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Background. Advanced fibrosis occurs more commonly in human immunodeficiency virus (HIV)-hepatitis B virus (HBV) co-
infected individuals; therefore, fibrosis monitoring is important in this population. However, transient elastography (TE) data in
HIV-HBYV coinfection are lacking. We aimed to assess liver fibrosis using TE in a cross-sectional study of HIV-HBV coinfected
individuals receiving combination HBV-active (lamivudine and/or tenofovir/tenofovir-emtricitabine) antiretroviral therapy, identify
factors associated with advanced fibrosis, and examine change in fibrosis in those with >1 TE assessment.

Methods. We assessed liver fibrosis in 70 HIV-HBV coinfected individuals on HBV-active combination antiretroviral therapy
(cART). Change in fibrosis over time was examined in a subset with more than 1 TE result (n = 49). Clinical and laboratory variables
at the time of the first TE were collected, and associations with advanced fibrosis (>F3, Metavir scoring system) and fibrosis regres-
sion (of least 1 stage) were examined.

Results. The majority of the cohort (64%) had mild to moderate fibrosis at the time of the first TE, and we identified alanine
transaminase, platelets, and detectable HIV ribonucleic acid as associated with advanced liver fibrosis. Alanine transaminase and
platelets remained independently advanced in multivariate modeling. More than 28% of those with >1 TE subsequently showed
liver fibrosis regression, and higher baseline HBV deoxyribonucleic acid was associated with regression. Prevalence of advanced fi-
brosis (>F3) decreased 12.3% (32.7%-20.4%) over a median of 31 months.

Conclusions. The observed fibrosis regression in this group supports the beneficial effects of cART on liver stiffness. It would be
important to study a larger group of individuals with more advanced fibrosis to more definitively assess factors associated with liver

fibrosis regression.
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Approximately 33 million people globally are infected with
human immunodeficiency virus (HIV), and 5% to 20% are
coinfected with hepatitis B virus (HBV) [1, 2]. The prevalence
of chronic HBV infection in people with HIV varies in accor-
dance with epidemiological patterns of transmission, and it
has been estimated that 6.3% of individuals infected with HIV
in Australia are chronically infected with HBV [3]. Human im-
munodeficiency virus infection has a significant impact on the
natural history of chronic HBV infection, with increased levels
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of HBV deoxyribonucleic acid (DNA), accelerated progression
of liver disease, and increased liver-associated mortality [4-6].
Treatment of HIV-HBV coinfection includes nucleoside or
nucleotide reverse-transcriptase inhibitors (NRTIs) that have
activity against both HIV and HBV. These include lamivudine
(LMV), emtricitabine (FTC), and tenofovir disoproxil fumarate
(TDF), and treatment for both viruses is now recommended at
any CD4 count in current Australian guidelines [7]. Hepatitis B
virus-active antiretroviral therapy (ART) has been associated
with substantial reduction in liver-related mortality, but even
with the availability of highly effective TDF, mortality remains
elevated in individuals coinfected with HIV HBV compared
with patients infected with either HIV or HBV alone [8-10].
Therefore, it is important to evaluate the degree of liver fibro-
sis in patients coinfected with HIV HBV to determine prognosis
after therapy and to identify individuals at risk of hepatocellular
carcinoma. This is particularly important for individuals who
are coinfected with HIV because advanced fibrosis occurs
more frequently [11]. There have now been numerous studies
that have compared vibration-controlled transient elastography
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(TE) to liver biopsy in the setting of coinfection with HIV and
hepatitis C [12-15]. Vibration-controlled transient elastography
uses sound waves to measure the elasticity of the liver and there-
by give an indirect measure of fibrosis. Vibration-controlled
transient elastography has also been well validated in patients
with HIV-HCV coinfection [13], HBV monoinfection [16],
and more recently in HIV monoinfection [17]. Only one study
to date has compared the accuracy of TE with liver biopsy in the
setting of HIV-HBV coinfection, and this demonstrated good
concordance between TE and liver biopsy with area under the
receiver operating curves for significant fibrosis (>F2), ad-
vanced fibrosis (>F3), and cirrhosis (F4) of 0.85, 0.92, and
0.96, respectively [18].

In HBV monoinfection, HBV-active NRTIs have been as-
sociated with improvements in HBV-related disease outcomes
[19] and in liver histology [20-23]. Improvement in fibrosis
as measured by TE has also been observed in in HBV-
monoinfected patients receiving HBV-active NRTIs [24, 25].
Very little data have been published on changes in liver disease
in HIV-HBYV coinfected patients on HBV-active ART using TE.
In the first published study that investigated TE changes in
HIV-HBV coinfection, 17% of patients in the European cohort
had an improvement in liver fibrosis staging as measured by TE,
whereas 75% showed no improvement and 8% had an increase
in liver fibrosis staging [26]. A reduction in liver fibrosis stiffness
has also been observed after a median 7.8 months on TDF in a
sub-Saharan HIV-HBV coinfection cohort study [27]. Data
from another European cohort support this early reduction in
liver stiffness as measured by TE, with the authors specifically
noting that there remains a lack of long-term data regarding the
duration and stability of these on-treatment liver stiffness de-
creases [28]. The impact of long-term HBV-active combination
ART (cART) on liver disease progression in the setting of HIV-
HBYV coinfection therefore remains unclear and warrants fur-
ther investigation.

