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Abstract

BACKGROUND AND AIMS: Histological and clinical outcomes in HBV-HIV coinfection in the 

era of combination antiretroviral therapy (cART) are poorly defined.

APPROACH AND RESULTS: Adult patients co-infected with HBV-HIV from eight North 

American sites were enrolled in this National Institutes of Health (NIH)–funded prospective 

observational study (n = 139). Demographic, clinical, serological, and virological data were 

collected at entry and every 24 weeks for ≤ 192 weeks. Paired liver biopsies were obtained 
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In a cohort of 114 adults with HBV-HIV followed for approximately 4 years, the composite clinical endpoint (hepatic 
decompensation/HCC/liver transplant/HBV-related death) and HBeAg loss were uncommon. In those with paired liver biopsies, 
there was slight improvement in liver inflammation but no significant change in fibrosis severity.
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at study entry and at ≥ 3 years of follow-up. Biopsies were assessed by a central pathology 

committee using the modified Ishak scoring system. Clinical outcome rate and changes in 

histology are reported. Among participants with follow-up data (n = 114), median age was 49 

years, 91% were male, 51% were non-Hispanic Black, and 13% had at-risk alcohol use, with a 

median infection of 20 years. At entry, 95% were on anti-HBV cART. Median CD4 count was 562 

cells/mm3 and 93% had HIV < 400 copies/mL. HBeAg was positive in 61%, and HBV DNA was 

below the limit of quantification (< 20 IU/mL) in 61% and < 1,000 IU/mL in 80%. Clinical events 

were uncommon across follow-up: one hepatic decompensation, two HCC, no liver transplants, 

and one HBV-related deaths, with a composite endpoint rate of 0.61/100 person-years. Incident 

cirrhosis (n = 1), alanine aminotransferase flare (n = 2), and HBeAg loss (n = 13) rates were 

0.40, 0.65, and 6.86 per 100 person-years, respectively. No participants had HBsAg loss. Paired 

biopsy (n = 62; median 3.6 years apart) revealed minimal improvement in Histologic Activity 

Index (median [interquartile range]: 3 [2–4] to 3 [1–3]; P = 0.02) and no significant change in 

fibrosis score (1 [1–2] to 1 [0–3]; P = 0.58).

CONCLUSIONS: In a North American cohort of adults with HBV-HIV on cART with 

virological suppression, clinical outcomes and worsening histological disease were uncommon. 

(HEPATOLOGY 2021;74:1174–1189).

Due to shared routes of transmission, co-infection with HBV and HIV is common.(1–7) 

Advances in combination antiretroviral therapy (cART) have greatly reduced acquired 

immunodeficiency syndrome (AIDS)–related mortality. As a result, liver-related morbidity 

and mortality is now a major concern in HBV-HIV co-infection.(8,9) Despite the widespread 

use of effective antiviral agents for both HBV and HIV, liver-related mortality remains the 

second-leading cause of death among co-infected patients.(5,8)

Current HIV treatment guidelines from the Department of Health and Human Services 

recommend that all persons with HBV-HIV co-infection be treated with cART containing 

tenofovir plus lamivudine or emtricitabine.(1–3,10,11) Despite the well-established guidelines 

on antiviral regimens in the management of individuals with HBV-HIV co-infection,
(1–3,10,11) there are limited prospective data on the clinical and histological impact of 

effective HBV suppression over time in those on cART.(12) Furthermore, because liver 

biopsy is not recommended in patients with HBV-HIV before or following initiation of 

cART, the changes in HBV-related histological disease in the era of tenofovir-containing 

cART is unknown. To address this knowledge gap, the HBV-HIV cohort, an NIH-funded 

ancillary study of the Hepatitis B Research Network (HBRN),(13) was initiated. The primary 

aim of this multicenter prospective cohort study was to assess histological changes by 

paired liver biopsy, in a well-characterized cohort of patients with HBV-HIV on cART in 

North America. Secondary aims were to describe clinical and virological outcomes in these 

participants to better define the natural history of clinical, biochemical, and serological 

events in this understudied population.
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Materials and Methods

STUDY DESIGN

Adult patients with HBV-HIV co-infection were recruited from eight HBRN sites 

in the United States and Canada (Virginia Commonwealth University; University of 

California, San Francisco; University of Texas, Southwestern; Johns Hopkins University; 

University Health Network, Toronto; Washington University Saint Louis; Massachusetts 

General Hospital; Liver Diseases Branch, NIDDK; NIH) to participate in this prospective 

observational study. The study protocol specified that study participants be at least 18 years 

old, be anti-HIV positive, and HBsAg positive for at least 6 months, on cART including an 

anti-HBV nucleoside or nucleotide analogue, and agree to undergo a liver biopsy within 1 

year of study entry and approximately 3–4 years later, regardless of clinical or laboratory 

tests. Although prior infection with HCV or delta was allowed, detectable HCV RNA less 

than 6 months from entry, decompensated cirrhosis, and HCC were exclusion criteria. Full 

eligibility criteria are reported in the Appendix. During follow-up, antiretroviral treatment 

could be stopped, initiated, or changed per standard of care at the discretion of a treating 

physician.

Following the baseline assessment, participants underwent evaluation every 24 weeks 

thereafter. Additional assessments occurred when participants experienced a flare in alanine 

aminotransferase (ALT) level, pregnancy, or had a liver biopsy that did not align with a 

per-protocol assessment. Study flow and measures by time point are provided in Supporting 

Figs. S1 and S2, respectively. Data were entered by study coordinators or the central 

lab and transmitted the HBRN Data Coordinating Center (University of Pittsburgh). 

