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Summary
Background In people living with HIV-HBV, liver fibrosis progression can occur even with suppressive antiretroviral
therapy (ART). We investigated the relationship between liver fibrosis and biomarkers of inflammation, apoptosis,
and microbial translocation.

Methods In this observational cohort study adults living with HIV-HBV already on effective ART were recruited in
Australia and Thailand and followed for 3 years including 6 monthly clinical review and blood tests and annual
transient elastography. Differences in clinical and laboratory predictors of liver fibrosis progression were tested
followed by regression analysis adjusted for CD4+ T-cells at study entry. A linear mixed model was fitted to
longitudinal data to explore changes over time.

Findings 67 participants (85% male, median age 49 y) were followed for 175 person-years. Median duration of ART
was 10 years (interquartile range (IQR) 8–16 years). We found 11/59 (19%) participants during 3-years follow-up (6/
100 person-years) met the primary endpoint of liver disease progression, defined as increased Metavir stage from
baseline to final scan. In regression analysis, progressors compared to non-progressors had higher levels of high
mobility group box 1 protein (HGMB1), (median (IQR) 3.7 (2.6–5.0) and 2.4 ng/mL (1.5–3.4) respectively,
adjusted relative risk 1.47, 95% CI [1.00, 2.17]) and lower nadir CD4+ T-cell percentage (median 4% (IQR 2–8)
and 11% (4–15) respectively (relative risk 0.93, 95% CI [0.88, 0.98]).

Interpretation Progression in liver fibrosis occurs in people with HIV-HBV on suppressive ART. Fibrosis progression
was associated with higher HMGB1 and lower percentage nadir CD4+ T-cell count, highlighting the importance of
early initiation of HBV-active ART.
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Research in context

Evidence before this study
People living with both HIV and HBV have higher rates of liver
disease progression to fibrosis (scarring) than those living
with HBV alone. Treatment with antiretroviral therapy that is
active against both HIV and HBV has improved outcomes
with reduced morbidity and mortality for individuals living
with HIV and HBV. However, in contrast to those with HBV
alone, in whom progression of liver fibrosis is uncommon on
treatment (<1% after 5 years), previous studies have shown
8–25% of people have progression of liver fibrosis despite
antiretroviral therapy that is active against and suppresses
both viruses. The reason for this is unclear. Previous studies
have found that liver fibrosis was associated with lower CD4+
T cells, some HBV genotypes or HBV viral load. Prior studies
have been limited by being retrospective and having short
duration of follow up and surrogate scoring systems for
assessment of liver fibrosis.

Added value of this study
We prospectively followed people living with HIV and HBV on
suppressive antiviral treatment over 3 years and measured

liver fibrosis annually using transient elastography
(Fibroscan®) and quantified markers of inflammation,
immunity and microbial translocation in serum collected
every 6 months. We showed that higher serum levels of high
mobility group box 1 (HMGB1), a damage associated
molecular protein which increases with cellular apoptosis, at
the time of enrolment and lower CD4+ T cell nadir (%) was
associated with liver fibrosis progression.

Implications of all the available evidence
This study supports the early initiation of antiretroviral
therapy in people with HIV-HBV co-infection and that an
increase in cell death is associated with liver fibrosis
progression. The marker HMGB1 is not specific to the liver,
however in a previous study, our group showed increased cell
death in the liver and higher levels of serum HMGB1 in people
with HIV-HBV compared to people with HBV alone. Together
these data support the possibility of HMGB1 as a mediator of
fibrogenesis in the liver, and the potential for HMGB1 to be
investigated as a predictive biomarker to identify individuals
who may be at risk for liver fibrosis progression.
Introduction
The widespread availability of antiretroviral therapy
(ART) active against both human immunodeficiency vi-
rus (HIV) and hepatitis B (HBV) has led to significant
improvements inmorbidity andmortality in people living
with HIV (PWH) and HBV co-infection.1–3 Despite
treatment, liver disease occurs at higher rates in PWH
and HBV co-infection compared to PWH or with HBV
alone.4–6 In people with HBV mono-infection, tenofovir
treatment is associated with fibrosis regression in over
50% of people, as well as reversal of cirrhosis both on
biopsy and as a reduction in liver stiffness measurement
(LSM) by transient elastography (TE) (Fibroscan®).7,8

Fibrosis progression can occur but is estimated at <1%
after 5 years.7,8 In contrast, in PWH and HBV co-
infection, 8–25% of people are reported to have pro-
gression despite tenofovir containing ART.5,9–19 Under-
standing predictors and pathogenesis of liver fibrosis
progression in PWH and HBV co-infection on ART will
help improve management strategies.

Liver fibrosis progression in PWH and HBV co-
infection on HBV-active ART has been associated with
age,9,13,15,19 male sex,5,13,15 lower CD4+ T-cells,9,13,19 lower
nadir CD4+ T-cells,5 longer ART duration,19 HBV ge-
notype G,9 higher fasting glycemia or anemia5 and he-
patic steatosis,17 whilst fibrosis regression has been
associated with lower BMI,9,14 higher CD4+ T-cells5,9,14

higher HBV viral load (VL) at first TE,11 suppressed
HIV VL15 and lower fasting triglycerides.5 Interpretation
of these studies is complex, because some studies used
surrogate scoring systems for fibrosis assessment
including serum markers (e.g. ‘FIB-4’, ‘FibroTest’, AST
to Platelet Ratio Index (APRI)), while others used LSM.

