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Background. The development of efficacious combination antiretroviral therapy (cART) has led to a dramatic decrease in mor-
tality in HIV-positive patients. Specific data on the impact in HIV/hepatitis B virus (HBV)-coinfected patients are lacking. In this
study, all-cause and cause-specific mortality risks stratified per era of diagnosis are investigated.

Methods. Data were analyzed from HIV/HBV-coinfected patients enrolled in the ATHENA cohort between January 1, 1998,
and December 31, 2017. Risk for (cause-specific) mortality was calculated using Cox proportional hazard regression analysis, com-
paring patients diagnosed before 2003 with those diagnosed >2003. Risk factors for all-cause and liver-related mortality were also
assessed using Cox proportional hazard regression analysis.

Results. A total of 1301 HIV/HBV-coinfected patients were included (14 882 person-years of follow-up). One-hundred ninety-
eight patients (15%) died during follow-up. The adjusted hazard ratio (aHR) for all-cause mortality in patients diagnosed in or after
2003 was 0.50 (95% CI, 0.35-0.72) relative to patients diagnosed before 2003. Similar risk reduction was observed for liver-related
(aHR, 0.29; 95% CI, 0.11-0.75) and AIDS-related mortality (aHR, 0.44; 95% CI, 0.22-0.87). Use of a tenofovir-containing regimen
was independently associated with a reduced risk of all-cause and liver-related mortality. Prior exposure to didanosine/stavudine
was strongly associated with liver-related mortality. Ten percent of the population used only lamivudine as treatment for HBV.

Conclusions.  All-cause, liver-related, and AIDS-related mortality risk in HIV/HBV-coinfected patients has markedly decreased
over the years, coinciding with the introduction of tenofovir. Tenofovir-containing regimens, in absence of major contraindications,

should be strongly encouraged in this population.
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Approximately 38 million people are currently living with HIV
worldwide [1], with hepatitis B virus (HBV) being a common
coinfection in this population; an estimated 5%-20% of HIV-
positive patients are coinfected with HBV, but these estimates
vary between risk groups and geographical regions—with the
highest prevalence in Sub-Saharan Africa and Asia [2]. In the
Netherlands, 6% of all HIV-positive patients registered in the

Received 21 April 2020; editorial decision 23 May 2020; accepted 5 June 2020.

Correspondence: B. J. van Welzen, MD, Department of Internal Medicine and Infectious
Diseases, University Medical Center Utrecht, Huispostnummer F.02.126, P.O. Box 85500, 3508
GA Utrecht (b.j.vanwelzen@umcutrecht.nl).

Open Forum Infectious Diseases®

© The Author(s) 2020. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DQI: 10.1093/0fid/ofaa226

AIDS Therapy Evaluation in the Netherlands (ATHENA) obser-
vational cohort have ever tested positive for hepatitis B surface
antigen (HBsAg) [3]. Data from the era during which effective
anti-HBV therapy was not widely available show that patients
with HIV/HBV coinfection display faster progression toward
end-stage liver disease (ESLD) and have higher (liver-related)
mortality rates compared with patients with either an HBV or
HIV monoinfection [4]. A more recent study demonstrated that
in the current antiretroviral era, coinfected subjects had no in-
creased risk for ESLD compared with HBV-monoinfected pa-
tients, but their risk for all-cause and liver-related mortality was
still significantly higher [5].

Lamivudine (3TC) became available in the mid-90s, and
due to its dual activity against HIV and HBYV, it was an ideal
therapeutic option for HIV/HBV coinfection [6]. Nevertheless,
viral resistance rapidly emerged with the use of this agent [7].
In 2003, tenofovir disoproxil fumarate (TDF) was introduced—
also with potent dual efficacy, but with a higher genetic barrier
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to resistance [8]. Therefore, current guidelines recommend the
use of a tenofovir plus either a lamivudine- or emtricitabine-
containing regimen as preferential treatment in HIV/HBV-
coinfected patients [9].

Earlier studies showed that the introduction of combina-
tion antiretroviral therapy (cART) led to a dramatic decrease
in all-cause mortality in the general HIV-positive population
[10]. Data focusing on changes in mortality among HIV/HBV-
coinfected patients, particularly as more potent anti-HBV
agents became available, are sparse. Considering the high prev-
alence and potential burden of liver-related disease, such data
are of major interest. The main objective of this study was to
describe mortality risk for HIV/HBV-coinfected patients strati-
fied by calendar periods of HIV diagnosis in relation to changes
in HIV/HBV treatment including the introduction of tenofovir
and the declining use of more toxic antiretroviral drugs.
Furthermore, we aimed to identify risk factors for all-cause and
liver-related mortality in this specific population.