Follow-up ended with liver transplant or death. Otherwise, participants were followed up 

to approximately 4 years (192 weeks) or January 31, 2020, whichever came first. The 

institutional review board at each center approved the protocol, and participants gave 

written, informed consent. The study is registered at ClinicalTrials.gov (NCT01924455).

ASSESSMENTS

The baseline and serial follow-up evaluations included assessments of demographics, 

medical history, and current health status, with self-report and interviewer-administered 

questionnaires, a physical examination, and blood tests, as previously described.(14) Relevant 

clinical, laboratory, and radiological data were extracted from medical records, including 

standard-of-care test from local laboratories (i.e., liver panel, clusters of differentiation [CD] 

4 count and percentage, CD8 count and percentage, HIV RNA, anti-HCV, anti-HDV, HBV­

DNA level, and HBV serologies [HBsAg, antibody against HBsAg (anti-HBs), HBeAg, 

and antibody against HBeAg (anti-HBe)]). In general, anti-HBe testing was limited to 

HBeAg-negative participants. HIV-RNA suppression was defined as <20 copies/mL. HIV 

stage (1–4) was defined by CD4 count at entry (≥500, 350–499, 200–349, and <200 cells/

mm3, respectively) according to 2005 World Health Organization Guidelines.(15) HBV DNA 

was categorized as <20 (unquantifiable), 20 to <1,000 (suppressed), 1,000 to <20,000, and 

≥20,000 IU/mL (not suppressed). We further categorized those as HBV/HIV-suppressed 

(HBV DNA < 1,000 IU/mL, HIV RNA < 20 copies/mL), not suppressed (HBV DNA ≥ 

1,000 IU/mL, HIV RNA ≥ 20 copies/mL), and incomplete suppression (HBV DNA was 
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≥1,000 IU/mL, while HIV RNA was <20 copies/mL). Upper limit of normal (ULN) for 

ALT was defined as 30 U/L for men and 19 U/L for women.(16) Aspartate aminotransferase 

(AST) to platelet (PLT) ratio index (APRI)(17) and the fibrosis-4 (FIB-4) score ([age (year) 

× AST (U/L)]/[PLT (109/L) × ALT (U/L)1/2])(18) were calculated. Baseline age was used 

in the FIB-4 calculation at all time points, to avoid the impact of increasing age over time 

independent of disease progress.

Liver stiffness was measured through vibration-controlled transient elastography (VCTE) 

(FibroScan; EchoSens, Paris, France). All scans were performed by trained study personnel 

at each site. Participants were instructed to fast for at least 3 hours before assessment. At 

least 10 successful measurements were required to calculate the data point, median liver 

stiffness expressed in kilopascals (referred to simply as liver stiffness from here forward), 

across measurements. VCTE results were excluded due to fasting <3 hours, inadequate data 

(i.e., <10 measurements), or an interquartile range (IQR)/median liver stiffness ratio >0.3.

Duration of HIV and/or HBV as well as current and past cART use was collected but 

could not be verified in many subjects due to the fragmented care received from different 

health providers at various sites between the time of diagnosis and enrollment. Alcohol 

use was assessed with the alcohol use disorder identification test; increased risk of alcohol 

use disorder was defined as a score of 8–15, and high risk as a score ≥ 16.(19) Clinical 

assessment included waist circumference, height and weight, used to calculated body mass 

index (BMI), presence of diabetes mellitus (DM), and lipodystrophy grade (none, mild, 

moderate, or severe).(20) DM was defined by self-report, antidiabetic medications, or fasting 

glucose ≥126 mg/dL, and hyperlipidemia was defined by self-report, current use of lipid­

lowering medication, or LDL ≥ 160 mg/dL.

Research blood samples were collected at each assessment, processed and stored at −70°C 

at each site, and shipped in batches to a central repository for subsequent transfer to central 

testing laboratories (University of Washington, Seattle, WA). Quantitative HBV DNA and 

HBeAg (tested every 24 weeks) and quantitative HBsAg (tested every 48 weeks) were 

performed at a central laboratory. HBV-DNA levels 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 (LLOD) of 10 IU/mL and lower limit of 

quantification (LLOQ) of 20 IU/mL. Quantitative HBsAg and HBeAg were tested using the 

Roche Diagnostics Elecsys platform with LLOD of 0.05 IU/mL for HBsAg and LLOD of 

0.3 IU/mL for HBeAg. When central laboratory results were missing, the following local 

laboratory results were used: qualitative HBsAg and HBeAg determined using commercially 

available enzyme immunoassays and genotype.

The non-histological primary clinical outcomes were hepatic decompensation, HCC, liver 

transplant, and HBV-related death. Given the low occurrence of individual outcomes, they 

were grouped and termed “composite clinical outcome.” Secondary clinical outcomes 

were incident cirrhosis (among participants without baseline cirrhosis), incident ALT 

flare (defined as ≥10 × ULN),(21) ever becoming HBsAg-negative, ever becoming HBeAg­

negative (among participants who were HBeAg-positive at baseline), and non-HBV deaths. 

All outcomes were predefined, and the occurrence and timing of the clinical outcomes 
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were adjudicated by an independent committee of HBRN clinical investigators to determine 

whether criteria for these outcomes were met. Cirrhosis was based on histology if available, 

and in the absence of biopsy, by presence of two of the following criteria: splenomegaly 

or nodular liver on radiological imaging performed for clinical care, or platelet count < 

120,000/mm3. Participants meeting these criteria within 24 weeks after enrollment were 

considered to have baseline cirrhosis.