PARTICIPANTS AND METHODS

Study Participants

Individuals coinfected with HIV HBV who had undergone liver
stiffness assessment by TE using Fibroscan at The Alfred Hospi-
tal and St Vincent’s Hospital Sydney from July 2008 to June 2014
were included in the study (n=70). These participants had un-
dergone TE as part of standard of care treatment for the assess-
ment of fibrosis severity. Eligibility criteria included HIV
antibody positivity, chronic HBV infection (defined as HBV sur-
face antigen [HBsAg] and/or HBV-DNA positive on at least 2
occasions at least 6 months apart), and patients receiving
HBV-active cART (LMV, FTC, or tenofovir, or combination).
Hepatitis C virus (HCV) coinfection and/or hepatitis delta coin-
fection were not exclusion criteria. The study was conducted in
accordance with the Declaration of Helsinki and approved by the
relevant Human Research Ethics Committees in Sydney (St

Vincent’s Hospital Sydney Human Research Ethics Committee)
and Melbourne (Alfred Health Human Ethics Committee).
Because this study was a low-risk project that analyzed standard-
of-care deidentified data, the Human Research Ethics Commit-
tees approved a request for waiver of obtaining consent.

Analysis of fibrosis and associated factors were undertaken at
the time of first TE (n = 70), and change in fibrosis and associ-
ated factors were assessed in those individuals with at least 2 TE
results (n =49). Individuals with <12 months between TE re-
sults were excluded from the analysis of change in fibrosis
(n=4).

Data Abstraction and Collection

Clinical and laboratory data were abstracted from medical re-
cords at study entry. Clinical data included demographics,
any prior standard-of-care liver biopsy data and current anti-
HIV and anti-HBV therapy (anti-HBV therapy was defined as
any regimen that contained LMV and/or tenofovir/tenofovir-
FTC). Laboratory measurements included the following: ala-
nine transaminase (ALT), aspartate aminotransferase, platelets,
hepatitis B e antigen (HBeAg), HBe antibody (anti-HBe), HB
surface antibody (anti-HBs), hepatitis delta virus, HCV anti-
body, HCV ribonucleic acid (RNA), HIV RNA, TE result,
CD4 count, and nadir CD4 count.

Transient Elastography

Liver stiffness was assessed by TE using Fibroscan (Echosens,
Paris, France) as part of standard-of-care treatment for individ-
uals coinfected with HIV HBV. Examinations were performed by
trained clinicians who have regularly undertaken TE examina-
tions for over 4 years. Vibration-controlled transient elastography
examinations were performed with the individual lying supine
and the right lobe of the liver identified by ultrasound. Ten
valid readings were taken in the midaxillary line using the M
probe. A valid reading was defined as having a ratio of inter-
quartile range (IQR) to median of <0.3. Vibration-controlled
transient elastography cutoffs used to stage fibrosis were as follows:
F1 <5.8 kPa, F2 5.9-7.5 kPa, F3 7.6-9.3 kPa, and F4 > 9.4 kPa,
using the Metavir scoring system [29] to grade fibrosis. These
are the only liver biopsy-validated TE cutoffs in the setting of
HIV-HBYV coinfection that have been reported to date [18].

Statistical Analysis

Clinical and laboratory variables examined included gender,
age, ethnicity, detectable HBV DNA, median HBV DNA (IU/
mL), detectable HIV RNA (>50 copies/mL), median HIV
RNA (copies/mL), HBsAg status, anti-HBs status, HBeAg sta-
tus, anti-HBe status, HCV Ab status, duration known HIV pos-
itive, duration of cART, duration of HBV-active cART, current
and nadir CD4 cell count, platelets, and ALT.

For cross-sectional analysis, individuals were classified as
having mild to moderate (Stage 0-2) or advanced (Stage 3+) fi-
brosis based on the first TE result. Univariate association of
advanced fibrosis with clinical and laboratory factors were
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determined by the Mann-Whitney U test for continuous vari-
ables and y? (or Fisher’s exact test when cell numbers were
small) for categorical variables. Binary logistic regression anal-
ysis was used to assess the effect of factors identified as signifi-
cant at the univariate level. Goodness of fit for each multivariate
model was assessed using the Pearson ” test.