METHODS

Study Population

We performed a longitudinal analysis among HIV/HBV-
coinfected patients from the ATHENA observational cohort,
which was initiated in 1998. Data are collected by the HIV
Monitoring Foundation and cover 98% of all patients with a
confirmed HIV infection in care in the Netherlands. Medical
history and data before 1998 were collected retrospectively.
The structure of the cohort and procedures are described
elsewhere [11]. All patients aged >18 years with HIV/HBV
coinfection in care between January 1, 1998, and December
31, 2017, were included in the analysis. HBV infection was
defined by 2 consecutive HBsAg-positive and/or HBV DNA
detectable results during a period of >6 months. Patients with
evidence of hepatitis C virus (HCV) infection (ie, a positive
HCV RNA polymerase chain reaction [PCR]) were excluded
from analysis.

Collected Variables

Patients’ demographic, clinical, and laboratory data were
collected during follow-up. Laboratory data included HIV
RNA viral load, HBV DNA viral load, CD4" cell count, and
alanine aminotransferase (ALT) levels. Laboratory data
were retrieved time-updated per year. If multiple results
were available during the yearly interval, the last available
measurement was used. If CD4" cell count and/or ALT was
missing in a certain year, the last available observation was
carried forward. Until April 2012, ALT levels were only col-
lected if >3 times the upper limit of normal (ULN), and
thus all missing ALT levels before this date were assumed to
be <3x ULN. Due to varying levels of assay detection thresh-
olds over the study period, undetectable HIV-RNA was de-
fined as <400 copies/mL.

Treatment Data and Treatment Periods

Treatment data included past and current use of antiretroviral
agents, based on information provided by the patients’ treating
physicians in their medical record. We focused on the use of
nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs)
with activity against both HIV and HBV: tenofovir (either
disoproxil fumarate or alafenamide; TDF/TAF) and 3TC. The
use of the NRTTs stavudine (d4T) and didanosine (ddI) was also
evaluated considering their hepatotoxic potential [12].

We defined 2 periods of HIV diagnosis calendar time based
on both effectiveness of cART regimens and availability of po-
tent anti-HBV treatment: diagnosis before 2003 (when cART
was more readily available with only 3TC) and between 2003
and 2017 (with frequent use of more modern antiretroviral re-
gimens and availability of tenofovir). In subsequent analysis,
we further stratified the period 2003-2017: between 2003 and
2007—with less frequent use of TDF—and between 2008 and
2017—with the advent of integrase strand inhibitors (INSTIs)
as recommended first-line backbone therapy and widespread
TDF/TAF use in the Netherlands [13, 14].

End Points

The primary end point in this study was mortality. The data
were obtained from the ATHENA cohort database, which
used the Cause of Death (CoDe) protocol to classify causes of
death [15]. Causes of death were categorized into liver-related,
AIDS-related, non-AIDS malignancy, cardiovascular disease
(CVD), non-natural, unknown, or other. In addition, we as-
sessed the occurrence of severe chronic liver disease (SCLD).
In the ATHENA cohort, SCLD was categorized as either pre-
sumptive or definitive. In case of documented evidence of
variceal bleeding, hepatic encephalopathy, hepatorenal syn-
drome, and/or portal hypertension or cirrhosis by radiography
or endoscopy, the patient was considered to have presump-
tive SCLD. If the abovementioned conditions were present in
combination with histological evidence of severe chronic liver
disease (histopathological Metavir score F3-F4) or a transient
elastography >8 kPa, patients were considered to have defini-
tive SCLD.