HISTOLOGY

Histological findings were scored blindly with respect to clinical data by the HBRN 

Pathology Committee (D.E.K., chair) using the modified Ishak scoring system.(22) The 

histologic activity index (HAI) is a global scale of hepatic inflammation ranging from 0 to 

18, calculated as the sum of lobular (0–4), peri-portal (0–4) and portal inflammation (0–4), 

and confluent necrosis scores (0–6). The Ishak fibrosis score stages fibrosis from 0 to 6, with 

0 indicating absence of fibrosis and 6 indicating likely or definite cirrhosis; ≥ 2 is considered 

significant fibrosis or worse; and ≥ 3 is considered advanced fibrosis or worse. Fatty liver 

disease (steatosis/steatohepatitis) was graded using the Kleiner scoring system.(23) Total 

length of biopsy was recorded. Although the number of portal tracts was not recorded, each 

biopsy was assessed for adequacy by the central pathology committee with a minimum of 

three portal tracts required to be adequate.(14)

ANALYSIS

Analyses were conducted using SAS, version 9.4 (SAS Institute Inc., Cary, NC). Descriptive 

statistics were used to report characteristics of the full analysis sample (n = 114) and the 

histology subsample (n = 62). The Pearson chi-square test or Fisher exact test for categorical 

variables, the Wilcoxon rank-sum test for continuous variables, and the Cochran-Armitage 

trend test for ordinal variables were used to compare characteristics of the main analysis 

sample to those excluded due to lack of follow-up data, and those in the histology subsample 

to those in the main sample excluded due to lack of histology data.

For each outcome measured throughout follow-up (hepatic decompensation, HCC, liver 

transplant, HBV-related death, composite clinical outcome, cirrhosis, ALT flare, HBsAg 

loss, and HBeAg loss), event rates per 100 person-years and corresponding CIs, assuming 

a Poisson distribution, are reported. Event rates for incident cirrhosis and HBeAg loss were 

calculated among the appropriate subgroups (n = 106 without cirrhosis, and n = 67 who 

were HBeAg-positive, respectively, at baseline).

Most outcomes were too rare for a time-to-event analysis. However, the Kaplan-Meier 

method was used to estimate the cumulative probability of HBeAg loss over time, and 

HBeAg loss rate is reported by select baseline factors (age, sex, race, ALT, AST, platelets, 

APRI, FIB-4, quantitative HBsAg [qHBsAg], HBV DNA, CD4, CD4%, HIV RNA, HAI, 

Ishak fibrosis score, cirrhosis, and fatty liver disease). Variables were categorized using 

standard thresholds when available. Adjacent categories were collapsed (e.g., age < 30, 30 

to < 40, and age 40 to < 50 years) due to low frequency and similar estimates among 

categories.
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Linear mixed models were used to estimate the mean of select viral (qHBsAg, quantitative 

HBeAg [qHBeAg], and HBV DNA) and clinical markers (ALT, AST, AST/ALT, platelets, 

APRI, FIB-4, and VCTE), with each outcome as a repeated measure, time, and site (which 

were related to missing follow-up data) entered as discrete fixed effects, and a random 

intercept. HBV-DNA classification schemes were also evaluated over time with an ordinal 

mixed model.

Among the paired biopsy subsample (n = 62), descriptive statistics were used to summarize 

inflammation and fibrosis by time point. Group-level changes were tested with mixed-effects 

models (generalized linear for continuous, ordinal logistic for ordinal, binomial for binary 

outcomes), with each outcome as a repeated measure, time (i.e., days since baseline biopsy) 

as a continuous fixed effect, and random intercept. To display these data graphically, the 

distribution of change in the HAI and fibrosis score between baseline and follow-up were 

each standardized per the maximum follow-up of 192 weeks (192 weeks*[follow-up value 

minus baseline value]/weeks between biopsies).(24) Individual-level changes are also shown 

with cross tabulations. Additionally, we determined the percentage (with 95% CIs) of 

participants who had at least a two-point worsening and two-point improvement in fibrosis 

score standardized per 192 weeks.

Spearman correlation was used to test and quantify associations between (1) change in each 

inflammation measure with change in fibrosis, (2) change in ALT with change in each 

inflammation, and (3) change in APRI and FIB-4, respectively, with change in fibrosis. 

Analysis including histology data and clinical data excludes participants whose clinical data 

were >24 weeks from the date of biopsy.

Generalized linear-mixed models were used to evaluate baseline predictors of change in 

HAI and fibrosis score, respectively, between biopsies (i.e., HAI or fibrosis score at second 

biopsy minus index/score at first biopsy), with adjustment for time between biopsies. Based 

on our previous analysis of factors cross-sectionally associated with HAI and fibrosis 

score,(14) the following characteristics were first investigated in basic models: age, sex, 

coffee consumption, alcohol use, BMI, lipodystrophy grade, history of diabetes, history of 

hyperlipidemia, ALT, AST, AST/ALT ratio, platelets, APRI, FIB-4, HIV RNA, HIV stage, 