To assess change in fibrosis over time, individuals were clas-
sified according to change in fibrosis stage between first and last
TE as either regression (increase by at least 1 fibrosis Stage)
or no regression (no change); participants with fibrosis progres-
sion (n=5) were excluded from this analysis. Clinical and
laboratory factors associated with fibrosis regression were deter-
mined by the Mann-Whitney U test for continuous variables
and x? test (or Fisher’s Exact test when cell numbers were
small) for categorical variables. Potential correlation between
continuous variables was examined using Spearman’s rank cor-
relation. Associations with change in median kPa (difference
between first and last TE result) were also analyzed. Median dif-
ference in fibrosis stage and kPa between the first and last TE
assessment was tested for significance using paired samples
marginal homogeneity test and paired Wilcoxon signed-rank
test, respectively. Statistical analyses were performed using
SPSS 20 (Release 22.0; IBM, Armonk, NY), all tests were 2
tailed, and statistical significance was defined as P <.05.

RESULTS

Study Participants and Clinical Features at Study Entry
Characteristics of the cohort at study entry are displayed in
Table 1. The majority of the cohort was male (95.7%), median
age was 46.5 years, median duration known HIV positive was
16.7 years, and most of the cohort was white (85.7%). Approxi-
mately 30% of the cohort had tested HCV-Ab positive at the
most recent test result, with a median duration known HCV pos-
itive of 13.1 (IQR, 7.4-18.9) years. Eighty percent of those who
were HCV-Ab positive were also HCV-RNA positive (median
HCV RNA log; 5.8 IU/mL; IQR, 3.4-6.3); however, the date
of HCV-RNA test ranged from 8.2 years before to 1.9 years
after the date of TE assessment. Twenty-five percent of the cohort
was HIV-RNA positive (median HIV RNA log; 1.48 copies/mL;
IQR, 1.30-1.70) and 25% was HBV-DNA positive (median HBV
DNA log;o 1.37 IU/mL; IQR, 1.3-2.55). Only 13.3% of the cohort
was both HIV-RNA and HBV-DNA positive at the time of the
first TE (median log;, copies/mL HIV RNA 1.5 [IQR, 1.3-1.7]
and median log;o [U/mL HBV DNA 1.4 [IQR, 1.3-2.6]). Hepa-
titis delta results were available for approximately half the cohort
(57%), and of these only 2 individuals were delta positive. Most
individuals exhibited mild to moderate (<F2) fibrosis (64.3%),
with a median TE of 6.0 kPa (range, 2.8-35.8).

Factors Associated With Advanced Fibrosis at Study Entry
At the time of the first TE (n =70), univariate analysis demon-
strated a statistically significant association between advanced

fibrosis (>F3) at study entry and detectable (>50 copies/mL)
HIV RNA (P =.045), higher ALT (P =<.001), and lower platelet
count (P=.002) (Table 2). Hepatitis C virus Ab positivity
(P =.05) almost reached the level of significance. In the multivar-
iate analysis (MVA), only higher ALT and lower platelets re-
mained significant (Table 3). Because HCV-Ab positive almost
met statistical significance, a model including ALT, platelets,
and HCV Ab was also analyzed. In this model (data not
shown), only ALT and platelets remained statistically significant.

Liver Fibrosis Regression and Change in Kilopascal

Forty-nine individuals had at least 2 TE assessments, with a me-
dian 31.0 (IQR, 17.9-42.7) months between the first and last
assessments. Fibrosis regression by at least 1 stage was observed
in 28.5% of the cohort (Table 4). The majority (61.2%) had no
change in fibrosis stage, and 10.2% (5 individuals) showed fibro-
sis progression by at least 1 stage between TE assessments. One

Table 1. Cohort Demographics at Time of First TE Assessment®

Age, years 46.5 (41.1-52.2)
Sex, n (%)
Male 67 (95.7)
Female 3(4.3)
Known duration HIV positive, years 16.7 (8.4-22.8)
Ethnicity n (%)
Caucasian 60 (85.7)
Asian 4 (5.7)
African 4(5.7)
Hispanic 2(2.9)
CD4 nadir, cells/uL 284 (137-507)
Duration on cART, years 10.7 (3.5-13.5)
Duration on HBV-active cART, years 7.8 (3.3-11.7)
On HBV-active cART, % (n) 91.4 (64)
HIV RNA positive (>50 copies/mL), % 25.4
HIV RNA, logo copies/mL 1.5 (1.3-1.7)
HBV DNA positive, % 25.4
HBV DNA, logo IU/mL 1.4 (1.3-2.6)
HBeAg positive, % 29.2
Most recent HCV Ab test positive, % 28.6
Most recent HCV RNA test positive, % 22.9
CD4 count, cells/uL 381 (187-606)
CD4 count, % 20.5 (14.0-31.3)
ALT, 1U/mL 34 (21-50)
Platelets, per mL 185 (142-232)
1st TE, kPa 6.0 (4.8-10.3)
1st TE, fibrosis stage 2 (1-4)
1st TE fibrosis, stage %
F1 48.6
F2 15.7
F3 7.1
Fa4 28.6
Fibrosis classified as mild-moderate (<F2), n (%) 45 (64.3)

Abbreviations: Ab, antibody; Ag, antigen; ALT, alanine transaminase; cART, combination
antiretroviral therapy; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid;
TE, vibration-controlled transient elastography.