Statistical Analyses
All statistical analyses were performed using SAS, version 9.4
(SAS Institute Inc., Cary, NC, USA). All reported P values were
2-sided, and P < .05 was considered to be statistically significant.
Follow-up began at the time patients first entered HIV
care and consented to be enrolled into the ATHENA cohort
[11]. As identification of HBV coinfection could be biased
through failure to test for HBsAg, particularly in the earlier
years of the ATHENA cohort, we decided to define the be-
ginning of follow-up based on HIV diagnosis. Patients diag-
nosed with HIV before the start of the ATHENA cohort were
left-censored on January 1, 1998. Follow-up continued until
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the date of death, date last seen if lost to follow-up (with-
drawn from care for >1 year), date of moving abroad, or
December 31, 2017, whichever occurred first. As HBsAg
seroclearance was not systematically assessed across the en-
tire study population, we decided not to censor after HBsAg
loss. The cumulative incidence rates of progression to all-
cause mortality were modeled across calendar periods using
Cox proportional hazards regression. Hazards ratios (HRs)
and their 95% confidence intervals (CIs) were estimated with
HIV diagnosis <2003 as the reference group. The cumulative
incidence rates of progression to the different causes of death
were also modeled across calendar periods with proportional
hazards regression, while taking into account competing risk
of other causes of death using the method by Fine and Gray
[16]. To account for patient differences across periods, HRs
were adjusted by age at inclusion, mode of HIV transmission,
and region of origin. Gender was not included in the adjust-
ment due to its overlap with other demographic variables. In
order to identify risk factors for all-cause and liver-related
mortality, we used the proportional hazards models above
to estimate differences in cumulative incidence between
levels of risk factors. Variables with an associated P value <.2
in univariable analysis were included in the multivariable
model without further selection. For this risk factor anal-
ysis, we included treatment variables that directly reflected
certain calendar periods; hence these periods were not con-
sidered independent variables.

RESULTS

Study Population Characteristics

In the period ranging from January 1, 1998, until December 31,
2017, a total of 24 413 adult HIV-positive individuals were in
care and registered in the ATHENA cohort. Of these, 1398 pa-
tients met the definition for chronic HBV infection; after ex-
cluding 97 patients with an HCV coinfection, we included 1301
individuals in our analysis. The vast majority were male, with
the most common HIV/HBV transmission risk group being
men who have sex with men (MSM) (Table 1). Description of
the cohort at specific time points is also summarized in Table 1,
showing that the cohort was aging and that there was a shift in
cART composition.

Median follow-up (interquartile range [IQR]) was 11 (6-17)
years, totaling 14882 person-years of follow-up—including
12577 years of follow-up on antiretroviral treatment. The
majority of the study population entered the cohort during
1998-2005, with a remarkable decline in new cases thereafter
(Figure 1). The large number of individuals entering in 1998
was mostly due to left truncation. In 2017, no newly HBV-
diagnosed patients entered the study cohort. Over the entire
study period, 86 patients (7%) were lost to follow-up, and 85
patients (7%) moved abroad.

Antiretroviral Therapy and Efficacy

Over time, an increasing proportion of patients used antiretro-
viral therapy (ART), 76% on January 1, 2003, compared with
almost everyone (98.8%) on December 31, 2017. Four hundred
fifty-five patients (35%) did not start antiretroviral therapy in
the first year they entered the cohort. Besides these patients,
an additional 206 patients (16%) interrupted cART at some
point during follow-up. In general, virological and immuno-
logical response was excellent at the end of follow-up, with
96% of the patients having a HIV viral load <400 copies/mL
and a median CD4 cell count (IQR) of 630 (440-820) cells/
mm’. Over time, 1095 patients (84%) were exposed to a TDF/
TAF-containing regimen, accounting for 8233 person-years
of tenofovir exposure. On December 31, 2017, 905 of the 931
patients (97%) remaining in follow-up were using drugs with
activity against HBV (Figure 2). Most of them (n = 766, 83%)
were on a TDF/TAF-containing regimen, and 16 (1%) patients
were on entecavir. One-hundred twenty-three patients (10%)
were using only lamivudine as the HBV-active component of
their ART regimen. Of these patients, 62 (50%) were switched
to dolutegravir/abacavir/lamivudine when this single-tablet
regimen became available. Twenty-six patients did not use any
anti-HBV therapy, 12 of whom displayed HBsAg seroclearance
(ie, loss of HBsAg, not necessarily with acquisition of anti-
HBsAg antibodies) during follow-up. HBV DNA monitoring
was infrequent in our cohort, with only 210 (16%) patients
having an HBV DNA viral load measurement in their last year
of follow-up. The lack of monitoring was not only observed
among patients using highly effective agents, such as TDF/TAF
or entecavir, but also among those using 3TC as a single anti-
HBV agent. Of the 123 patients with only 3TC for HBV treat-
ment on December 31, 2017, 19 (15%) had an available HBV
DNA viral load during the last year of follow-up. Of these 19
patients, 12 (63%) had an HBV DNA level <40 copies/mL.