CD4, CD4%, CD8, CD8%, HBV or HIV duration, HBeAg-positive status, qHBeAg level 

among HBeAg-positive participants, HBV DNA, qHBsAg level, HAI, portal inflammation, 

periportal inflammation, lobular inflammation, confluent necrosis score, Ishak fibrosis score, 

cirrhosis, and fatty liver disease. Among categorical variables, several adjacent categories 

were collapsed (e.g., high-risk and increased-risk alcohol use) due to low frequency and 

similar estimates between categories. Because qHBeAg levels and qHBsAg were skewed, 

they were log-transformed (natural log for qHBeAg, 10-base for qHBsAg) to reduce the 

impact of skewness. To identify factors with independent associations, factors associated at 

P < 0.20 were entered into a multivariable model for each outcome, and variables with P > 

0.10 were removed using a step-wise variable selection method. Quantitative HBeAg level 

was not considered for multivariable models, as it was only available for the HBeAg-positive 

subgroup of participants. APRI and FIB-4 were not considered, as the Ishak fibrosis score 

was available. Among independent variables with high correlation (e.g., ALT, AST), the 

variable with the lowest Bayesian information criteria from the basic models was selected.
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(25) However, if a selected variable was removed (i.e., P > 0.10), a replacement with overlap 

that had not initially been considered with P < 0.20 from a basic model was considered. 

Beta coefficients with corresponding 95% CIs and P values are reported for independent 

variables.

Results

By close of study enrollment, 139 participants attended a baseline research assessment. 

However, 4 were discovered to be HBsAg-negative at baseline through central laboratory 

testing. Of the 135 HBsAg-positive participants, 114 had at least 24 weeks of follow-up 

that was required for the longitudinal analysis in this report. Despite study entry criteria, 

55 participants did not undergo planned liver biopsies (n = 3 initial and n = 52 follow-up). 

Evaluation of change in histology was limited to 62 participants with paired liver biopsies 

(Supporting Fig. S1).

BASELINE PARTICIPANT CHARACTERISTICS

Demographic and clinical characteristics of the full longitudinal analysis sample and the 

biopsy subsample at study entry are reported in Table 1. Participants ranged in age from 18 

to 70 years (median, 49 years) and had HIV or HBV infection for an estimated 1–52 years 

(median, 20 years). Most (91.2%; n = 104) participants were male and just over half (51.4%; 

n = 57) were non-Hispanic Black, followed by non-Hispanic White (32.4%; n = 36). Despite 

study entry criteria, 6 participants were not on cART, including an anti-HBV nucleoside 

or nucleotide analogue at the baseline assessment, but remained in the study, given that 

throughout the study antiretroviral treatment could be stopped, initiated, or changed per 

standard of care at the discretion of a treating physician. One of these 6 participants had 

a history of tenofovir use but reported not currently being on antiviral therapy, 2 reported 

anti-HIV medication only (ritonavir and darunavir, respectively), and 3 were on lamivudine 

alone as part of cART. Most of the participants on cART including an anti-HBV nucleoside 

or nucleotide analogue were on tenofovir alone or in combination with lamivudine or 

emtricitabine (n = 96), while a minority were on entecavir alone or in combination with 

lamivudine (n = 12).

Ten (8.8%) participants had cirrhosis at baseline (3 of whom were diagnosed based on their 

initial study biopsy). Liver-related tests, HIV-related tests, and viral serologies at study entry 

are reported in Table 2. Most subjects had normal liver enzymes (AST, ALT, and alkaline 

phosphatase), low noninvasive indices (APRI, FIB-4, and VCTE), and well-controlled HIV, 

while 62% were HBeAg-positive and 76% had suppressed HBV DNA.

The only apparent difference between the paired biopsy subgroup (n = 62) versus those in 

the full longitudinal analysis sample without paired biopsies (n = 52) was viral transmission 

mode (100% vs. 89.8% sexual; P = 0.01), duration of HBV or HIV (median 22 vs. 18 years; 

P = 0.04), and HBeAg level among HBeAg-positive participants (median 0.8 vs. 1.9 log10 

IU/mL; P = 0.02) (Supporting Table S1). In comparison to those in the longitudinal analysis, 

the 21 participants with less than 24 weeks of follow-up were older (median age 49 vs. 44; 

P = 0.02), had HBV or HIV longer (median 20 vs. 13.5 years; P = 0.03), had higher rates of 

HIV-RNA suppression (e.g., 77.9% vs. 50.0% undetectable; P < 0.01), risk of acquiring HIV 
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or HBV by sexual transmission (95.3% vs. 76.2%; P = 0.003), and HBeAg positivity (61.4% 

vs. 38.1%; P = 0.047). Other characteristics were similar among groups (Supporting Table 

S1).

FOLLOW-UP

Follow-up data were available for 95.6% (n = 109) of the full longitudinal analysis sample 

at week 24, 87.7% (n = 100) at week 48, 85.1% (n = 97) at week 72, 76.3% (n = 87) at 

week 96, 71.9% (n = 82) at week 120, 67.5% (n = 77) at week 144, 56.1% (n = 64) at 

week 168, and 43.9% (n = 50) at week 192. Over the follow-up, use of cART including an 

anti-HBV nucleoside or nucleotide analogue was common (92.7%−100% across time points; 

Supporting Table S2). However, 13 participants were not on any anti-HBV medication at 

one or more assessments, and 15 were not cART, including an anti-HBV nucleoside or 

nucleotide analogue at one or more assessments. Reasons for breaks in HBV therapy were 

not recorded and may have been clinician-initiated or patient-initiated.

