBV was of particular focus because of its public
health burden.

Monitoring progress towards these global targets across different settings will be crucial
to the elimination of HBV infection [6, 7]. Care cascades have emerged as a critical tool for
evaluating the delivery of care across sequential stages of management of chronic viral infec-
tions, starting with diagnosis of the infection and ending with viral suppression or cure [8-
12]. The HIV care cascade (consisting of steps for diagnosis, linkage to care, retention in
care, prescription of antiretroviral therapy, and viral suppression) has been an effective tool
for improving the health of PWH and for achieving the public health benefits of ART [8, 9].
The hepatitis C virus (HCV) care cascade (consisting of steps for diagnosis, confirmatory
HCV RNA testing, prescription of direct-acting antiviral therapy, and viral cure) has been
used to assess the delivery of HCV-related care in a variety of settings and has been impor-
tant for monitoring progress toward HCV elimination goals [10-12]. In contrast, there have
been few data describing the HBV care cascade, particularly among PWH with HBV coin-
fection [13]. This information is crucially important for establishing baseline metrics of
HBV care among PWH. These data can also help to identify gaps in HBV management
among PWH; enable national, regional, and local agencies to prioritize and target resources

to close those gaps; and promote stakeholder involvement and collaboration, all of which
support achievement of the 2030 World Health Organization HBV elimination goals [14].

In this study, we describe the HBV care cascade among PWH with HBV coinfection from
2012-2016, which can serve as baseline measures to assess progress toward HBV elimination
goals.
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Methods
Study design and data source

We conducted a cross-sectional study among PWH with HBV coinfection receiving care
between January 1, 2012 and December 31, 2016 within 13 United States (US) and Canadian
clinical cohorts contributing data to the North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD). These cohorts include PWH who are engaged in care
(>2 HIV clinic visits within 12 months) [8]. At regular intervals, cohorts collect and securely
transfer data (demographic, diagnostic, medication, sociobehavioral, laboratory, vital status
information) to the Data Management Core (University of Washington) for harmonization
and quality control checks. Data are transferred to the Epidemiology/Biostatistics Core (Johns
Hopkins University) for additional quality checks and creation of analytic-ready files. NA-AC-
CORD research has been approved by the Institutional Review Boards of each cohort. This
nested study was also approved by the University of Pennsylvania Institutional Review Board.
We did not have access to information that could identify individual participants during or
after data collection, and informed consent was waived given the de-identified nature of these
data. The study was conducted between February 2022 and March 2023.

Study patients

We focused on adult (>18 years) PWH who were alive with HBV coinfection as of 2012 to
assess HBV care when tenofovir-based ART and HBV-specific management guidelines were
accessible [15]. PWH in NA-ACCORD were eligible for inclusion if they had: 1) HBV coinfec-
tion (defined by >1 positive HBV surface antigen, >1 positive HBV e antigen, or any detect-
able HBV DNA) prior to December 31, 2016; 2) >365 days of observation in NA-ACCORD
after their qualifying HBV laboratory test between January 1, 2012 and December 31, 2016;
and 3) >1 HIV RNA and CD4+ cell measurement during the 2012-2016 period (to limit
inclusion to people in HIV care). All eligible patients were included.

HBYV care cascade steps

Care cascades may be prevalence-based (describing the number of people in each step as a per-
centage of those estimated to have the condition) or diagnosis-based (describing the number
of people in each step as a percentage of those confirmed to have the condition). We evaluated
a diagnosis-based cascade because we sought to determine the proportion meeting each step
among a denominator of PWH with laboratory-confirmed HBV coinfection. The main steps
in this cascade include: 1) laboratory-confirmed HBV infection, 2) tenofovir-based or enteca-
vir-based HBV therapy prescribed, 3) HBV DNA measured during treatment, and 4) viral sup-
pression achieved via undetectable HBV DNA.