Trends in Mortality Risk

A total of 198 patients (15%) died during follow-up—with
the most common causes of death being AIDS-related (24%),
liver-related (19%), and non-AIDS-related malignancies (19%)
(Table 2). As shown in Table 2, patients diagnosed after 2002
were significantly less likely to die from any cause compared
with those diagnosed before 2003 (adjusted HR [aHR], 0.50;
95% CI, 0.35-0.72), with similar effect sizes for the periods
2003-2007 (aHR, 0.53; 95% CI, 0.35-0.80) and 2008-2017
(aHR, 0.46; 95% CI, 0.26-0.81). A similar reduced risk after
2002 was observed with respect to liver-related mortality (aHR,
0.29; 95% CI, 0.11-0.75) and AIDS-related mortality (aHR,
0.44; 95% CI, 0.22-0.87) but not for the other causes of death.
We observed decreasing trends in mortality for the 2003-2007
and 2008-2017 subcategories with respect to liver-related,
AIDS-related, and non-AIDS-related malignancy death, but
these results did not reach statistical significance.
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Table 1. Characteristics of Study Participants

Characteristics at Cohort Entry & Death

Characteristics at Follow-up Dates

31st of December

Cohort Entry Death 1st of January 2003 1st of January 2008 2017
No. of patients 1301 (100) 198 (100) 425 (100) 676 (100) 931 (100)
Men 1125 (86.5) 178 (89.9) 370 (87.1) 583 (86.2) 812 (87.2)
Age, median (IQR), y 36.6 (30.8-43.7) 50.0 (43.1-58.3) 38.8 (33.7-44.0) 42.1 (36.5-47.5) 49.8 (43.0-55.4)
° <40 825 (63.4) 35 (17.7) 242 (56.9) 271 (40.1) 171 (18.4)
® 40-49 332 (25.6) 64 (32.3) 135 (31.8) 278 (41.1) 300 (32.2)
® 50-59 111 (8.5) 56 (28.3) 2 (9.9) 104 (15.4) 323 (34.7)
° >60 2 (2.5) 43 (21.7) 6 (1.4) 23 (3.4) 137 (14.7)
HIV transmission route
e MSM 810 (62.2) 117 (59.1) 294 (69.2) 453 (67.0) 623 (66. 9)
* Heterosexual 383 (29.4) 39 (19.7) 112 (26.4) 190 (28.1) 259 (27.8
e VD users 26 (2.0) 16 (8.1) 5(1.2) 7 (1.0 8 (0. )
e Other 82 (6.3) 26 (13.1) 14 (3.3) 26 (3.8) 41 (4.4
Region of origin
e Europe 762 (58.6) 141 (71.2) 274 (64.0) 409 (60.5) 568 (61.0)
o Sub-Saharan Africa 315 (24.2) 30 (15.2) 82 (19.3) 147 (21.7) 198 (21.3)
e Caribbean 4 (4.2) 4(2.0) 21 (4.9) 35(5.2) 43 (4.6)
® Asian 63 (4.9) 6 (3.0) 18 (4.2) 31 (4.6) 49 (56.3)
e Other 106 (8.1) 17 (8.6) 32 (75) 54 (8.0) 73 (78)
HIV diagnosis era
® <1998 401 (30.8) 118 (59.6) 243 (57.2) 243 (35.9) 243 (26.1)
® 1998-2002 261 (20.1) 37 (18.7) 182 (42.8) 182 (26.9) 182 (19.5)
* 2003-2007 332 (25.6) 29 (14.6) N/A 251 (37.1) 251 (270)
® 2008-2017 307 (23.6) 14.(7.1) N/A N/A 255 (27.4)
CD4* cell count, median (IQR), cells/mm?® 310 (150-506) 250 (110-490) 470 (300-641) 480 (340-650) 630 (440-820)
* <200 cells/mm?® 408 (31.6) 76 (38.3) 63 (14.8) 57 (8.4) 34 (3.6)
HIV viral load
¢ Detectable (=400 copies/mL) 973 (74.8) 69 (34.8) 162 (38.1) 207 (30.6) 48 (5.2)
¢ Undetectable (<400 copies/mL) 327 (25.2) 129 (65.2) 263 (61.9) 469 (69.4) 883 (94.8)
ALT level
<3.0x ULN? 1124 (86.4) 178 (89.9) 393 (92.5) 631 (93.3) 912 (98.0)
>3.0x ULN 177 (13.6) 20 (10.1) 32 (7.5) 45 (6.7) 19 (2.0)
History of dd|/d4T exposure 88 (44.4) 159 (37.4) 172 (25.4) 177 (19.0)
e Median use (IQR), y 3(1-5) 3 (2-5) 4 (2-6) 4 (2-6.5)
e Cumulative use, y 320 515 744 820
Previous treatment with mono- or dual therapy 77 (38.9) 126 (29.6) 134 (19.8) 140 (15.0)
Ever TDF/TAF exposure 115 (57.5) 63 (14.8) 425 (62.9) 866 (93.0)
® Median use (IQR), y 1(0-4) 0 (0-0) 1(0-4) 8 (5-11)
e Cumulative use, y 497 81 1352 7250
Time between HBV diagnosis and start TDF/TAF, 6 (0.5-10) 2 (0-6) 2.5 (0-7) 2 (0-6)
median (IQR), y
Ever exposure to other drugs with anti-HBV ac-
E'VL';VmNU dine 145 (73.2) 313 (73.6) 456 (675) 536 (576)
o Emtricitabine 60 (30.3) 1(0.2) 11 (16.4) 782 (84 O)
o Entecavir 4 (2.0) 24 (15.6) 33(4.9) 47 (5.
o Telbivudine 2 (1.0 2 (0.5) 2(0.3) 4 (0. )
Current ART use
* None 73 (36.8) 104 (24.5) 144 (21.3) 1(1.2)
e Mono- or dual therapy 10 (5.0) 16 (3.7) 8(1.1) 25 (2.8)
* NNRTI-based cART 44 (22.2) 169 (39.7) 299 (44.2) 367 (39.4)
® Protease inhibitor-based cART 43 (21.7) 102 (24.0) 180 (26.6) 173 (25.7)
e |ntegrase strand inhibitor-based cART 6 (3.0) N/A N/A 285 (30.6)
e Other 22 (11.1) 4 (8.0) 45 (6.7) 70 (7.5)