COMPOSITE CLINICAL OUTCOME

Incidence rates of clinical outcomes are reported in Table 3. Among 114 participants, 

10 (8.8%) had baseline cirrhosis, and 2—both with baseline cirrhosis—developed the 

composite clinical outcome during 326 person-years of follow-up (0.61 [95% CI, 0.15–2.45] 

per 100 person-years). One developed hepatic decompensation, followed by HCC and an 

HBV-related death (Supporting Table S3). The other developed HCC and had suppressed 

HBV DNA and normal ALT at the time of diagnosis. No participants underwent a liver 

transplantation.

Among those without baseline cirrhosis (n = 104), 1 participant developed incident cirrhosis 

during 248.5 person-years of follow-up (a rate of 0.40 [95% CI, 0.06–2.86] per 100 person­

years). The cirrhosis diagnosis was adjudicated per HBRN study protocol based on presence 

of ascites, splenomegaly, and nodular liver documented by CT, MR, or liver ultra-sound 

report. However, HBV DNA was suppressed, ALT was normal, and platelet count (123,000 

mm3) did not meet the cirrhosis criteria at the time of diagnosis. Additionally, the follow-up 

Ishak fibrosis score was 3. No participants had an ALT flare at study entry, and ALT flares 

were rare during follow-up (n = 2; 0.65 [95% CI, 0.16, 2.62] per 100 person-years). No one 

experienced HBsAg loss over 296.2 person-years of follow-up, and among those who were 

HBeAg-positive at study entry (n = 67), HBeAg loss occurred in 13 participants at a rate of 

6.86 (95% CI, 3.98, 11.81) per 100 person-years. Four participants died of causes unrelated 

to HBV, a rate of 1.20 (95% CI, 0.45, 3.20) per 100 person-years. One participant had a 

pregnancy during follow-up; she had none of the outcomes reported in Table 3. Because 

delta infection can affect the natural history of HBV, including those on suppressive therapy, 

outcomes of the 1 participant with anti-delta antibodies were evaluated. The 1 participant 

with anti-delta antibodies did not have any HBV-related outcomes, but did experience a 

death of unknown cause 75 weeks after their baseline assessment. He was not included in 

the histology analysis.

The cumulative probability of ever becoming HBeAg-negative among participants who were 

HBeAg-positive at baseline (n = 67) is shown in Fig. 1. The HBeAg loss rate by baseline 
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characteristic is provided in Supporting Table S4. Even for variables in which categories 

appeared to have clinically meaningful different rates (e.g., age > 50 years, AST > 1 × ULN, 

platelets ≥ 200 ×103/mm3, qHBsAg < 3 log10 IU/mL, CD4 ≥ 20%, HIV-RNA suppression, 

Ishak fibrosis score ≥ 3, and cirrhosis), the 95% CIs between categories overlapped, partially 

reflecting the small sample size (n = 67) and rarity of the outcome (n = 13).

Select viral and clinical markers are shown by time point in Fig. 2 and reported in 

Supporting Table S5. Mean HBeAg (log10 IU/L), HbsAg (log10 IU/L), and HBV DNA 

(log10 IU/L) decreased over time (P ≤ 0.01) (Fig. 2A). Likewise, the percentage of 

participants with suppressed HBV DNA increased over time (Fig. 2B; P < 0.001). Although 

mean AST and platelet values did not significantly differ over time (P = 0.80 and 0.10, 

respectively), mean ALT (log2 U/L) decreased over time (P = 0.046) and ALT/AST ratio 

increased over time (P < 0.01). Despite using baseline age in the FIB-4 calculation, there 

was a significant trend of FIB-4 increasing over time (P = 0.009), and indication of a similar 

trend with APRI (P = 0.07; Fig. 2C). There was not a significant difference in VCTE over 

time (P = 0.24; Supporting Table S5).

HISTOLOGIC OUTCOMES

Paired biopsies occurred a median of 3.6 (IQR, 3.1–3.7; range, 2.6–6.1) years apart (n = 

62). Inflammation and fibrosis measures at study entry and follow-up are provided in Table 

4. Five (8.1%) participants had a confluent necrosis score ≥ 0 at baseline versus none at 

follow-up, and there was a small but statistically significant decrease in HAI (P = 0.02), 

but the distributions of other histology measures were not significantly different between 

time points, including the Ishak fibrosis score (continuous, P = 0.35) or binary measures of 

significant (33.9% vs. 31.2%; P = 0.90) or advanced fibrosis (22.6% vs. 26.2%; P = 0.49), 

respectively. The distributions of change in the HAI and Ishak fibrosis score standardized 

per 192 weeks are shown in Fig. 3.

Individual-level change between time points (shown with cross tables of inflammation and 

fibrosis measures by time point) is provided in Supporting Tables S6–S11. The largest 

increase in HAI across follow-up was 2, from 0–2 (n = 1), 1–3 (n = 2), 3–5 (n = 2), and 

4–6 (n = 1), while the largest decrease was 10, from 14–4 (Supporting Table S6). The largest 

increase in fibrosis score was 4, from 0–4 (n = 1) and 2–6 (n = 1), while the largest decrease 

was 3, from 3–0 (n = 2) (Supporting Table S11). Of the 61 participants, only 7 (11.5% [95% 

CI, 5.7–21.8]) had a rate of progression of at least 2 Ishak fibrosis points per 192 weeks, 

while 4 (6.6% [95%CI, 2.6–15.7]) had an improvement of at least 2 points.