We investigated liver disease over 36 months in
PWH and HBV co-infection already on suppressive ART
in a prospective observational cohort to quantify rates of
liver disease progression and to identify factors that may
be associated with progression of fibrosis.

Methods
Ethics
The study was approved by Human Research Ethics
Committees (Melbourne–Alfred Health (76/12), Sydney-
St Vincent’s Hospital (12/SVH/235), Thailand-Faculty
of Medicine, Chulalongkorn University Institutional
Review Board (HIV-NAT 178.1) and was conducted in
compliance with ethical approval. All participants pro-
vided informed consent to participate in the study.

Study participants
Adults with HIV and HBV co-infection were recruited in
Thailand and Australia. Recruitment was from outpatient
clinics at the Alfred Hospital, Melbourne, Australia;
Melbourne Sexual Health Centre, Melbourne, Australia;
St Vincent’s Hospital, Sydney, Australia; and the
HIV-Netherlands-Australia-Thai Research Collaboration
(HIV-NAT), Thai Red Cross AIDS Research Centre,
Bangkok, Thailand. The recruitment period was from
www.thelancet.com Vol 102 April, 2024
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October 2012–February 2014 with final follow-up visits
completed by February 2017. Those included had already
received HBV-active ART for at least 12 months with viral
suppression (HBV DNA<351 IU/mL, HIV RNA<50
copies/mL, due to assays in regular use) and negative
HCV antibody (Ab) at screening (Supplementary
Figure S1). Participants were followed prospectively for
3 years with 6-monthly visits and annual LSM.

Demographics and ART history were collected. At
each visit blood samples were taken, and participants
completed questionnaires on alcohol intake and medi-
cation adherence. ‘Alcohol excess’ was defined by the
following responses. “How often have you had alcoholic
drinks” answered as ‘daily/almost daily’, “number of
standard drinks on a typical day when you are drinking”
answered as ‘≥10’ OR “over past 6 months, how often
have you had ≥ six drinks on one occasion” answered as
‘daily/almost daily’. Local laboratories completed stan-
dard of care testing (full blood count; liver function,
CD4+/CD8+ T-cell counts, HIV RNA, HBV DNA, HBV
serology (hepatitis B surface (HBs) and hepatitis B pre-
core (HBe) antigen, anti-HBs and anti-HBe Ab levels).

Liver fibrosis
Liver fibrosis was assessed using LSM by TE by experi-
enced operators within 12 months of study enrolment
and at months 12, 24 and 36. We used TE cut-offs vali-
dated for PWH with HBV coinfection to stage fibrosis
according to the Metavir system (F1–F4) (F1 < 5.9 kPa
(kilopascals), F2 = 5.9–7.5 kPa, F3 = 7.6–9.3 kPa, F4 ≥
9.4 kPa20,21).

Liver fibrosis progression. The pre-determined primary
endpoint was a categorical change in liver fibrosis score,
defined as an increase in Metavir fibrosis stage (F1 <
5.9 kPa (kiloPascals), F2 5.9–7.5 kPa, F3 7.6–9.3 kPa, F4
≥ 9.4 kPa)20,21 from baseline result to last study time
point. These participants are referred to as “progressors”.
Participants with fewer than two LSM were excluded. We
used a pre-determined secondary definition of fibrosis
progression of 20% increase and ≥2 kPa (at least one
value >5.9 kPa).22 An exploratory analysis included
defining ‘regressors’, based on a similar decrease in LSM.

Laboratory methods
Markers of microbial translocation, and immune mediators in
plasma. These were measured at baseline, months 12,
24 and 36. Plasma soluble CD14 (sCD14) is a marker of
microbial translocation and was measured as previously
described23 and HMGB1, a marker of cell damage and
death quantified by ELISA according to the manufac-
turer’s instructions (Catalogue number 30164033 IBL
International GMBH, Hamburg, Germany).24 Immune
mediators including tumour necrosis factor (TNF)-α,
interleukin (IL)-10 and IL-18, chemokine (C-X-C motif)
ligand (CXCL)−9, −10, −11, C–C motif chemokine
ligand (CCL)2, CCL3, CCL4 and CCL5 were measured
www.thelancet.com Vol 102 April, 2024
by multiplex (Custom-LX, Luminex, Procartaplex,
ThermoFisher Scientific, Waltham MA).

Sample size
No sample size calculation was done for this sub-study
to assess predictors of liver disease progression. Partic-
ipants were recruited as part of a larger multi-centre
cross sectional and longitudinal cohort which had
multiple aims related to liver disease pathogenesis in
HIV-HBV co-infection25 and HIV persistence in the
liver.26 As part of this exploratory analysis, effect sizes
and confidence intervals in addition to p-values are re-
ported to support interpretation of the results.

Statistical analysis
Baseline data including patient characteristics and
plasma biomarkers at study entry were summarised
using frequency and percentage (categorical data) and
mean and standard deviation or median and inter-
quartile range (IQR) (25th–75th percentile) (numerical
data) depending on the symmetry of the distribution in
total, by country (Australia or Thailand), and by pro-
gression status (progressor or non-progressor). Differ-
ences between progressors and non-progressors were
tested using the Welch’s t-test or Wilcoxon rank-sum
test if non-normally distributed (numerical data) and
chi-square test or Fisher’s exact test as appropriate based
on expected cell count (categorical data). In addition,
progressors and non-progressors were compared using
logistic regression to account for differences in CD4+ T-
cells at study entry (except for variables related to CD4)
and presented alongside adjusted relative risk estimates
and corresponding two-sided 95% confidence intervals
obtained using STATA command ADJRR.