Data are No. (%) unless otherwise specified.

Abbreviations: ALT, alanine aminotransferase; ART, antiretroviral therapy; cART, combination antiretroviral therapy; d4T, stavudine; ddl, didanosine; HBV, hepatitis B virus; IQR, interquartile
range; IVD, intravenous drugs; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; TAF, tenofovir alafenamide fumarate; TDF, tenofovir disoproxil

fumarate; ULN, upper limit of normal (35 IU/L).

Risk Factors for Mortality

Lower age at baseline, being of non-European origin, de-
ferral or interruption of antiretroviral therapy, having ALT
levels <3.0x ULN, and higher time-updated CD4" cell counts,

as well as time-updated use of a TDF/TAF-containing regimen,

were independently associated with a lower risk of all-cause
mortality (Table 3). Patients using TDF/TAF had a signifi-
cantly lower risk for all-cause mortality, with an aHR of 0.47
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Figure. 1.

Bar graph displaying the number of patients entering the cohort over the time of follow-up per two years.

(95% CI, 0.34-0.64) when compared with those who did not
receive TDF/TAF treatment. Factors associated with all-cause
mortality also applied for liver-related mortality, with the ex-
ception of non-European origin and deferral or interruption of
antiretroviral therapy. Cumulative exposure to d4T and/or ddI
was strongly associated with liver-related mortality (aHR per
additional year of exposure, 1.15; 95% CI, 1.02-1.29). The all-
time risk for liver-related mortality among patients who were
exposed to ddI/d4T was 7.4% vs 1.6% in patients who never
used these agents (P < .001).
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Figure. 2. Graph bar displaying the proportion of HIV/HBV co-infected patients
using drugs with activity against HBV (eg, tenofovir disoproxil fumarate (TDF),
tenofovir alafenamide (TAF), lamivudine, entecavir, telbivudine, adefovir). The
shaded area represents the proportion of patients using either TDF or TAF. The
date of assessment was on 1 January 1998, 1 January 2003, 1 January 2008 and
31 December 2017.