Correlations between change in fibrosis score and change in each inflammation marker (n 

= 61) were HAI (ρ = 0.24; P = 0.058), portal inflammation score (ρ = 0.34; P = 0.008), 

periportal inflammation score (ρ = 0.27; P = 0.04), lobular inflammation score (ρ = 0.08; 

P = 0.53), and confluent necrosis score (ρ = −0.12; P = 0.36). Scatter plots are available in 

Supporting Fig. S3.

After excluding 2 participants with baseline biopsies at > 24 weeks from their first research 

assessment, the median time between the clinical evaluation date and first biopsy was 3.9 

weeks (n = 60). Correlations between change in ALT and change in inflammation markers 
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were not significant: HAI (ρ = 0.12; P = 0.36), portal inflammation score (ρ = −0.09; P = 

0.50), peri-portal inflammation score (ρ = −0.01; P = 0.95), lobular inflammation score (ρ 
= 0.19; P = 0.16), and confluent necrosis score (ρ = 0.10; P = 0.46). Correlations between 

change in noninvasive measures of fibrosis and change in fibrosis score were also not 

significant: APRI (ρ = −0.01; P = 0.97) and FIB-4 (ρ = −0.06; P = 0.63).

Associations between baseline characteristics and change in the HAI (n = 60) and the 

fibrosis score (n = 59), respectively, adjusted for time between biopsies only, are reported 

in Table 5. In the full HAI multivariable model, every 1 point higher in the HAI at baseline 

was associated with a 0.3 (95% CI, 0.1–0.5; P < 0.01) decrease in the HAI of at follow-up. 

In the full fibrosis score multivariable model, every 1 point higher in the fibrosis score at 

baseline was associated with a 0.4 (95% CI, 0.1–0.6; P < 0.01) decrease in the fibrosis score 

at follow-up, whereas lipodystrophy ≥ 2 versus 0–1 (1.5 [95% CI, 0.3–2.7]; P = 0.02) and 

steatohepatitis versus no fatty liver disease (2.4 [95% CI, 1.3–3.6]; P < 0.001) at baseline 

were associated with increases in the fibrosis score. No other baseline factors were retained 

in the multivariable models.

Discussion

In this longitudinal analysis that included protocol-directed paired liver biopsy of North 

American patients with HBV-HIV, primarily treated with cART, we observed few clinical 

events (i.e., hepatic decompensation, HCC, liver transplant, ALT flare, incident cirrhosis, 

or HBV-related death) or histologic changes (HAI and fibrosis) over a median interval of 

3.6 years. Additionally, we observed declines in ALT, qHBeAg, and qHBsAg over time, an 

HBeAg loss rate of 6.9 per 100 person-years, and no HBsAg loss.

When we evaluated components of inflammation, we observed no significant changes in 

distributions of peri-portal, portal, or lobular inflammation, but confluent necrosis was less 

common, which resulted in a small group-level improvement in mean HAI during follow-up. 

We did not see group-level changes in the distribution of the fibrosis score or proportions 

with significant (≥ F2) or advanced (≥ F3) fibrosis between time points. Furthermore, 

overlap of the 95% CI of the percentage with progression (11%) and improvement (7%) 

in fibrosis, when defined by changes of at least 2 Ishak fibrosis stages per 192 weeks (3.7 

years), indicated that there was not a significant difference in the percentage with fibrosis 

improvement versus worsening. Although there are few studies with comparable data, our 

fibrosis results are similar to observations among 38 co-infected patients with paired biopsy 

(median time interval of 2.7 years) after initiating cART.(26) The possible reasons for lack of 

histological improvements include other HIV-related factors contributing to liver disease, or 

the fact that participants had been treated for years, and benefit conferred by suppression had 

plateaued.

In line with our histology results, liver stiffness measured by VCTE did not significantly 

differ over time in our cohort. However, serum-based markers of fibrosis yielded slightly 

different results. We observed a mild group-level increase in AST/ALT ratio (due to ALT 

decreasing) and FIB-4 (independent of aging, as baseline age was used to calculate FIB-4 

at all time points) and a similar, but not statistically significant, increase in APRI across 
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follow-up, despite no significant change in platelet count over time. Compared with our 

study, other studies in patients with HBV-HIV using serum-based noninvasive methods 

to assess changes in liver disease severity observed higher proportions with regression of 

fibrosis.(27–30) However, because noninvasive measures may not be accurate in the treated 

patient with HBV-HIV,(31) these improvements in serum-based noninvasive models over 

time may reflect improvements in ALT, a major component of serum-based fibrosis scores, 

rather than changes in fibrosis itself.

Although there was little or no group-level change in HAI and fibrosis score, respectively, 

variability at the individual level allowed us to explore baseline predictors of change. Both 

baseline HAI and baseline fibrosis were independent predictors of change in the respective 

outcome across follow-up, such that worse versus better scores at baseline were associated 

with better changes (i.e., a decrease in inflammation or fibrosis). Additionally, baseline 

steatohepatitis and lipodystrophy were positively associated with fibrosis progression, 

indicating the importance of identifying their presence in this population, as they may 

counteract long-term HBV suppression. Another report focused on fatty liver disease will 

evaluate its impact on HBV progression in more detail. Interestingly, we also observed that 

HIV stage ≥ 2 versus 1 at baseline might be associated with a decrease in HAI. However, 

these results might be spurious and would need to be confirmed in other studies. Other 

histologic and virologic factors were not related to either outcome.