A linear mixed regression model with random
intercept for individual and random slope for time and
unstructured covariance matrix between the random
effects was fitted using restricted maximum likelihood
to the longitudinal data of each clinical and biochemical
marker separately. To examine the average 12-monthly
rate of change we assumed a linear trajectory from
baseline to month 36 (i.e., continuous time). The
models were adjusted for CD4+ T-cells at study entry
(except for the outcome variables measuring CD4+ T-
cell count and CD4+ T-cells [%]). In addition, we
compared the average 12-monthly rate of change be-
tween progressors and non-progressors by including the
main effect for progressor status and its interaction with
time in the model. Clinical and biochemical character-
istics were log base e transformed before fitting models
(except albumin). Before log-transformation, zero values
for CCL2, CCL3, CCL4, IL-10 and IL-18, were replaced
by the lower limit of detection divided by 2.

Pre-specified subgroups were explored for LSM,
based on sex (female or male), HBeAg (positive or
negative), nadir CD4+ T cell count (< or ≥200 cells/μL),
plasma HIV RNA at CD4 nadir (< or ≥200,000 copies/
3
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mL), alanine transferase (ALT) (over local laboratory
upper normal limit [derangement] or not) and country
(Australia or Thailand). In addition, post-hoc subgroups
based on CD4 nadir (%) (< or ≥10%) and ART duration
(≤ or >10 years) were explored. Baseline LSM and
change over time (kPa), both log base e transformed,
were compared for subgroups using robust linear
regression, unadjusted and adjusted for CD4+ T-cells at
study entry (except for nadir CD4+ T cell count and CD4
nadir [%]).

Detectable virus in plasma was defined as HIV>50
copies/mL or HBV>20 IU/mL. Differences in pro-
gressor status between participants with detectable HIV
or HBV at any study visit were explored visually and
using descriptive statistics.

Analysis included complete cases except for the
longitudinal analysis which was based on all available
data. Assumptions underlying the statistical models
were checked. In particular, the linearity assumption
underlying the logistic regression models was tested by
comparing first-order and second-order fractional poly-
nomial functions with the linear function.27 The more
complex model was selected only if this improved the fit
statistically at the 5% significance level. Normality and
homogeneity underlying the linear regression models as
well as outlying or influential values were assessed by
(visual) inspection of the residuals. Sensitivity analyses
were performed if major violations of assumptions were
identified. A two-sided 5% level of significance was
used, without multiple testing adjustment due to the
exploratory nature of the analysis. STATA/SE Version
15.1 for Windows and Origin (Pro), Version 2021, Ori-
ginLab Corporation, Northampton, MA was used.

The statistical analysis plan for the study is included
as a Supplementary file.

Role of the funding source
The funder had no role in the study design, data
collection, data analysis, interpretation, writing of this
manuscript or in the decision to submit the paper for
publication.

Results
Clinical characteristics at enrolment
We identified 68 of 72 eligible participants
(Supplementary Figure S1, Table 1). One participant
was lost to follow-up after the study entry visit, so was
excluded from any analysis. Median age of the 67 par-
ticipants was 49 years and 85% were male. Alcohol was
not used at all by 37% of participants and a further 30%
drank 1–2 drinks less often than monthly. 10% (n = 7)
drank alcohol daily or almost daily and of this group,
most (70%) drank 3–4 drinks or more on a typical day
(Supplementary Table S1).

A nadir CD4+ T-cell count less than 200 cells/μL was
seen in 64% of participants, 31% were HBeAg positive
and 13% had ALT above the upper normal limit. Median
LSM was 5.0 kPa (IQR: 4.3–5.8), 75% of participants had
fibrosis < F2 and 16% had severe liver fibrosis (≥F3)
(Table 1, Fig. 1). Median ART duration was 10 years
(IQR: 8–16). At baseline, 93% (62/67) were taking teno-
fovir disoproxil (TDF) and emtricitabine or lamivudine
(FTC/3TC), whilst an additional 4 were taking FTC/3TC
but not tenofovir (summarised in Supplementary
Table S2). One participant was not on an HBV active
agent (on raltegravir, etravirine and darunavir) but was
still HBsAg positive with suppressed Hepatitis B DNA,
thus meeting eligibility criteria. During the study, ART
was changed in 14 participants (21%), two of whom
changed twice (full details in Supplementary Table S2).
Only one participant received tenofovir alafenamide, with
the remainder taking tenofovir disoproxil.

Compared to Australian participants, Thai partici-
pants (n = 31) were younger, more likely to be female,
more commonly on ART for ≤10 years, had lower me-
dian nadir CD4+ T cells, higher CD4+ T-cells at enrol-
ment and higher pre-ART HIV RNA (Table 1). Thai
participants were more likely to be on two HBV-active
agents. Baseline LSM were similar and no evidence of
differences by site were seen in plasma cytokines
(Supplementary Table S3).

The only difference in liver fibrosis by subgroup was
baseline LSM which was higher amongst men than
women (median (IQR) = 5.1 (4.4–6.1) and 4.4 (3.2–4.4)
respectively) (Supplementary Table S4).