2 All data presented as median (IQR) unless otherwise stated. First TE assessments
performed during the period 2008-2011.
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Table 2. Factors Associated With Advanced Fibrosis (>F3) at Time of First TE Assessment (Univariate Level)

Factor Mild-moderate Fibrosis (<F2) (n = 45) Advanced Fibrosis (>F3) (n = 25)
Continuous variables Median (IQR) Median (IQR) P Value
Duration of cART (years) 12.0 (3.6-13.5) 9.9 (2.3-13.2) .298
Duration of HBV-active cART (years) 11.8 (3.6-13.5) 9.9 (2.3-12.8) .328
Duration known HIV positive 17.9 (8.6-22.8) 15.9 (7.8-22.5) .555
Duration known HCV Ab positive 14.5(9.1-21.2) 11.7 (6.4-18.1) .666
HIV RNA (log1o) 1.30 (1.3-1.7) 1.70 (1.3-2.3) .092
HBV DNA (logqo) 1.30 (1.3-2.6) 2.55 (1.3-2.6) 446
ALT 29.0 (16.0-39.3) 50.0 (30.5-86.5) <.001
Platelets 207.0 (165.5-268.0) 147.0 (99.0-199.5) .002
Categorical variables % %
HIV RNA positive 16.7 40.0 .045
HBV DNA positive 24.4 27.3 1.000
HCV Ab positive 20.5 45.8 .050

Bold value indicates statistically significant result.

Abbreviations: Ab, antibody; ALT, alanine transaminase; cART, combination antiretroviral therapy; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid; TE, vibration-controlled transient elastography.

participant progressed from F2 to F4, whereas the other 4 pro-
gressed from F1 to F2 fibrosis. There was no significant differ-
ence in median time between TE assessments for those with
fibrosis regression, those with no change in fibrosis stage, and
those with fibrosis progression (31.9, 32.1, and 32.9 months, re-
spectively). There was a significant difference in median fibrosis
stage between the first and last TE by related sample analysis
(P=.0027). The median kPa change between assessments was
—0.60 kPa (IQR, —2.85 to +.55), with 65.2% of the longitudinal
cohort showing an overall decrease in kPa. The median annual
rate of change (overall change in kPa/years between TE) was
—0.24 kPa (IQR, —1.02 to +.19). The difference in median
kPa between the first and last TE was statistically significant
(P=.014) by paired sample analysis. The presence of advanced
fibrosis (>F3) decreased from 32.7% to 20.4% of the cohort.

Predictors of Liver Fibrosis Regression

At the univariate level, only higher HBV DNA (P =.049) at the
time of the first TE was significantly associated with subsequent
liver fibrosis regression of at least 1 stage (Table 5). There was no
correlation between level of HBV DNA and duration of HBV-
active cCART (P =.81). Length of time between TE assessments
was not significantly associated with fibrosis regression (P =.79).

Table 3. Multivariate Associations With Advanced Fibrosis (>F3) at Time
of First TE Assessment

Outcome Variable OR Cl P Value
Significant fibrosis ~ ALT 1.038 1.011-1.067 .006
Platelets 0.986 .976-.996 .005

HIV RNA positive ~ 4.442 .877-22.488 .072

Bold value indicates statistically significant result.

Abbreviations: ALT, alanine transaminase; Cl, confidence interval; HIV, human immuno-
deficiency virus; OR, odds ratio; RNA, ribonucleic acid; TE, vibration-controlled transient
elastography.

DISCUSSION

Liver fibrosis in a cohort of HIV-HBV coinfected individuals on
HBV-active cART was assessed using TE, with a subset having a
follow-up TE performed after >12 months. Only one third of
the individuals in this study exhibited advanced (>F3) fibrosis
at the time of the first TE. This may be due to the impact of
long-term ART, because the cohort had been receiving ART
for a median of more than 10 years and HBV active ART for
a median of over 7 years.