Of the non-histologic outcomes, we observed two cases of HCC (both with baseline 

cirrhosis), a rate of 0.61 per 100 person-years. Although infrequent, this finding underscores 

the need for patients with HBV-HIV with cirrhosis to be in HCC surveillance. We observed 

one case of incident cirrhosis, a rate of 0.40 per 100 person-years. Although data for a 

direct comparison with other cohorts with HBV-HIV using histology are not available, 

our cirrhosis incidence is similar to some,(27,32) but not all studies,(26) and is in line with 

the higher rate reported, in general, in the HBV-HIV literature.(33) However, it should 

be noted that due to our small sample size and the rarity of the outcome, our estimate 

had a wide 95% CI (0.1–2.9). Unlike studies of liver-related outcomes of those initiating 

cART(26,27,34), most of our cohort was on stable cART at study entry, suggesting that 

ongoing cART containing anti-HBV agents results in stable liver disease, similar to those 

treated for HBV alone.(35–37) It is difficult to compare the HBeAg loss rate in our study 

with other longitudinal studies of patients initiating cART, which generally have reported 

the percentage of participants with HBeAg loss (range 7%−57%) without taking length of 

follow-up into account.(27,29,32,33,38–40) We did not observe any patients who lost HBsAg 

during almost 4 years of follow-up on stable cART. This differs with other studies of 

patients initiating cART, which observed HBsAg clearance percentages of 3%−22% among 

participants over 2–6 years.(27,29,32,33,38–40 ) This difference may, in part, be due to our 

patients being on stable cART at study entry with long-term viral suppression.

STRENGTHS AND LIMITATIONS

Most observational studies of HBV liver disease in patients with HIV co-infection included 

those who were not yet on effective HBV therapy(28–30,32,40) or did not use liver 

histology(26,27,29,30,39,41) as an endpoint. The strengths of our study are the prospective 
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study design with careful follow-up, the experience of the investigators, paired liver biopsy 

analysis, and the central reading of liver biopsies by the HBRN pathology committee.

Both study enrollment and obtaining a second liver biopsy among enrolled participants 

were more challenging than our research team anticipated, based on prior experiences with 

patients with HCV-HIV, and in patients with HBV-HIV with elevated liver enzymes. Thus, 

a potential limitation of our study is the self-selection of patients who were willing to 

undergo two liver biopsies, which may not reflect all adults with HBV-HIV co-infection. 

In particular, Caucasians, Asians, and women may be underrepresented in our cohort. 

Incomplete data collection at each time point, the effect of sampling error, and the small 

sample size of the histology subsample should also be considered.

Because our cohort was mostly on cART at entry, we were unable to assess the effect 

of initiating cART on liver histology. As such, medication-related improvements in liver 

histology may have occurred before the initial biopsy. Likewise, we were unable to evaluate 

to effect of HBV-DNA suppression over time, and in particular, incomplete suppression, as 

most of the participants were continuously suppressed. Perhaps due to widespread cART 

use and HBV-DNA suppression, this study reported few clinical events. However, given 

our limited sample size, the low event rate should be interpreted with caution. Finally, we 

had limited power to identify predictors of HBeAg loss and insufficient power to predict 

other clinical outcomes. Notwithstanding, our study is one of a few studies using paired 

biopsies in patients with HBV-HIV on stable cART. The lack of willingness of patients 

with HBV-HIV with suppressed HBV and normal ALT to undergo liver biopsy should be 

considered in future studies in this population.

In conclusion, we have shown that patients with HBV-HIV, mostly on cART including 

a nucleoside or nucleotide analogues, experience a low incidence rate of clinical events 

(HCC, hepatic decompensation, liver transplant, HBV-related death, or incident cirrhosis) 

and experience minimal histological change over almost 4 years of observation. Given the 

rarity of outcomes, future studies with larger samples, use of novel therapies, and longer 

follow-up are needed to better define and compare the natural history of liver disease in this 

understudied population to those with HBV alone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

ALT alanine aminotransferase

AST aspartate aminotransferase

APRI aspartate aminotransferase to platelet ratio index

BMI body mass index

cART combination antiretroviral therapy

CD clusters of differentiation

DM diabetes mellitus

FIB-4 fibrosis index based on four factors

HAI histologic activity index

HBRN Hepatitis B Research Network

IQR interquartile range

LLOD lower limit of detection

NIH National Institutes of Health

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases

qHBeAg quantitative HBeAg

qHBsAg quantitative HBsAg

TDF tenofovir disoproxil fumarate

ULN upper limit of normal

VCTE vibration-controlled transient elastography
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FIG. 1. 
Cumulative probability of ever becoming HBeAg-negative among participants who were 

HBeAg-positive at baseline (13 events).
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FIG. 2. 
Select viral and clinical markers by assessment. (A) Modeled means (95%) of HBeAg, 

HbsAg, and HBV DNA (log10 IU/mL). (B) HBV DNA categories. (C) Modeled means 

(95%) of ALT (log2 U/L), APRI, and FIB-4. *HBsAg log10 IU/mL (P < 0.001), HBV 

DNA log10 IU/mL (P < 0.001), HBeAg log10 IU/mL (P = 0.01), HBV DNA category (P 
< 0.001), ALT (P = 0.046), FIB-4 (P = 0.009), APRI (P = 0.07). †HBeAg is only among 

HBeAg-positive participants.
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FIG. 3. 
Change in HAI and Fibrosis Score standardized per 192 weeks. (A) HAI (n = 62). (B) 

Fibrosis score (n = 61). *The distribution of change in the HAI and fibrosis score between 

baseline and follow-up were each standardized per 192 weeks (192 weeks*[follow-up value 

minus baseline value]/weeks between biopsies).
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TABLE 1.