Changes in liver stiffness over time
Amongst the participants, 59/67 had at least one LSM
allowing assessment of fibrosis progression
(Supplementary Figure S1, Fig. 1a). Using the primary
definition, 11/59 (19%) participants had increased
Metavir stage during 3-years or 6/100py after 175py of
follow-up. A small number of participants (5/59) had
stage 4 fibrosis (LSM ≥9.4 kPa) at study entry, thus
could not be assessed for progression. When these
participants were removed, 11/54 (20%) were pro-
gressors during 3-years or 7/100py after 158py follow-up
(Fig. 1b, Supplementary Figure S2). Using our pre-
defined secondary definition of liver disease progres-
sion (increase LSM by ≥2 kPa), 9/59 (15%) were pro-
gressors during 3-years or 5/100py after 175py follow-up
(Supplementary Figure S2). Eight participants were
progressors by both definitions.

Median (IQR) change LSM over time overall was 0.0
(−1.2 to 1.6) kPa after 175py of follow-up over a median
(IQR) 35 (34–41) months. This didn’t change when
adjusted for baseline CD4+ T-cells (Supplementary
Table S5). By subgroup comparisons, the only statisti-
cal difference in change in LSM over time was in those
with CD4+ T-cell nadir <10% who had a bigger LSM
increase compared to those with CD4 T-cell nadir >10%
(Supplementary Table S6).
www.thelancet.com Vol 102 April, 2024
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Total Australia Thailand

General

Numbers, n (%) 67 (100%) 36 (54%) 31 (46%)

Age, years 49.3 (44.0–58.1) 52.9 (49.0–62.7) 44.7 (41.2–49.3)

Female, n, (%) 10 (15%) 1 (3%) 9 (29%)

Excess alcohola n, (%)a 8 (12%) 7 (19%) 1 (3%)

BMI, kg/m2, mean (SD) 23.5 (3.7)a 24.0 (3.9)b 22.9 (3.3)

HBV

HBeAg positive, n (%) 21 (31%) 13 (36%) 8 (26%)

ALT, U/L 29.0 (22.0–37.0) 28.0 (21.0–38.5) 32.0 (22.0–36.0)

ALT derangementb, n (%) 9 (13%) 7 (19%) 2 (6%)

Level (xULN) 1.4 (1.1–1.7) 0.7 (0.6–1.0) 0.6 (0.4–0.7)

HIV

Duration ART ≤10 years,
n (%)

36 (54%) 14 (39%) 22 (71%)

Time on ART, years 10 (8–16) 12 (7–17) 9 (8–13)

Nadir CD4+ T-cell count,
cells/μL

128.0 (28.0–230.0) 135.0 (21.0–246.5) 88.0 (34.0–226.0)

Nadir CD4+ T-cells, % 10.0 (4.0–15.0)c 10.5 (4.0–16.0)d 10.0 (2.0–14.0)

Nadir CD4+ T-cell count
<200 cells/μL, n (%)

43 (64%) 23 (64%) 20 (65%)

Nadir CD4 <10%, n (%) 28 (44%)c 14 (44%)d 14 (45%)i

HIV RNA at nadir CD4, log 10
copies/mL

4.7 (3.8–5.0)e 4.1 (3.1–5.0)f 4.8 (4.2–5.1)

HIV RNA ≥200,000 copies/
mL at nadir, n (%)

9 (14%)e 3 (9%)f 6 (19%)

CD4+ T-cell count, cells/μL 534 (389–804) 465 (318–761) 577 (475–811)

CD4+ T-cells, % 28 (22–35) 25.5 (20.5–35) 29 (25–35)

CD8+ T-cell count, cells/μL 760 (536–1035) 741.5 (528.5–1197) 767 (642–1007)

Treatment

2 HBV-active agents, n (%) 62 (93%) 31 (86%) 31 (100%)

<2 HBV-active agents, n (%)c 5 (7%) 5 (14%) 0 (0%)

Liver fibrosis

Fibrosis—LSM by TE, kPa 5.0 (4.3–5.8)g 4.9 (4.4–6.3)h 5.1 (4.2–5.7)

Fibrosis—Metavir stage
equivalent (n, %)

g h

F1 (<5.9 kPa) 48 (75%) 24 (73%) 24 (77%)

F2 (5.9–7.5 kPa) 6 (9%) 3 (9%) 3 (10%)

F3 (7.6–9.3 kPa) 5 (8%) 3 (9%) 2 (6%)

F4 (≥9.4 kPa) 5 (8%) 3 (9%) 2 (6%)

TE, Fibrosis classified

Mild (F1, F2) 54 (84%) 27 (82%) 27 (87%)

Severe (F3, F4) 10 (16%) 6 (18%) 4 (13%)

Cytokines

IP10 (CXCL10), pg/mL 9.2 (4.3–24.2) 7.8 (4.7–27.1) 10.2 (3.7–21.1)

HMGB1, ng/mL 2.7 (1.9–4.2) 2.6 (1.6–5.2) 2.9 (1.9–3.7)

All data are presented as median (IQR) unless indicated. SD, Standard Deviation, IQR, Interquartile range. Total
n = 67, Australian n = 36 and Thailand n = 31, unless indicated. LSM, liver stiffness measurement, TE, transient
elastography, HMGB1, high mobility group box 1 protein. an = 66, bn = 35, cn = 63, dn = 32, en = 65, fn = 34,
gn = 64, hn = 33, in = 31 (Liver fibrosis data was missing for 3 participants from Australian sites due to no
baseline scan available). aExcess alcohol’ indicates at least one of “how often have you had alcoholic
drinks” = daily/almost daily OR “number of standard drinks on a typical day when you are drinking” = 10 or
more OR “over past 6 months, how often have you had ≥ six drinks on one occasion” = daily/almost daily.
Further details are in Supplementary Table S2. bALT derangement defined as outside of local laboratory
reference ranges which differed by site: in Thailand ALT <55U/L, AST <35U/L; Melbourne <40U/L, AST <35U/L;
Sydney ALT <30U/L, AST <30U/L. c<2 HBV-active agents (n = 4 lamivudine (3TC) only and n = 1 nil HBV active
medication).