For each individual with laboratory-confirmed HBV infection, we determined exposure to
a first-line HBV-active antiviral drug (i.e., tenofovir disoproxil fumarate [TDF], tenofovir ala-
fenamide [TAF], or entecavir) from 2012-2016. Since 2010, HIV treatment guidelines have
emphasized including tenofovir in the ART regimen of those with chronic HBV and avoidance
of lamivudine or emtricitabine monotherapy, which can promote development of HBV drug-
resistance mutations [15, 16]. If tenofovir cannot be safely used, entecavir may be administered
in addition to fully suppressive ART [15]. ART was defined as receipt of three antiretrovirals
from at least two classes [16]. We examined all available quantitative and qualitative HBV
DNA results from 2012-2016. We determined age at date of first qualifying HBV test and
selected the HIV RNA and CD4+ cell count closest to that date. Sex, race/ethnicity, and HIV
transmission risk factors were collected at NA-ACCORD enrollment.
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Statistical analysis

We described the diagnosis-based HBV care cascade as follows:

Step 1 (HBV Infection): Among eligible PWH in NA-ACCORD receiving HIV care between
2012-2016, we determined the number with laboratory-confirmed HBV infection.

Step 2 (Received Tenofovir or Entecavir): We calculated the proportion (with 95% confi-
dence interval [CI]) of PWH with HBV coinfection who, between 2012-2016, received
tenofovir-based ART (i.e., TDF or TAF) or entecavir along with an ART regimen.

Step 3 (HBV DNA Assessed): We calculated the proportion (with 95% CI) of PWH with
HBV coinfection who had any HBV DNA test (quantitative or qualitative) performed while
on HBV treatment (defined in Step 2) between 2012-2016. We determined the median
(interquartile range [IQR]) number of HBV DNA measures per patient between 2012-2016
for those who had this test performed. Additionally, to assess whether patients had HIV
RNA measured more frequently than HBV DNA, we determined the median number of
HIV RNA measures per patient between 2012-2016.

Step 4 (Undetectable HBV DNA): We calculated the proportion (with 95% CI) of PWH with
HBV coinfection who had an undetectable quantitative (i.e., HBV DNA <200 international
units [[U]/mL) or qualitative (i.e., negative) HBV DNA test during HBV treatment (defined
in Step 2) between 2012-2016.

Data were analyzed using SAS Enterprise Guide 8.2 (SAS Institute, Cary, NC).

Results

Between January 1, 2012 and December 31, 2016, there were 85,546 PWH in care within 13
clinical cohorts in NA-ACCORD. Within this sample, 73,860 (86.3%) PWH ever had HBV lab-
oratory testing, and 5,485 (6.4%) had laboratory-confirmed HBV coinfection. After excluding
those with <365 days of observation after the qualifying HBV laboratory test (n = 210) or no
avaijlable HIV RNA and CD4+ cell measurements during the observation period (n = 1,295),
3,953 people with HIV/HBV coinfection remained in the final sample (Fig 1). These individu-
als had a median age of 50 (IQR, 43-57) years, 6.5% were female, 43.8% were Black, and 7.1%
were Hispanic (Table 1).

Among the 3,953 PWH with HBV coinfection, 3,592 (90.9%; 95% CI, 90.0-91.8%) were
prescribed tenofovir-based ART or entecavir along with their ART regimen (Table 1; median
time on HBV therapy, 2.7 [IQR, 1.5-4.1] years), 2,281 (57.7%; 95% CI, 56.2-59.2%) had HBV
DNA measured while on therapy, and 1,624 (41.1%; 95% CI, 39.5-42.6) achieved an undetect-
able HBV DNA during HBV treatment (Fig 2). Among those who had HBV DNA measured,
1,624 (71.2%) achieved HBV suppression on therapy. The median number of HBV DNA mea-
sures per patient between 2012-2016 for those who had this test performed was 3 (IQR, 2-6).
In contrast, the median number of HIV RNA measures per patient between 2012-2016 was 8
(IQR, 4-12).

Discussion

In this study, we identified gaps in HBV-related management among PWH with HBV coinfec-
tion in care in the US and Canada. The largest drop-offs occurred in assessment of HBV DNA
and confirmation of HBV suppression on HBV-active therapy. Our study highlights opportu-
nities for improving HBV-related care among PWH with HBV coinfection in a population
known to be at risk for more accelerated liver disease progression.
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People with HIV (PWH) in NA-ACCORD?
January 1, 2012 — December 31, 2016

85,546

5,458
PWH ever diagnosed with HBV infection®
+ <365 days of observation after the
1,505 qualifying HBV laboratory test (n=210)
Excluded » No HIV RNA and CD4+ cell measurements
A from 2012-2016 (n=1,295)

Eligible PWH and HBV infection

3,953

Fig 1. Selection of people with HIV/hepatitis B virus coinfection within the North American AIDS Cohort Collaboration on Research and Design
(2012-2016). Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NA-ACCORD, North American AIDS Cohort Collaboration on
Research and Design; RNA, ribonucleic acid. * Includes 13 contributing clinical cohorts within NA-ACCORD. ® HBV co-infection determined by
positive HBV surface antigen, positive HBV e antigen, or detectable HBV DNA.

https://doi.org/10.1371/journal.pone.0290889.9001

We observed that 9.0% of PWH with HBV coinfection did not receive either tenofovir-
based ART or entecavir along with their ART regimen. The absence of anti-HBV therapy rep-
resents a missed opportunity for prevention of liver complications.