Liver-Related Morbidity

Of the 1301 patients included in the cohort, 325 (25%) were
classified as having SCLD, 61 (5%) with a definitive diagnosis
and 264 (20%) with a presumptive diagnosis. The majority of
the cases of definitive SCLD were established after 2003 (79% of
the total), with the highest number of incident definitive SCLD
in 2015 (n = 10). Of the 61 patients with definitive SCLD, 41
(67%) were still alive at the end of the study period. During fol-
low-up, there were 17 cases (1%) of hepatocellular carcinoma—
with the first case diagnosed in 2003 and the last in 2013. One
patient in our cohort underwent a liver transplantation as a re-
sult of ESLD.

DISCUSSION

This is one of the first studies evaluating trends in risk of mor-
tality in HIV/HBV-coinfected individuals during the cART era.
We build on previous studies in the general HIV-positive pop-
ulation by assessing exclusively an HIV/HBV-coinfected popu-
lation with extensive follow-up of up to 20 years. In this study,
we found a marked decrease in risk of all-cause, AIDS-related,
and liver-related mortality among patients diagnosed after 2002
compared with those diagnosed in earlier years. These findings
are likely the result of a shift from moderately effective and po-
tentially toxic antiviral therapy with limited anti-HBV activity
toward highly potent and much less toxic antiretroviral drugs
including agents with potent activity against HBV.

Several large cohort studies have established declining mor-
tality rates in patients living or diagnosed with HIV during
the modern cART era compared with earlier calendar periods.
For example, the D:A:D Study Group showed a steep decline
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Table 2. Unadjusted and Adjusted Hazard Ratios of Underlying Cause of Death per Time Era of HIV Diagnosis

<2003 (Reference)

Two-Period Analysis

Three-Period Analysis

>2003

2003-2007

2008-2018

All-cause (n = 198)

* Nonadjusted 1.0

o Adjusted® 1.0
Liverrelated (n = 38)

¢ Nonadjusted 1.0

o Adjusted® 1.0
AlIDS-related (n = 48)

* Nonadjusted 1.0

o Adjusted® 1.0
Non-AlIDS-defining malignancy (n = 38)

¢ Nonadjusted 1.0

o Adjusted® 1.0
Cardiovascular disease (n = 16)

¢ Nonadjusted 1.0

o Adjusted® 1.0
Non-natural (n = 10)

* Nonadjusted 1.0

o Adjusted® 1.0
Unknown (n = 18)

e Nonadjusted 1.0

eAdjusted” 1.0
Other (n =30)

e Nonadjusted 1.0

o Adjusted® 1.0

0.55 (0.38-0.78)
0.50 (0.35-0.72)

0.30(0.13-0.78)
0.29 (0.11-0.75)

0.48 (0.24-0.95)
0.44 (0.22-0.87)

0.95 (0.45-2.00)
0.78 (0.36-1.68)

0.44 (0.12-1.62)
0.35 (0.09-1.32)

0.84 (0.20-3.49)
0.90 (0.21-3.74)

0.40 (0.11-1.42)
0.33 (0.09-1.21)

0.65 (0.24-1.71)
0.72 (0.27-1.94)

0.53 (0.35-0.79)
0.53 (0.35-0.80)

0.33(0.11-0.94)
0.34 (0.12-0.97)

0.52 (0.24-1.12)
0.49 (0.22-1.06)

0.90 (0.40-2.07)
0.85 (0.37-1.95)

0.67 (0.18-2.48)
0.66 (0.18-2.47)

0.40 (0.05-3.37)
0.44(0.05-3.72)

0.38 (0.08-1.70)
0.34 (0.08-1.56)

0.32 (0.07-1.43)
0.39 (0.09-1.76)

0.60 (0.34-1.05)
0.46 (0.26-0.81)

0.21(0.03-1.61)
0.17 (0.02-1.33)

0.39 (0.12-1.30)
0.33(0.10-1.12)

1.09 (0.31-3.86)
0.61(0.17-2.24)

b
b

2.27 (0.57-13.86)
2.19 (0.36-13.40)

0.43 (0.05-3.561)
0.30 (0.04-2.52)

1.41(0.43-4.60)
1.34 (0.40-4.55)