Table 1: Baseline characteristics in total and by site.

Articles
A 14% (95% CI: 7%–21%) average kPa increase every
12-months was seen amongst progressors
(Supplementary Table S7). Fibrosis regression occurred
in 4 participants or 25% (4/16) with stage >F1 at base-
line during 3-years or 8/100py follow-up
(Supplementary Figure S2).

Characteristics and predictors of liver disease
progression on ART
Progressors had lower nadir CD4+ T cells and per-
centage, lower current CD4+ T cell percentage and
higher HMGB1 (Table 2, Fig. 2, Supplementary
Table S8). In regression analysis, progressors
compared to non-progressors had higher levels of
HGMB1 (by grade: adjusted relative risk (aRR) 1.47,
95% confidence interval (CI) [1.00, 2.17]; by kPa: aRR
1.50, 95% CI [0.98, 2.28]) and lower nadir CD4+ T-cell
percentage (by grade: RR 0.93, 95% CI [0.88, 0.98]; by
kPa: RR 0.91, 95% CI [0.85, 0.98]). There was no dif-
ference in other markers of inflammation by progressor
status (Supplementary Table S9).

Nadir CD4+ T cell percentage <10% was more
common in progressors compared to non-progressors,
(when liver fibrosis was defined either by 9/11 (82%)
versus 15/44 (34%) stage [Table 2], or 8/9 (89%) versus
16/46 (35%) by kPa [Supplementary Table S8]). There
was no evidence of differences in progressor status by
other baseline characteristics including those associated
with excess alcohol intake (Table 2).

Change in clinical and inflammatory parameters
over time in progressors and non-progressors
BMI
Over the course of the study, the median (IQR) change
in weight and BMI was 0.7 kg (−1.3 to 3.23) and 0.24 kg/
m2 (−0.48 to 1.16) respectively and there were no
observed differences between progressors and non-
progressors (weight: −0.3 kg (−3.3 to 2.6) versus 0.8 kg
(−1.35 to 4.1), BMI: −0.11 kg/m2 (−1.13 to 0.84) versus
0.28 kg/m2 (−0.52 to 1.54)).

Virological control (plasma)
A post-hoc analysis was performed to understand the
relationship between virological control and fibrosis
progression. Most participants had stable suppressed
HIV RNA and HBV DNA in plasma. However, 18 par-
ticipants had detectable HIV RNA (n = 12) and/or HBV
DNA (n = 12) at least once (Supplementary Figure S3).
Five had detectable HIV RNA (>50 copies/mL) and HBV
DNA (>20 copies/mL). Adherence data were collected
(reported missed doses) but were incomplete. In one
case a significant number of missed doses corresponded
to increasing detectable virus and this participant with-
drew from the study. Most detectable virus was low level
and not sustained. Of the samples with detectable HIV
RNA, 75% (9/12) were only detectable on one sample
www.thelancet.com Vol 102 April, 2024 5
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Fig. 1: Liver fibrosis of study participants over time. Liver stiffness measurements (LSM) were assessed using transient elastography (TE) in
each participant at baseline and over 48 weeks follow up at three visits. In panel (a) LSM measured in kPa is shown for each participant with red
symbols representing results for progressors (n = 11) (defined as increase in Metavir stage equivalent). The cut off for fibrosis grade F2–4 is
shown as a dotted line. Violin plots show the median (horizontal black line) and interquartile range (horizontal dashed black line). Panel (b)
shows the proportion of participants at each study visit with LSM scores defined by grade; In panel (c) linear regression of LSM measurements
over time (95% confidence intervals) for non-progressors (n = 48) and (d) progressors (n = 11) (both defined by change in Metavir score).
Baseline LSM was included with a window from −2 years to +6 months after enrolment. Visits 1, 2 and 3 were defined with a window ± 6
months around 12, 24 and 36 months respectively. Fibrosis definitions were F1 < 5.9 kPa (kilopascals), F2 5.9–7.5 kPa, F3 7.6–9.3 kPa, F4
≥ 9.4 kPa as previously defined for people living with HIV-HBV co-infection.20,21

Articles

6

for a single participant. The median level of detectable
HIV was 104 copies/mL (IQR 69–2735 copies/mL).
Repeated detectable virus was more common for HBV
with 50% (6/12) of participants having detectable HBV
DNA on two measurements and 25% (3/12) more
frequently. The median level of detectable HBV was 48
(IQR 28–483 copies/mL).

