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Purpose of review

The epidemiology of liver disease in people living with HIV has evolved since the arrival of effective
hepatitis C virus (HCV) treatment. Nonalcoholic fatty liver disease (NAFLD) in HIV patients is highly
prevalent while hepatitis D, hepatitis E, and occult hepatitis B remain underappreciated. We discuss
mechanisms of fibrosis in HIV and review clinical outcomes of HIV-associated liver diseases.

Recent findings

HIV-HCV co-infection is receding as a cause of progressive liver disease, but fibrosis biomarkers after HCV
treatment remain elevated. Antiretroviral therapy (ART) with anti-hepatitis B virus (HBV) activity promotes
stable liver disease, but oversimplifying ART regimens in unrecognized suppressed HBV may lead to
activation of HBV. A high prevalence of fibrosis and rapid progression of fibrosis are seen in HIV-
associated NAFLD, with visceral fat as a major risk factor. Newer ART such as integrase strand inhibitors
may have limited intrinsic hepatoxicity but do increase weight, which may secondarily lead to hepatic
steatosis. Promising therapies for HIV-associated NAFLD include tesamorelin and CCR5 blockade agents.

Summary

Our understanding of the natural history and pathogenesis of liver diseases in HIV has advanced and
adapted to the changing landscape of liver disease in this population. Future research should evaluate
long-term clinical and histological outcomes, prevention strategies, and treatment options to improve
morbidity and mortality in HIV-related liver diseases.
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INTRODUCTION

With the introduction of effective combination
antiretroviral therapy (cART) in 1996, the lifespan
of people living with HIV infection (PLWH) was
extended. Longer life expectancy led to shifts in
the causes of morbidity and mortality in individuals
with HIV infection, and chronic liver disease has
emerged as the second leading cause of non-HIV
related mortality [1].

In the early 2000 s, concern centered on the
impact of HIV-hepatitis C virus (HCV) co-infection
on the acceleration of liver disease progression.How-
ever, the field has continued to evolve in the last
decade. Due to the advent of direct-acting antiviral
(DAA) agents in 2011, HCV treatment has become
safe and effective for HIV patients and has corre-
sponded to improvement in clinical outcomes.
Now, attention has moved towards other etiologies
of liver disease, such as the high prevalence of HIV-
associated nonalcoholic fatty liver disease (NAFLD),
increased recognition of hepatitis delta virus (HDV)
and hepatitis E virus (HEV), particularly in Europe,
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and the continued contribution of hepatitis B virus
(HBV) to liver injury and mortality in co-infected
patients despite widespread HBV suppression by
dual-acting agents used in cART.

In this article, we will examine unique profibro-
genic pathways potentiated by HIV and HIV-asso-
ciated liver diseases, the impact of antiretroviral
therapy on liver fibrosis, and emerging therapies
thatmaymodify outcomes of liver disease in PLWH.
UNIQUE MECHANISMS OF FIBROSIS IN
HIV

Hepatic fibrosis results from acute or chronic liver
injury and is a normal wound-healing response that
rved. www.co-hivandaids.com
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KEY POINTS

� Fibrogenic pathways from HIV include direct effects on
liver cells, immune activation from bacterial
translocation, and altered immunity from T-cell
exhaustion and death.

� Although hepatitis C co-infection has declined, hepatitis
B and hepatitis D are still main contributors to HIV-
related liver disease, and hepatitis E is particularly
common in Europe.

� Nonalcoholic fatty liver disease is highly prevalent in
people with HIV and is associated with rapid fibrosis
progression, with visceral fat related to lipodystrophy
as a clinical predictor.

� Despite lowered risk of fibrosis progression with
effective antiretroviral therapy, mechanisms of
fibrogenesis are not completely reduced, and further
studies in the possible contribution of contemporary
antiretroviral therapy to fatty liver disease are needed.

� Emerging therapies include CCR5 inhibitors for
modulation of hepatic fibrosis, tesamorelin for HIV-
associated nonalcoholic fatty liver disease, and
bulevirtide and lonafarnib as potential cures for
hepatitis D.

Special commentary
leads to increased deposition of extracellular matrix
(ECM) composed of fibrogenic type I and III colla-
gen [2]. Hepatic stellate cells (HSC) are key effector
cells that are activated to collagen type I-producing
myofibroblasts in response to liver injury. Other
immune and parenchymal cells, such as hepato-
cytes, macrophages, and natural killer cells, produce
various extracellular signals to regulate activation of
HSCs. Through pathways that cause HSC apoptosis,
senescence, or quiescence, cessation of liver injury
leads to either resolution of fibrosis or remodeling
of deposited matrix with subsequent decrease in
fibrosis stage [3]. However, repeated and chronic
liver injury from a multitude of etiologies, such as
viral infections, alcohol, and metabolic syndrome
causes fibrosis progression through continued acti-
vation of profibrogenic pathways. These pathways
promote increased synthesis anddepositionof type 1
collagen and HSC survival, ultimately propagating
large amounts of scar formation and leading to the
development of cirrhosis and decompensated liver
disease. This processmay take decades, and the insid-
ious nature of progression often lulls clinicians into a
false sense of security in their patients’ health status.
Direct HIV and HIV-related effects

HIV infection itself promotes fibrogenesis through a
variety of mechanisms. These include direct effects
360 www.co-hivandaids.com
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on hepatocytes, stellate cells, and Kupffer cells,
immune activation from increased bacterial trans-
location into portal blood, and immune system dys-
regulation through depletion and death of T-cells
(Fig. 1).