We identified higher ALT, lower platelets, and detectable HIV
RNA as factors associated with advanced fibrosis at the

Table 4. Longitudinal TE Assessment (n =49)
Variable 1st TE Last TE
Fibrosis Stage, %
F1 53.1 59.2
F2 14.3 20.4
F3 6.1 4.1
Fa4 26.5 16.3
TE fibrosis stage (median) 1(1-4) 1(1-2)
TE kPA, median (IQR) 5.7 (4.7-9.4) 5.4 (4.4-7.0)
Change in kPa - -0.6 (-2.9+£0.6)
Mild-moderate/advanced fibrosis, % 67.3/32.7 79.6/20.4
Decrease in kPa, % - 63.3
Fibrosis regression by at least 1 stage, - 14 (28.6)
n (%)
Change in F stage, n (%)
Regression 2 stages - 6(12.2)
Regression 1 stage - 8(16.3)
No change - 30 (61.2)
Progression 1 stage - 4(8.2)
Progression 2 stages - 1(2.0)
Time between 1st and last scan - 31.0 (17.9-42.7)

(months)

Abbreviations: IQR, interquartile range; TE, vibration-controlled transient elastography.
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Table 5. Study Entry Predictors of Fibrosis Regression by at Least 1 Stage: Univariate Analysis

Factor Regression (n=14) No Regression® (n = 30) P Value
Continuous factors Median (IQR) Median (IQR)
Duration of cART, years 12.5 (4.6-13.6) 11.9 (4.6-13.4) 533
Duration of HBV-active cART, years 12.5 (4.6-13.6) 10.2 (4.6-13.4) 463
Duration known HIV positive, years 21.5(14.0-24.3) 17.3 (8.3-23.8) 471
Duration known HCV Ab positive, years 413
HIV RNA, logo copies/mL 1.30 (1.30-2.08) 1.30 (1.3-1.7) 1.000
HBV DNA, log;o copies/mL 2.55 (1.30-2.90) 1.30 (1.30-2.55) .049
ALT, 1U/mL 42.0 (21.5-63) 31.0 (17.0-44.3) 195
Platelets, per pyL 190.0 (160.0-307.0) 191.0 (133.3-235.0) .682
Time between 1st and last assessment, months 31.8(19.1-48.9) 32.1 (19.7-40.4) 791
Categorical factors % %
HIV RNA positive 28.6 214 .707
HBV DNA positive 15.4 30.8 .399
HCV Ab positive 233 30.8 .709

Bold text indicates statistically significant result.

Abbreviations: Ab, antibody; ALT, alanine transaminase; cART, combination antiretroviral therapy; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human

immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid.
2 No regression defined as no change in fibrosis stage.

univariate level. Only ALT and platelets remained independent-
ly significant in MVA. Approximately 30% of the total cohort
was HCV-Ab positive at the test closest to the date of the first
TE, and detectable HCV Ab almost reached statistical signifi-
cance with more advanced fibrosis at the univariate level. It
was not statistically significant in a multivariate model with
ALT and platelets. Hepatitis C virus RNA was detectable in
80% of those who were HCV-Ab positive; however, time be-
tween test result dates and TE date varied greatly, so this may
be an overestimate of HCV replication. An association between
ALT and fibrosis has been observed in previous TE studies in
the setting of HBV monoinfection, HIV-HCV coinfection,
and HIV-HBV coinfection [30-32]. Although increased nec-
roinflammatory activity is known to be associated with in-
creased fibrosis progression, high ALT is a known confounder
of TE because acute transient liver inflammation affects the
elasticity of liver tissue [33]. In chronic HBV monoinfection,
it has been observed that acute liver flares (ALT > 10 times
the upper limit of normal [ULN]) increased liver stiffness; how-
ever, this resolved by 6 months to near-normal ALT levels [34].
A similar effect has been noted even with mild to moderate ALT
elevations (2-10 times ULN) in chronic HBV, where a decline
in ALT to normal levels was observed in more than three quar-
ters of the cohort after 6 months of treatment with nucleoside or
nucleotide analogs [35]. Decreased platelets are surrogate mark-
ers of more advanced liver disease, so this association with more
advanced liver fibrosis was not unexpected.

The association of detectable HIV RNA at the first TE with
more advanced liver fibrosis was significant in univariate anal-
ysis but did not remain significant in the multivariate model
with higher ALT and lower platelets. We and others have

previously reported that HIV RNA was associated with ad-
vanced liver fibrosis and fibrosis progression, in HIV-HCV
and HIV-HBYV coinfection [36-38]. However, 2 other studies
have not found HIV RNA associated with fibrosis progression
in HIV-HCV coinfection [39, 40]. Detectable HIV RNA may
also indicate that adherence to ART was less than optimal, al-
though not all those HIV-RNA positive also had detectable
HBV DNA.