By primary definition, the proportion of pro-
gressors amongst participants with detectable HIV
RNA on at least one occasion was 4/11 (36%)
compared to 7/48 (15%) with suppressed HIV RNA at
every visit. The proportion of progressors, amongst
participants with detectable HBV DNA on at least one
occasion, was 3/12 (25%) compared to 8/47 (17%) with
suppressed HBV DNA at every visit. Of participants
with detectable HIV RNA and/or HBV DNA at least
once, 6/18 (33%) were progressors (by stage)
compared to 5/41 (12%) with both viruses fully
www.thelancet.com Vol 102 April, 2024
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Progressor status (Grade change) Unadjusted p-value Adjusted relative riskc

estimate (95% CI)
No Yes

General

Numbers, n (%) 48 (81%) 11 (19%) – –

Site, n (%) 0.41

Australia 24 (50%) 4 (36%) Reference level

Thailand 24 (50%) 7 (64%) 1.73 (0.55, 5.38)

Age, years 47.7 (44.0–53.8) 52.3 (43.3–58.1) 0.70 1.00 (0.94, 1.06)

Sex, n (%) 1.00

Male 40 (83%) 10 (91%) Reference level

Female 8 (17%) 1 (9%) 0.57 (0.08, 3.86)

Alcohol, n (%)a 1.00

No excess 43 (90%) 10 (91%) Reference level

Excess 5 (10%) 1 (9%) 0.76 (0.11, 5.21)

BMI, kg/m2 (mean, SD) 23.5 (3.3)a 21.7 (3.7) 0.16 0.98 (0.93, 1.04)

HBV

HBeAg, n (%) 1.00

Negative 32 (67%) 8 (73%) Reference level

Positive 16 (33%) 3 (27%) 0.76 (0.23, 2.56)

ALT, U/L 28 (20–36) 33 (27–42) 0.20 1.01 (0.98, 1.05)

ALT derangement, n (%) 1.00

No 41 (85%) 10 (91%) Reference level

Yes 7 (15%) 1 (9%) 0.61 (0.09, 4.14)

HIV

Duration ART, n (%) 0.49

>10 years 23 (48%) 4 (36%) Reference level

≤10 years 25 (52%) 7 (64%) 1.32 (0.42, 4.17)

Time on ART, years 10 (8–15) 9 (8–17) 0.63 0.99 (0.89, 1.10)

Nadir CD4+ T-cell count, cells/μL 135.0 (36.5–228.0) 59.0 (20.0–247.0) 0.37 1.00 (0.99, 1.00)

Nadir CD4+ T-cells, % 11.0 (4.0–15.0)b 4.0 (2.0–8.0) 0.047 0.93 (0.88, 0.98)

Nadir CD4+ T-cell count, n (%) 0.73

≥200 cells/μL 17 (35%) 3 (27%) Reference level

<200 cells/μL 31 (65%) 8 (73%) 1.37 (0.41, 4.60)

Nadir CD4+ T-cells, n (%) 0.006

≥10% 29 (66%)b 2 (18%) Reference level

<10% 15 (34%)b 9 (82%) 5.81 (1.38, 24.45)

HIV RNA (log 10 cps/mL) at nadir CD4 4.7 (3.9–5.0)c 4.7 (3.8–5.3) 0.83 0.99 (0.61, 1.61)

HIV RNA at nadir, n (%) 0.64

<200,000 cps/mL 40 (87%)c 9 (82%) Reference level

≥200,000 cps/mL 6 (13%)c 2 (18%) 1.36 (0.36, 5.14)

CD4+ T-cell count, cells/μL 568 (393–813) 517 (453–653) 0.57 1.00 (1.00, 1.00)

CD4+ T-cell count, % 30.5 (25–35) 24 (19–27) 0.035 0.97 (0.96, 0.99)

CD8+ T cell count, cells/μL 737 (531–981.5) 932 (712–1469) 0.094 1.00 (1.00, 1.00)

Treatment

2 HBV-active agents, n (%) 46 (96%) 9 (82%) 0.15 Reference level

<2 HBV-active agents, n (%)b 2 (4%) 2 (18%) 2.83 (0.82, 9.74)

Liver fibrosis

Fibrosis—LSM by TE, kPa 4.8 (4.2–6.0) 5.5 (4.8–6.9) 0.25 0.98 (0.84, 1.15)

Fibrosis—Metavir stage equivalent (n, %) 0.45

F1 (<5.9 kPa) 35 (73%) 8 (73%) Reference level

F2 (5.9–7.5 kPa) 5 (10%) 1 (9%) 0.98 (0.15, 6.33)

F3 (7.6–9.3 kPa) 3 (6%) 2 (18%) 2.22 (0.66, 7.43)

F4 (≥9.4 kPa) 5 (10%) 0 (0%) –

(Table 2 continues on next page)
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Progressor status (Grade change) Unadjusted p-value Adjusted relative riskc

estimate (95% CI)
No Yes

(Continued from previous page)

TE, Fibrosis—mild or severe 1.00

Mild (F1, F2) 40 (83%) 9 (82%) Reference level

Severe (F3, F4) 8 (17%) 2 (18%) 1.00 (0.25, 4.03)

Cytokines

IP10 (CXCL10), pg/mL 7.0 (4.2–21.3) 8.3 (3.4–12.5) 0.51 0.98 (0.95, 1.02)

HMGB1, ng/mL 2.4 (1.5–3.4) 3.7 (2.6–5.0) 0.011 1.47 (1.00, 2.17)

All data are presented as median (IQR) unless indicated. SD, Standard Deviation, IQR, Interquartile range (25th–75th percentile), CI, Confidence Interval, LSM, liver stiffness
measurement, TE, transient elastography, HMGB1, high mobility group box 1 protein. Eight participants were unable to be classified as progressor or non-progressor due to
having only one LSM. Missing data occurred for an = 47, bn = 44, cn = 46. One of these was on <2 HBV-active agents. aExcess alcohol’ indicates at least one of “how often
have you had alcoholic drinks” = daily/almost daily OR “number of standard drinks on a typical day when you are drinking” = 10 or more OR “over past 6 months, how often
have you had ≥ six drinks on one occasion” = daily/almost daily. b<2 HBV-active agents (n = 3 lamivudine (3TC) only and n = 1 nil HBV active medication). cAfter adjusting
the comparison between progressors and non-progressors for baseline CD4 count for all characteristics (except for Nadir CD4+ T-cell count, cells/μL, Nadir CD4+ T-cell, %,
Nadir CD4 <200+ T-cell count, cells/μL (n,%), CD4+ T-cell count, cells/μL, CD4+ T-cell, %) using logistic regression with a linear relationship between each continuous
characteristic and the logit.