?Adjusted for demographic factors (baseline age, HIV transmission route, and region of origin).
PEstimates could not be calculated.

in mortality rates over the past decade for almost all under-
lying causes of death, with the exception of non-AIDS ma-
lignancy [10]. Although 11% of almost 50000 HIV-positive
individuals included in this study had HIV/HBV coinfection,
no analysis of mortality rates in this subgroup of patients was

reported. In another study conducted in HIV/HBV-coinfected
patients, Klein et al. [17] failed to demonstrate a significant
decline in ESLD-adjusted incidence rate ratios in the “late
cART era” (2006-2010) compared with the “early cART era”
(1996-2000). This may have been the result of a relatively short

Table 3. Adjusted Hazard Ratios for the Composite End Point of All-Cause Mortality and Liver-Related Mortality

All-Cause Mortality, HR (95% Cl), PValue

LiverRelated Mortality, HR (95% Cl), PValue

Age at baseline (per 5-y increase) 1.36 (1.26-1.47), <.001

HIV transmission route
o MSM 1.0
e Other (male) 1.42 (1.01-1.98), .048
e Other (female) 0.94 (0.55-1.62), .942

Region of origin

e European 1.0

e Other 0.66 (0.46-0.95), .024
ALT (category)®

e <3x ULN 1.0

e >3x ULN 2.38(1.48-3.82), <.001

CD4* count square root (per unit increase)® 0.88 (0.86-0.90), <.001

Use of TAF/TDF®

* No 1.0

*Yes 0.47 (0.34-0.64), <.001
Cumulative ddI/d4T use (per 1-y increase)® 1.05 (0.98-1.11), .16
Deferral or interruption of antiretroviral therapy®

* No 1.0

® Yes 1.98 (1.44-2.73), <.001

1.26 (1.06-1.51), .01

1.0
0.91 (0.38-2.18), .837
0.95 (0.27-3.33), .932

1.0
0.563 (0.21-1.32), .173

1.0
4.00 (1.62-9.89), .003

0.87 (0.82-0.92), <.001

1.0
0.44 (0.22-0.88), .020

1.15 (1.02-1.29), .025

1.0
1.91 (0.57-2.48), .640

Adjusted for baseline age, transmission route, region of origin, time-updated CD4" cell count, time-updated ALT levels, time-updated use of TDF/TAF, time-updated cumulative dd|/d4T use,

and ever deferment or interruption of antiretroviral therapy.

Abbreviations: ALT, alanine aminotransferase; Cl, confidence interval; d4T, stavudine; ddl, didanosine; HR, hazard ratio; MSM, men who have sex with men; TAF, tenofovir alafenamide; TDF,

tenofovir disoproxil fumarate; ULN, upper limit of normal (35 IU/L).
*Time-updated variables.
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median follow-up time of 2.9 years and low uptake of anti-HBV
treatment in the late cART era (only 65% of the HIV/HBV-
coinfected patients received tenofovir-containing cART). With
a much longer follow-up and increased uptake of TDF/TAF-
containing regimens in the ATHENA cohort, we were able
to establish that the use of tenofovir was one of the strongest
factors associated with a decrease in both all-cause and liver-
related mortality. It was remarkable that the mortality risk for
the separate calendar periods 2003-2007 and 2008-2017 was
not significantly reduced compared with patients diagnosed
in the pretenofovir era; this was probably the result of a lack
of power leading to wide confidence intervals. Our findings
are in line with numerous reports demonstrating that the use
of tenofovir diminishes the risk for hepatocellular carcinoma
[18] and all-cause and liver-related mortality [19]. Taken to-
gether, tenofovir-containing regimens, in the absence of major
contraindications, should be strongly encouraged in HIV/HBV
coinfection.

In addition to the declining risk of mortality in this cohort,
we observed that the influx of new HIV/HBV-coinfected pa-
tients in our cohort decreased drastically from 2005, with
no such patients entering the cohort in the last year of the
study period. The declining rate of new (acute) HBV infec-
tions matches trends observed in the general European pop-
ulation [20]. In the ATHENA cohort, the overall prevalence
of chronic HBV coinfection among HIV-positive individuals
has decreased from 9.8% in 1998 to 5.8% in 2018 [14]. These
trends are likely the result of vaccination campaigns carried
out by the Dutch Community Health Services in high-risk
populations and awareness among HIV-treating physicians to
offer HBV vaccination services to nonimmune patients [21].
Furthermore, there is increasing evidence for the prophy-
lactic effects of TDF/TAF against HBV acquisition [22]. The
extensive uptake of tenofovir-containing regimens provided a
prophylactic benefit for HIV-monoinfected patients and viro-
logical suppression, leading to reduced onward transmission
for HBsAg-positive patients, both of which probably contrib-
uted to fewer new cases.