In approximately 30% of longitudinal participants, there was
a reduction in liver fibrosis by at least 1 stage over a median
31.0 months and fibrosis progression was uncommon. These re-
sults are higher than those reported in an earlier study, in which
regression was observed in 17% of the cohort over a median 40
months of follow up [26]. The cohort in the earlier study had re-
ceived cART for a shorter duration than our cohort, a smaller pro-
portion were on an HBV-active regimen, and more than 20%
were hepatitis delta antibody positive. In addition, the earlier
study used a set of fibrosis grade cutoffs that was validated in
HBV-monoinfected cohorts, whereas we used cutoffs that have
been validated in HIV-HBV coinfection. In spite of the differenc-
es, the general pattern of response was similar in both studies,
with no change observed in fibrosis stage for majority of patients
and a larger percentage with regression than progression. Higher
HBYV DNA was significantly associated at the univariate level with
subsequent fibrosis regression, which would be expected because
fibrosis is a known outcome of HBV-associated liver disease [41].

This study had a number of limitations. The cohort was ret-
rospective, and demonstration of regression in individuals with
minimal fibrosis at the time of the first TE was not possible. De-
spite this we were still able to demonstrate regression. There
may have been also some survival bias in our study, as often
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occurs in cross-sectional studies given that individuals with ad-
vanced fibrosis may have had reduced survival. Most of the co-
hort was Caucasian and male, thus limiting the extrapolation of
these results to other populations. In addition, different clini-
cians performed the TE measurements, although all were highly
experienced, so we do not believe this was a significant con-
founder. Data on body mass index (BMI), renal function, and
class of ART were not collected, and data on alcohol consump-
tion were not available. These factors could also have affected
liver stiffness. Elevated BMI is associated with higher rates of
invalid TE measurements, particularly when BMI > 30 kg/m?
[42], although we did exclude participants with invalid TE read-
ings. High alcohol intake is known to result in higher rates of
both necroinflammation and fibrosis [43, 44], and decreased
TE measurements have been observed with alcohol abstinence
in the setting of alcoholic liver disease [45]. Finally, no liver bi-
opsies were performed at the time of TE so we cannot validate
these results against biopsy.

CONCLUSIONS

In summary, the majority of individuals with HIV-HBV coinfec-
tion on HBV-active ART in this cohort had mild to moderate fi-
brosis at the time of the first TE. Elevated ALT, reduced platelets,
and higher HIV RNA were associated with advanced liver fibrosis,
and the prevalence of advanced fibrosis (>F3) decreased 12.3%
(from 32.7% to 20.4%) over a median follow up of 31 months.
Approximately 30% of those with >1 TE subsequently showed
liver fibrosis regression, and higher baseline HBV DNA was asso-
ciated with this regression. Although advanced fibrosis is not
common in HIV-HBV coinfected patients on HBV-active cART,
there is evidence of fibrosis regression in these individuals sup-
porting the beneficial effects of long-term cART on liver stiffness.

Acknowledgments

We thank the participants in the study. We acknowledge the invaluable
assistance of the HIV Database Team, Alfred Hospital, in identifying TE
results.

Author contributions. S.R. L., ]. S, G. V. M,, and J. A. participated in
the development of the study protocol. C. R. performed data acquisition
in Sydney. G. V. M. supervised data acquisition in Sydney. J. A. and
C. R. performed the statistical analyses. S. A. performed data acquisition
in Melbourne. J. A. and C. R. performed the original drafting of the
manuscript. S. R. L. and J. S. supervised the analysis and drafting of the
paper. All authors provided comment on the manuscript and approved
the final manuscript.

Financial support. This work was funded by the Alfred Hospital, Mon-
ash University and the National Health and Medical Research Council
(NHMRC), Australia. S. R. L. is a NHMRC Practitioner Fellow.

Potential conflicts of interest. S. R. L.’s institution has received investi-
gator-initiated funding for clinical trials from Merck and Gilead Sciences,
and her institution has received funding from Viiv Healthcare and Gilead
Sciences for her involvement in education activities. G. V. M. has received
research funding from Gilead and MSD, travel support from Bristol-Myers
Squibb and Roche, and funding from AbbVie for consultancy and Advisory
board involvement. J. S. has received funding from Gilead Sciences and Bris-
tol-Myers Squibb for Advisory board involvement, research funding from
Gilead Sciences and AbbVie, and speaker fees from Gilead Sciences and

Bristol-Myers Squibb. All authors have submitted the ICMJE Form for Dis-
closure of Potential Conflicts of Interest. Conflicts that the editors consider
relevant to the content of the manuscript have been disclosed.

References

1. Soriano V, Puoti M, Bonacini M, et al. Care of patients with chronic hepatitis B
and HIV co-infection: reccommendations from an HIV-HBV International Panel.
AIDS 2005; 19:221-40.

2. UNAIDS. Report on the Global AIDS Epidemic: 2008. UNAIDS, Switzerland.
pl6. Available at: http://www.apf.pt/sites/default/files/media/2015/unaids_
2008globalreport_en_1.pdf.

3. Lincoln D, Petoumenos K, Dore G. HIV/HBV and HIV/HCV coinfection, and
outcomes following highly active antiretroviral therapy. HIV Med 2003; 4:241-9.