Table 2: Baseline characteristics by progressor status (grade).
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suppressed. Similar results were found using the
secondary definition of progressors (by kPa).

HBeAg and HBsAg seroconversion
Changes in HBV serology were similar in progressors
compared with non-progressors. HBsAg was lost in one
progressor and one non-progressor, without detection of
anti-HBsAb. HBeAg seroconversion with gain of anti-
HBeAb was seen in one progressor. Loss of HBeAg
occurred in one non-progressor (without anti-HBeAb).
In one progressor and one non-progressor, HBeAg
(without anti-HBeAb) went from negative to positive.
Transient changes in HBeAg detection were seen in one
progressor and three non-progressors.

Immunological, inflammatory, and apoptotic parameters
Using a longitudinal analysis model for the whole
cohort, there were no changes in liver enzymes and no
Fig. 2: Clinical parameters that differed at baseline between progres
(black) and progressors (red) for (a) CD4 T-cell nadir percentage (n = 4
centage (n = 48 non-progressors and 11 progressors), and (c) high mobilit
Each participant is represented by a symbol within a violin plot showing
dashed black line). Statistical comparisons were made using Wilcoxon ra
change in CD4+ T cells over time. A decrease in CD8+ T
cell count occurred (estimate 3% (95% CI: 0–5%) but
this is unlikely to be clinically significant
(Supplementary Table S5). There were decreases in
CXCL10, CXCL11, CCL2, CCL3, CCL4, CCL5, TNF-α,
IL10 and IL18 (Supplementary Table S5) but no change
in sCD14. HMGB1 increased (change estimate 10%
(95% CI: 2–18%) annually (Supplementary Table S5).
There was no difference in 12-monthly rate of change
over time by progressor status for immunological, in-
flammatory, or apoptotic markers (Supplementary
Table S7).
Discussion
We found liver fibrosis progression in PWH and HBV
co-infection in 20% in those without F4 fibrosis at
baseline, despite suppressive HBV-active ART. This
sors and non-progressors. Panels show results for non-progressors
4 non-progressors, n = 11 progressors), (b) current CD4 T-cell per-
y group box 1 (HMGB1) (n = 48 non-progressors and 11 progressors);
the median (horizontal black line) and interquartile range (horizontal
nk sum test with relevant p-values shown.
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contrasts with HBV mono-infection where fibrosis
progression on antiviral treatment is uncommon.7,8

Fibrosis progression was associated with elevated
HMGB1 and lower nadir CD4+ T-cell count. Regression
occurred in 4 participants or 25% (4/16) of those with
stage >F1 at baseline during 3-years or 8/100py over
49py follow-up (Supplementary Figure S2).

Only one previous study has prospectively examined
liver fibrosis progression in participants already estab-
lished on stable on suppressive ART, mainly containing
tenofovir with similar follow-up duration.17 In this study
from North America, liver disease progression (increase
of ≥2 Ishak fibrosis score points, assessed by biopsy
(n = 139, 62 with paired biopsies)) occurred in 12%,
whilst 7% had improvement. In our study, we observed
liver disease progression in 19% of participants (7/
100py follow-up). The use of liver biopsy as well as a
different scale and higher threshold for definition of
progression in this prior study17 may explain the slightly
lower rate of liver disease progression observed. Age
and sex distribution were similar; however, fewer par-
ticipants had detectable HBeAg. The study populations
may also have differed in sequence of HIV and HBV
infection and age of HBeAg seroconversion, given in
our study most participants were recruited in Asia
where vertical transmission of HBV is generally more
common than in North America.28 Other potential fac-
tors including alcohol use patterns and BMI were not
found to be associated with fibrosis in either study but
are important to consider as possible confounders.

A very interesting finding in our study was that
progressors had significantly higher levels of the dam-
age associated molecular protein (DAMP), HMGB1 at
enrolment. HMGB1 is ubiquitously expressed at high
level in parenchymal and non-parenchymal liver cells. It
is passively released during cell death and may also be
actively secreted as a soluble protein during cellular
stress or tissue injury.29 We only measured circulating
HMGB1 and therefore are unable to identify the source
of HMGB1. HMGB1 has been identified previously as
an important marker and mediator of liver disease
pathogenesis in HBV mono-infection,30 with a range of
roles demonstrated in vitro and murine studies
including stellate cell activation and fibrogenesis.31,32 In
a recent study we found increased levels of HMGB1 in
PWH with HBV coinfection compared with those with
HBV alone, with higher levels seen in those with more
severe fibrosis. In an in vitro model we also demon-
strated that exposure to sera from PWH and HBV co-
infection enhanced activation of primary hepatic stellate
cells, the key mediator of fibrosis in the liver.33 A pre-
vious study by our group found increased levels of
apoptotic hepatocytes in liver biopsies from PWH with
HBV co-infection compared with those who had HBV
mono-infection.34 Elevated circulating HMGB1 in PWH
with HBV co-infection who are progressors could be
related to higher levels of hepatocyte death, however, we
www.thelancet.com Vol 102 April, 2024
are unable to confirm this in an observational study. A
larger study is needed to fully determine the clinical
utility of HGMB1 in predicting liver disease progres-
sion. This larger study could also address the important
issues of sensitivity, specificity, positive predictive value,
and negative predictive value.