We observed a strong association between the cumulative
usage of ddI/d4T and the risk for liver-related mortality. The
hepatotoxic potential of these drugs was already recognized
in the 1990s after several case reports described patients de-
veloping fulminant hepatitis with microvesicular steatosis by
histological examination [23]. However, later reports identified
the use of these thymidine—and deoxyadenosine—analogues
to be also associated with the development of liver fibrosis and
cirrhosis [12]. Both d4T and ddI are strong inhibitors of the
mitochondrial polymerase-y, which is essential for mitochon-
drial DNA (mtDNA) replication. Inhibition of polymerase-y
leads to a loss of functional mitochondria and subsequently he-
patic lipid accumulation and steatohepatitis [24]. The close in-
terplay between these agents and mitochondrial toxicity could

explain the increased risk of liver-related mortality with their
use. Although d4T and ddI should no longer be used, clinicians
should remain aware that patients ever exposed to these drugs
may be at continued increased risk of liver-related disease.

Our data show that current treatment is highly successful,
but challenges remain. A remarkable finding was that a signifi-
cant part of the patients in our cohort did not receive any HBV-
active agents or only lamivudine. A potential explanation may
include patients having documented HBsAg clearance or con-
trolled HBV infection with only lamivudine. Nonetheless, we
found that several patients switched to a single-tablet regimen
with possibly ineffective HBV-active agents. The introduction of
tenofovir as part of ART may have reduced clinicians’ concern
about HBV coinfection, including the need for regular HBV-
DNA monitoring, given the virtual 0 risk of selecting HBV-
resistant mutants on tenofovir [25]. Data from France have
reported, however, that ~15% of patients on TDF-containing
cART display persistent HBV viremia even after years of treat-
ment [26]. Such patients are less likely to achieve HBsAg and
HBeAg loss, but the impact on clinical end points is unknown.
In addition, a recent study showed that adherence to HCC
screening in patients with HIV/HBV coinfection with advanced
fibrosis/cirrhosis was strikingly low [27]; in this cohort, only
5%-18% of the patients underwent biannual HCC screening
in accordance with guidelines. Although treatment of HBV has
become simpler in the tenofovir era, physicians need to remain
vigilant on HBV management. Our HIV/HBV cohort is aging,
with currently nearly half of the patients being >50 years—
placing this population at risk for several age-related diseases.
Currently, nonalcoholic fatty liver disease (NAFLD) is one of
the most pervasive liver-related comorbidities in HIV-positive
populations [28]. Even in the setting of optimal HIV/HBV
treatment, a notable proportion of coinfected patients displayed
significant fibrosis in Sterling et al. [29] and in the ATHENA
cohort [30]. Therefore, the extra hit due to NAFLD could poten-
tially lead to increased progression toward ESLD.

Our study has some limitations. Given the many changes in
immunological recovery, viral suppression of both HIV and
HBYV, and improvement in antiretroviral medication occurring
simultaneously over calendar periods, it is difficult to state
which of these had a specific effect on liver-related mortality.
Furthermore, the ATHENA cohort is a real-life cohort based
on data that are gathered at different treatment sites during
routine care. For this reason, other data related to liver-related
or cause-specific mortality, such as time-updated alcohol use,
liver-specific laboratory results, and HBV serological markers,
are not collected in a standardized manner, and not all could be
taken into account in the analyses.

In conclusion, we demonstrate that HIV/HBV-coinfected
patients diagnosed after 2002 were far more likely to survive
than patients diagnosed in the early cART era, coinciding with
the introduction of safe and highly efficacious antiretroviral
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medications against HIV and HBV. Importantly, our data
demonstrate a need for continued awareness by physicians
to maintain optimal HBV suppression. Future research
should focus on how the aging HIV/HBV-coinfected popu-
lation is affected by comorbidities like NAFLD and how the
decline in mortality risk compares to populations with HIV

monoinfection.
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