Characteristics of HBV-HIV Co-infected North American Adult Sample and the Biopsy Subsample

Analysis Sample (n = 114)* Biopsy Subsample (n = 62)*

Variable n (%)
†

n (%)
†

Age (years)

 Median (IQR) 49 (45: 55) 50 (46: 54)

Sex

 Male 104 (91.2%) 58 (93.5%)

 Female 10 (8.8%) 4 (6.5%)

Race n = 111 n = 60

 Non-Hispanic White 36 (32.4%) 17 (28.3%)

 Non-Hispanic Black 57 (51.4%) 32 (53.3%)

 Non-Hispanic Asian 5 (4.5%) 4 (6.7%)

 Other 13 (11.7%) 7 (11.7%)

Coffee of cups per day n = 111 n = 60

 None to <1 per day 56 (50.5%) 31 (51.7%)

 1 to 2 per day 37 (33.3%) 17 (28.3%)

 3 or more per day 18 (16.2%) 12 (20.0%)

Alcohol n = 113 n = 61

 None 63 (55.8%) 31 (50.8%)

 Moderate 35 (31.0%) 24 (39.3%)

 At risk 15 (13.3%) 6 (9.8%)

BMI (kg/m2) n = 109 n = 60

 Median (IQR) 25.9 (22.5–30.3) 25.8 (22.7–29.1)

Weight status (race-adjusted) n = 109 n = 60

 Under/normal 44 (40.4%) 24 (40.0%)

 Overweight 37 (33.9%) 25 (41.7%)

 Obese 28 (25.7%) 11 (18.3%)

Lipodystrophy grade n = 103 n = 56

 None 87 (84.5%) 45 (80.4%)

 Mild 10 (9.7%) 7 (12.5%)

 Moderate or severe 6 (5.8%) 4 (7.1%)

DM 10 (8.8%) 4 (6.5%)

Hyperlipidemia 34 (29.8%) 17 (27.4%)

Sexually transmitted HBV or HIV n = 106 n = 57

101 (95.3%) 57 (100.0%)

Estimated duration of HIV or HBV infection (years) n = 107 n = 57

 Median (IQR) 20 (13–26) 22 (16–28)

HBV treatment

 None
‡ 3 (2.6%) 0 (0.0%)

 Lamivudine alone 3 (2.6%) 0 (0.0%)
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Analysis Sample (n = 114)* Biopsy Subsample (n = 62)*

Variable n (%)
†

n (%)
†

 Tenofovir alone or in combination 96 (84.2%) 56 (90.3%)

 Entecavir alone or in combination 12 (10.5%) 6 (9.7%)

cART including an anti-HBV nucleoside or nucleotide analogue, n (%) 108 (94.7%) 62 (100.0%)

Nucleoside/nucleote reverse transcriptase inhibitors 109 (95.6%) 60 (96.8%)

Non-nucleoside reverse transcriptase inhibitors 38 (33.3%) 23 (37.1%)

Protease inhibitors 53 (46.5%) 31 (50.0%)

*
Data presented among this sample unless a subset is indicated due to missing data.

†
Unless otherwise indicated.

‡
One participant with a history of tenofovir use was not on any antiviral therapy at the time of the baseline assessment. One was on ritonavir, 

darunavir, emtricitabine, and dolutegravir. Another was on ritonavir alone.
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TABLE 4.

Histology-Determined Liver Inflammation and Fibrosis in HBV-HIV Co-infected North American Adults at 

Study Entry and Approximately 3–4 Years Later

Baseline (n = 62) Follow-up (n = 62) P Value

HAI 0.02

 Median (25th–75th) 3 (2–4) 3 (1–3)

 Range 0–14 0–8

Portal inflammation score, n (%) 0.47

 0 7 (11.3%) 14 (22.6%)

 1 45 (72.6%) 40 (64.5%)

 2 9 (14.5%) 8 (12.9%)

 3 1 (1.6%) 0 (0.0%)

 4

Periportal inflammation score, n (%) 0.45

 0 20 (32.3%) 27 (43.5%)

 1 36 (58.1%) 29 (46.8%)

 2 3 (4.8%) 5 (8.1%)

 3 2 (3.2%) 1 (1.6%)

 4 1 (1.6%) 0 (0.0%)

Lobular inflammation score, n (%) 0.71

 0 7 (11.3%) 7 (11.3%)

 1 38 (61.3%) 42 (67.7%)

 2 12 (19.4%) 11 (17.7%)

 3 4 (6.5%) 2 (3.2%)

 4 1 (1.6%)  0 (0.0%)

Confluent necrosis score, n (%) —

 0 57 (91.9%) 62 (100.0%)

 1 2 (3.2%) 0 (0.0%)

 2 1 (1.6%) 0 (0.0%)

 3 1 (1.6%) 0 (0.0%)

 6 1 (1.6%) 0 (0.0%)

Fibrosis score  n = 61 n = 61 0.58

 Median (25th–75th) 1 (1–2) 1 (0–3)

 Range 0–6 0–6

Note: Changes in histological-determined inflammation and fibrosis were tested with mixed-effects models (linear for continuous, ordinal logistic 
for ordinal, binomial for binary outcomes) with a repeated outcome, time (i.e., days since first biopsy) as a continuous fixed effect, and random 
intercept. Median of time between biopsies was: 3.6 (IQR, 3.1–3.7; range, 2.6–6.1) years.
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