4. Colin J, Cazals-Hatem D, Loriot M, et al. Influence of human immunodeficiency
virus infection on chronic hepatitis B in homosexual men. Hepatology 1999;
29:1306-10.

5. Brook MG, Gilson R, Wilkins EL. BHIVA guidelines: coinfection with HIV and
chronic hepatitis B virus. HIV Med 2003; 4(suppl 1):42-51.

6. Thio CL, Seaberg EC, Skolasky R Jr, et al. HIV-1, hepatitis B virus, and risk of
liver-related mortality in the Multicenter Cohort Study (MACS). Lancet 2002;
360:1921-6.

7. Australian Society for HIV Medicine. ASHM Antiretroviral Guidelines, update
4 August 2015. Available at: http://arv.ashm.org.au/clinical-guidance. Accessed
28 january 2016.

8. Chun HM, Mesner O, Thio CL, et al. HIV outcomes in hepatitis B virus coinfected
individuals on HAART. ] Acquir Immune Defic Syndr 2014; 66:197-205.

9. Falade-Nwulia O, Seaberg EC, Rinaldo CR, et al. Comparative risk of liver-related
mortality from chronic hepatitis B versus chronic hepatitis C virus infection. Clin
Infect Dis 2012; 55:507-13.

10. Weber R, Ruppik M, Rickenbach M, et al. Decreasing mortality and changing pat-
terns of causes of death in the Swiss HIV Cohort Study. HIV Med 2013; 14:195-207.

11. Hoffmann CJ, Seaberg EC, Young S, et al. Hepatitis B and long-term HIV out-
comes in coinfected HAART recipients. AIDS 2009; 23:1881-9.

12. de Ledinghen V, Douvin C, Kettaneh A, et al. Diagnosis of hepatic fibrosis and
cirrhosis by transient elastography in HIV/hepatitis C virus-coinfected patients.
J Acquir Immune Defic Syndr 2006; 41:175-9.

13. Macias J, Recio E, Vispo E, et al. Application of transient elastometry to differen-
tiate mild from moderate to severe liver fibrosis in HIV/HCV co-infected patients.
] Hepatol 2008; 49:916-22.

14. Sanchez-Conde M, Montes-Ramirez ML, Miralles P, et al. Comparison of transient
elastography and liver biopsy for the assessment of liver fibrosis in HIV/hepatitis C
virus-coinfected patients and correlation with noninvasive serum markers. J Viral
Hepat 2010; 17:280-6.

15. Vergara S, Macias J, Rivero A, et al. The use of transient elastometry for assessing
liver fibrosis in patients with HIV and hepatitis C virus coinfection. Clin Infect Dis
2007; 45:969-74.

16. Marcellin P, Ziol M, Bedossa P, et al. Non-invasive assessment of liver fibrosis by
stiffness measurement in patients with chronic hepatitis B. Liver Int 2009;
29:242-7.

17. Morse CG, McLaughlin M, Proschan M, et al. Transient elastography for the de-
tection of hepatic fibrosis in HIV-monoinfected adults with elevated aminotrans-
ferases on antiretroviral therapy. AIDS 2015; 29:2297-302.

18. Miailhes P, Pradat P, Chevallier M, et al. Proficiency of transient elastography
compared to liver biopsy for the assessment of fibrosis in HIV/HBV-coinfected
patients. J Viral Hepat 2011; 18:61-9.

19. Lacombe K, Bottero J, Lemoine M, et al. HIV/hepatitis B virus co-infection: cur-
rent challenges and new strategies. ] Antimicrob Chemother 2010; 65:10-7.

20. Dienstag JL, Goldin RD, Heathcote EJ, et al. Histological outcome during long-
term lamivudine therapy. Gastroenterology 2003; 124:105-17.

21. Marcellin P, Chang TT, Lim SG, et al. Long-term efficacy and safety of adefovir
dipivoxil for the treatment of hepatitis B e antigen-positive chronic hepatitis B.
Hepatology 2008; 48:750-8.

22. Piroth L, Pol S, Lacombe K, et al. Management and treatment of chronic hepatitis
B virus infection in HIV positive and negative patients: the EPIB 2008 study.
] Hepatol 2010; 53:1006-12.

23. Yuen MF, Chow DH, Tsui K, et al. Liver histology of Asian patients with chronic
hepatitis B on prolonged lamivudine therapy. Aliment Pharmacol Ther 2005;
21:841-9.

24. Andersen ES, Weiland O, Leutscher P, et al. Low liver stiffness among cirrhotic
patients with hepatitis B after prolonged treatment with nucleoside analogs.
Scand ] Gastroenterol 2011; 46:760-6.

25. Osakabe K, Ichino N, Nishikawa T, et al. Reduction of liver stiffness by antiviral
therapy in chronic hepatitis B. ] Gastroenterol 2011; 46:1324-34.