Immune suppression was also found to be associated
with liver disease progression. CD4 nadir percentage
but not absolute nadir or CD4 nadir <200 were signifi-
cantly associated with fibrosis progression. CD4% will
vary with changes in total CD8 T-cells, so it is possible
that the CD4 percentage reflects both immunosup-
pression (loss of CD4+ T-cells) as well as generalised
inflammation (reflected as a high CD8+ T-cell count).
An association between lower baseline CD4+ T-cells and
liver fibrosis stage has been previously described in
PWH and HBV.5,9,13,15,19,35 Lower CD4+ T-cell nadir is
associated with poorer recovery of CD4+ T-cells,
although in our study, current CD4+ T-cells were not
different between progressors and non-progressors.
Lower CD4+ T-cell nadir has also been associated with
increased CD4+ T-cell turnover36 and therefore
increased cellular proliferation and death, which could
also have been a source of circulating HMGB1 amongst
progressors in our study. Finally, advanced immuno-
suppression may accelerate liver fibrosis through
increased translocation of microbial products due to
lymphocyte depletion from the gastrointestinal mucosa,
or persistent expression of pro-inflammatory cyto-
kines.25,37,38 However, in our study, circulating markers
of inflammation or microbial translocation were not
associated with liver disease progression.

Strengths of our study were that participants were on
stable suppressive ART at study enrolment, and there
were high rates of study retention and prolonged follow
up. Limitations include a small sample size limiting the
number of potential confounding factors that could be
incorporated into modelling such as alcohol intake or
hepatitis D infection (which was not available) and
precision of the estimated associations. It was not
possible to perform intrahepatic sampling or biopsy in
this study. LSM is a good alternative to liver biopsy and
has been validated in PWH and HBV coinfection.20,21

We recognise that a categorical classification of
fibrosis in HIV-HBV co-infection is imperfect with
these cut-offs derived with lower specificity to enhance
detection of cirrhosis.20,21 However, to overcome this
limitation, in our study we used two approaches to
measure changes in liver stiffness with both categorical
and continuous variables and overall arrived at the same
conclusions.

An important strength of our study is its prospective
nature and the inclusion criteria of viral load suppres-
sion in individuals who were mainly on tenofovir con-
taining ART. In our study, HIV and HBV were
suppressed in most participants throughout the study.
While we observed liver fibrosis regression in 25% of
9
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participants over 3 years, other prospective HIV-HBV
studies observed higher rates of fibrosis regression of
over 40% using LSM.9,12,14,15 These differences in find-
ings may be explained by initiation of ART itself
resulting in reduced viral replication and therefore
decreased liver inflammatory activity and hence
LSM.9,12,14,15 Furthermore, suppression of plasma HBV
DNA is associated with liver fibrosis regression and is
more common after switching to tenofovir containing
therapy.3,9,12 Decreased LSM was associated with high
HBV DNA pre-tenofovir.9,12 In HBV mono-infection, a
high plasma HBV DNA VL prior to therapy, was the
strongest predictor of progression to cirrhosis over 11
years’ follow up.39

The possibility of an increase in HIV and HBV viral
load leading to higher inflammation and therefore an
increase in LSM cannot be excluded, although a direct
association was not seen in our study. In a similar
prospective cohort study performed in France, liver
fibrosis was examined from time of switch to tenofovir
based therapy. After a median 32.5 months on tenofovir,
10.5% had a higher Metavir stage on paired liver biopsy
(n = 38).18 An updated analysis of a larger group
(n = 169) including the same cohort after a median 7.6
years, showed fibrosis progression in 22.5%, assessed by
‘Fibrotest’,19 consistent with our findings.

The lack of a comparator group with HBV alone
may be considered a limitation, however given
different thresholds for treatment initiation, compar-
isons between these two groups are difficult to make.
Finally, there were differences at baseline between
Australian and Thai participants, with Thai partici-
pants being younger and more recently diagnosed
with HIV infection. The pattern and natural history of
HBV infection in Thailand (endemic HBV and usually
acquired in childhood), is different from Australia
(where HBV is not endemic and usually acquired as an
adult). HBV genotype also differs between these two
geographical regions,40 but could not be measured in
this study. There was, importantly, no difference in
fibrosis levels and no difference in HMGB1 nor nadir
CD4+ T-cells between Australian and Thai
participants.

In summary, in this prospective longitudinal
cohort study, liver fibrosis progression occurred in
almost one fifth of PWH and HBV co-infection on
stable ART, despite suppressive ART. Liver disease
progression was associated with lower nadir CD4+ T-
cell count and higher levels of HMGB1 at baseline.
The source of HMGB1 is unclear but could arise from
increased hepatocyte cell death leading to fibrogenesis
or enhanced CD4+ T-cell turnover in people who
initiate ART with a low CD4+ T-cell count. Our find-
ings of liver fibrosis progression being associated
with lower nadir CD4+ T-cell count supports
the importance of early and sustained suppressive
HBV-active ART in reducing morbidity and mortality
in PWH and HBV co-infection.
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