We found that only 57.7% of PWH with HBV coinfection were tested for HBV DNA while
on HBV therapy during the observation period. Moreover, the median number of HBV DNA
measures was much less than the median number of HIV RNA measures during the 5-year
observation period. In a prior study evaluating HBV DNA assessment among 357 people with
HIV/HBV coinfection in care at Parkland Health System, Texas from 1999-2003, only 16%
had HBV DNA measured [13]. Among a commercially-insured cohort of predominantly indi-
viduals with HBV monoinfection, 36% had either HBV DNA or HBV e antigen measured
within 12 months after HBV diagnosis [17]. HBV management guidelines suggest that HBV
DNA should be assessed every 3—6 months during HBV therapy to confirm HBV DNA sup-
pression [18]. Measuring HBV DNA levels with regular frequency is necessary to assess the
response of HBV DNA to antiviral therapy and confirm HBV suppression, a key benchmark
associated with improved clinical outcomes [2]. It may also motivate adherence to HBV
therapy.

Despite the increased risk of liver complications with elevated HBV DNA levels, only 41.1%
of PWH with HBV coinfection on HBV-active ART were confirmed to achieve an undetect-
able HBV DNA. Among PWH with HBV coinfection who had HBV DNA measured, 71.2%
had confirmed HBV suppression. HBV DNA >200 IU/mL is associated with a 2.7-fold higher
rate of HCC (hazard ratio = 2.70 [95% CI, 1.23-5.93]) [2]. Moreover, sustained (>1 year)
HBYV suppression with HBV-active ART is associated with a 58% reduction in the rate of HCC
[2]. Therefore, to ensure the maximal protective benefits from HBV-active ART, providers
should be aware of the importance of assessing HBV DNA and confirming HBV suppression.
Integrating reminders to measure HBV DNA in electronic medical record systems, creating
automated order sets, and provider education may help increase HBV DNA assessments in
clinical care [19].
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Table 1. Characteristics of people with HIV/hepatitis B virus coinfection in the North American AIDS Cohort

Collaboration on Research and Design (2012-2016).

Characteristic (n=3,953)
Age (n, %)*
Median (years, IQR) 49.7 (42.6-57.0)
<40 years 746 (18.9%)
40-49 years 1,265 (32.0%)
>50 years 1,940 (49.1%)

Male sex (n, %)°

3,696 (93.5%)

Race (n, %)°

White

1,776 (44.9%)

Black or African American

1,731 (43.8%)

Asian/Pacific Islander

82 (2.1%)

Multiracial, Other, Unknown

364 (9.2%)

Hispanic (n, %)°

271 (7.1%)

HIV transmission risk factors (n, %)°

Men who have sex with men

1,466 (37.1%)

History of injection drug use

841 (21.3%)

Receipt of blood transfusion, etc. 7 (0.2%)

Heterosexual contact 379 (9.6%)

Other 70 (1.8%)

Unknown 1,305 (33.0%)
HIV RNA (n, %)°

Median (log; copies/mL, IQR)

1.7 (1.3-3.0)

<75 copies/mL

2,522 (63.8%)

>75 copies/mL

1,431 (36.2%)

Absolute CD4+ cell count (n, %)°

Median (cells/mm?, IQR)

430 (245-647)

>500 cells/mm>

1,599 (40.5%)

200-499 cells/mm?

1,578 (39.9%)

<200 cells/mm?