6 o OFID e Audsley et al


http://www.apf.pt/sites/default/files/media/2015/unaids_2008globalreport_en_1.pdf
http://www.apf.pt/sites/default/files/media/2015/unaids_2008globalreport_en_1.pdf
http://arv.ashm.org.au/clinical-guidance
http://arv.ashm.org.au/clinical-guidance

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Martin-Carbonero L, Teixeira T, Poveda E, et al. Clinical and virological outcomes
in HIV-infected patients with chronic hepatitis B on long-term nucleos(t)ide an-
alogues. AIDS 2011; 25:73-9.

Stockdale AJ, Phillips RO, Beloukas A, et al. Liver fibrosis by transient elastogra-
phy and virologic outcomes after introduction of tenofovir in lamivudine-
experienced adults with HIV and hepatitis B virus coinfection in Ghana. Clin
Infect Dis 2015; 61:883-91.

Boyd A, Lacombe K. More long-term assessment of transient elastography is need-
ed for HIV/hepatitis B virus-coinfected patients undergoing treatment with teno-
fovir. Clin Infect Dis 2016; 62:128-30.

Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis.
Hepatology 1996; 24:289-93.

Chan HL, Wong GL, Choi PC, et al. Alanine aminotransferase-based algorithms of
liver stiffness measurement by transient elastography (Fibroscan) for liver fibrosis
in chronic hepatitis B. ] Viral Hepat 2009; 16:36-44.

Maida I, Soriano V, Castellares C, et al. Liver fibrosis in HIV-infected patients with
chronic hepatitis B extensively exposed to antiretroviral therapy with anti-HBV
activity. HIV Clin Trials 2006; 7:246-50.

Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive
index to predict significant fibrosis in patients with HIV/HCV coinfection. Hep-
atology 2006; 43:1317-25.

Tapper EB, Cohen EB, Patel K, et al. Levels of alanine aminotransferase confound
use of transient elastography to diagnose fibrosis in patients with chronic hepatitis
C virus infection. Clin Gastroenterol Hepatol 2012; 10:932-7.el.

Fung J, Lai CL, But D, et al. Reduction of liver stiffness following resolution of
acute flares of chronic hepatitis B. Hepatol Int 2010; 4:716-22.

Yan LB, Zhu X, Bai L, et al. Impact of mild to moderate elevations of alanine ami-
notransferase on liver stiffness measurement in chronic hepatitis B patients during
antiviral therapy. Hepatol Res 2013; 43:185-91.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Al-Mohri H, Murphy T, Lu Y, et al. Evaluating liver fibrosis progression and the
impact of antiretroviral therapy in HIV and hepatitis C coinfection using a non-
invasive marker. ] Acquir Immune Defic Syndr 2007; 44:463-9.

Audsley J, du Cros P, Goodman Z, et al. HIV replication is associated with in-
creased severity of liver biopsy changes in HIV-HBV and HIV-HCV co-infection.
J Med Virol 2012; 84:993-1001.

Cooper C, Rollet-Kurhajec K, Young J, et al. HIV virological rebounds but not
blips predict liver fibrosis progression in antiretroviral-treated HIV/hepatitis C
virus-coinfected patients. HIV Med 2016; 16:24-31.

Loko MA, Bani-Sadr F, Valantin MA, et al. Antiretroviral therapy and sustained
virological response to HCV therapy are associated with slower liver fibrosis pro-
gression in HIV-HCV-coinfected patients: study from the ANRS CO 13 HEPA-
VIH cohort. Antivir Ther 2012; 17:1335-43.

Sanmartin R, Tor J, Sanvisens A, et al. Progression of liver fibrosis in HIV/hepatitis
C virus-coinfected individuals on antiretroviral therapy with early stages of liver
fibrosis at baseline. HIV Med 2014; 15:203-12.

Ellis EL, Mann DA. Clinical evidence for the regression of liver fibrosis. ] Hepatol
2012; 56:1171-80.

de Ledinghen V, Wong VW, Vergniol J, et al. Diagnosis of liver fibrosis and cir-
rhosis using liver stiffness measurement: comparison between M and XL probe of
FibroScan(R). ] Hepatol 2012; 56:833-9.

Gitto S, Micco L, Conti F, et al. Alcohol and viral hepatitis: a mini-review. Dig Liver
Dis 2009; 41:67-70.

Missiha SB, Ostrowski M, Heathcote EJ. Disease progression in chronic
hepatitis C: modifiable and nonmodifiable factors. Gastroenterology 2008;
134:1699-714.

Bardou-Jacquet E, Legros L, Soro D, et al. Effect of alcohol consumption on liver
stiffness measured by transient elastography. World ] Gastroenterol 2013;
19:516-22.

Liver Fibrosis Regression Measured by Transient Elastography ¢ OFID e 7




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