776 (19.6%)

CD4+ cell percentage (n, %)°

Median (%, IQR)

24.1 (16.0-33.0)

>28% 1,571 (39.7%)
14-27.99% 1,591 (40.2%)
<14% 791 (20.0%)
HBV DNA (median, IQR; log;, IU/mL)d 1.7 (1.3-2.9)
HBYV therapy (n, %)°
Tenofovir' + (lamivudine or emtricitabine) 3,066 (77.6%)
Tenofovir! alone 512 (13.0%)
Lamivudine or emtricitabine alone 213 (5.4%)
Entecavir 21 (0.5%)
(Continued)
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Table 1. (Continued)

Characteristic (n=3,953)
Not prescribed HBV therapy 141 (3.6%)

Abbreviations: ART = antiretroviral therapy; HBV = hepatitis B virus; HIV = human immunodeficiency virus;

IQR = interquartile range; IU = international units; RNA = ribonucleic acid

* Age was measured as year of qualifying HBV test—year of birth.

® Sex, race/ethnicity, and HIV transmission risk factors were collected at enrollment into the NA-ACCORD.

“HIV RNA, CD4+ cell count, and CD4+ cell percentage were selected from dates closest to the first qualifying HBV
test (defined by positive HBV surface antigen, positive HBV e antigen, or detectable HBV DNA).

4 Median HBV DNA calculated using first available HBV DNA measured during 2012-2016 observation period.

¢ Based on prescriptions for HBV antivirals during 2012-2016 observation period. Persons ever prescribed tenofovir
+ (lamivudine or emtricitabine) during the observation period were classified in this group. Persons never prescribed
combination HBV therapy were evaluated for ever use of tenofovir alone or entecavir. Persons not prescribed any of
the three aforementioned regimens were then evaluated for use of lamivudine or emtricitabine. The remaining
individuals were classified as not having received HBV therapy.

fIncludes tenofovir disoproxil fumarate or tenofovir alafenamide.

https://doi.org/10.1371/journal.pone.0290889.t001

We did not include HCC surveillance as a step in our HBV care cascade because not all peo-
ple with HBV coinfection are currently recommended to undergo HCC surveillance. Accord-
ing to guidelines by the American Association for the Study of Liver Diseases [20], the
European Association for the Study of the Liver and European Organization for Research and
Treatment of Cancer [21], and the Asian-Pacific Association for the Study of the Liver [22],
HCC surveillance is only recommended for patients with chronic HBV infection and cirrhosis
as well as those without cirrhosis who have specific characteristics, such as family history of
HCC or certain age thresholds, sex, or race. Thus, since HCC surveillance is not currently rec-
ommended for all PWH with HBV coinfection, we did not include it in the cascade.

Our study has several potential limitations. First, we did not assess adherence to HBV ther-
apy. Measures of adherence to antiviral therapies, such as ART or HCV therapy, that are
assessed within observational studies (e.g., self-report or pharmacy-based refill measures) can
be inaccurate and are typically validated against the gold standard of viral suppression [23-
26]. Consequently, as the final step of our HBV care cascade, we assessed the proportion of
PWH with HBV coinfection who had an undetectable HBV DNA test during HBV treatment.
Future studies should determine the levels of adherence to HBV-active ART or entecavir
required to achieve HBV DNA suppression in PWH, which could serve as a target for patients

100%
90.9% (90.0 - 91.8)

57.7% (56.2 - 59.2)

Percent

41.1% (39.5 - 42.6)

HBV Infected Prescribed TDF, TAF, or ETV Tested for HBV DNA HBV DNA Suppressed
3,953 3,592 2,281 1,624

n=

Fig 2. Cascade of care among HIV/hepatitis B virus-coinfected persons within the North American AIDS Cohort
Collaboration on Research and Design (2012-2016). Abbreviations: ETV, entecavir; HBV, hepatitis B virus; TDF,
tenofovir disoproxil fumarate; TAF, tenofovir alafenamide.

https://doi.org/10.1371/journal.pone.0290889.g002
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to maximize their response to HBV therapy. Second, adefovir or telbivudine may be prescribed
for HBV treatment, but these antivirals are not collected by NA-ACCORD. However, they are
used infrequently in most settings, particularly among PWH. Third, this study utilized data
from 2012-2016 and may not entirely represent current practice. However, HBV management
guidelines in HIV have remained largely unchanged during the intervening time, arguing for
continued relevance of trends observed in this cascade of care. Finally, NA-ACCORD cohorts
included in this analysis represent US and Canadian demographics of PWH in care.

Conclusions

Our study identified significant gaps in measurement of HBV DNA and suppression of HBV
viremia among PWH with HBV coinfection in the US and Canada. Periodic evaluation of the
HBYV care cascade among persons with HIV/HBV will be critical to monitoring success in
completion of each step.

Supporting information
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