HIV can enter hepatocytes, but data are contro-
versial with regards to its capacity for productive
infection[4].However,HIVenvelopeproteins interact
with theHIV coreceptors CC-motif chemokine recep-
tor 5 (CCR5) and C-X-C motif chemokine receptor
4 (CXCR4) expressed on hepatocytes. This promotes
reactive oxygen species (ROS) accumulation and
transforming growth factor beta-1 (TGFb1) signaling,
which stimulateHSCs to produce ECM through upre-
gulation of genes collagen type 1 a 1 (CoL1A1) and
TIMP metallopeptidase inhibitor 1 (TIMP1). Studies
byChungand colleaguesonHIV-HCVco-infection in
co-culture of hepatocytes (Huh7.5.1 cells) and HSCs
(LX2) demonstrated that HIV and HCV independ-
ently and cooperatively activate these profibrogenic
effects [5,6]. In addition, HIV-induced apoptosis of
hepatocytes and subsequent phagocytosis by macro-
phages and HSCs also contribute to fibrosis [7,8].

HIV can directly infect HSCs and hepatic macro-
phages (Kupffer cells). HIV activation of HSCs,
through CCR5 dependent and independent path-
ways, stimulates production of ECM [9,10]. Kupffer
cell activation by HIV through stimulation of toll-
like receptors (TLRs) promotes proinflammatory
cytokines and ECM production by HSCs [11,12].
This process is represented by the release of soluble
CD163 (sCD163), which is a macrophage activation
marker. sCD163 levels are elevated in both HIV and
HCV infection, with highest levels in HIV-HCV co-
infection, and are significantly associated with
development of hepatic fibrosis [13,14].

Liver fibrogenesis may also be propagated by
immune activation from HIV-associated microbial
translocation [15]. Early and severe depletion of
CD4 T-cells in the gastrointestinal tract leads to a
breach in the intestinal immune barrier through
enterocyte apoptosis and tight junction disruption,
as well as gut dysbiosis [16–18]. Bacterial transloca-
tion results in endotoxins such as lipopolysaccharide
(LPS) in theportal circulation,whichare thendrained
through the liver until later stages of hepatic fibrosis
lead to shunting. This process may contribute to
activation of proinflammatory and profibrogenic
pathways. LPS is elevated in HIV infection [19] and
has been shown to activate HSCs and macrophages
through interaction with TLRs [20].

In patients with HCV or HBV-induced chronic
liver disease, altered immunity in HIV infection can
also accelerate fibrosis progression. In a study of HIV-
HCV co-infected patients, co-infection was associated
with lack of critical CD4 T-cell responses to HCV
Volume 17 � Number 6 � November 2022
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FIGURE 1. a. Direct HIV Effects. HIV interacts with hepatocytes through HIV co-receptors CCR5 and CXCR4, leading to an
increase in ROS and TGFb1 signaling. This stimulates HSCs to activate and produce ECM through upregulation of genes
CoL1A1 and TIMP1. HIV-induced apoptosis of hepatocytes and subsequent phagocytosis by macrophages and HSCs also
promote HSC transdifferentiation to its activated form. HIV can directly infect HSCs through CCR5 dependent and independent
pathways, as well as Kupffer cells through TLR4, to stimulate ECM production and fibrogenesis. The latter process is
represented by elevation of sCD163 levels. b. Microbial translocation. Bacterial translocation is induced by HIV through CD4
depletion in the intestinal tract, tight junction disruption, and enterocyte apoptosis. LPS endotoxins in the portal circulation are
drained by the liver and activate Kupffer cells and HSCs through TLR4 interactions. c. Altered immunity. HIV-HCV co-infected
patients have decreased NK cell frequency and impaired functional activity, which prevents killing of HSCs and promotes their
survival. Additionally, chronic HIV leads to high levels of CD4 and CD8 activation, then exhaustion as represented by CD39
and PD1, then death. These contribute to HCV persistence and further fibrogenesis. CCR5, CC-motif chemokine receptor 5;
CXCR4, C-X-C motif chemokine receptor 4; ROS, reactive oxygen species; TGFb1, transforming growth factor beta-1; ECM,
extracellular matrix; CoL1A1, collagen type 1 a 1; TIMP1, TIMP metallopeptidase inhibitor 1; HSC, hepatic stellate cell; TLR4,
toll-like receptor 4; sCD163, soluble CD163; LPS, lipopolysaccharide; HCV, hepatitis C virus; NK cell, natural killer cell.
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antigens and increased rates of HCV persistence [21].
In addition, chronic HIV infection is characterized by
high levels of CD4 and CD8T cell activation, even-
tually leading to T cell exhaustion, depletion, and
death [22]. CD39 and PD-1, markers of T-cell exhaus-
tion, are abundantly expressed by CD8 T-cells in HIV
and HCV and correlate with high levels of viral load
[23],andco-infectedpatientshavesignificantlyhigher
rates of CD4 and CD8 T-cell apoptosis compared
to HIV-mono-infected patients [24]. Similarly, PD-L1
levels were significantly higher in HIV-HBV co-infec-
tion compared to healthy controls [25]. HIV-HCV
1746-630X Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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co-infected patients also have decreased natural killer
cell frequency and highly impaired natural killer cell
functional activity, which promotes activated HSC
survival and liver fibrosis progression [26–28].
Viral hepatitis (hepatitis C virus, hepatitis B
virus, hepatitis delta virus, and hepatitis E
virus)

Viral hepatitides remain significant contributors to
liver disease in PLWH, with an increased prevalence
of all forms in this population. We will focus on
rved. www.co-hivandaids.com 361
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Special commentary
those that cause chronic infection: HCV,HBV,HDV,
and HEV while noting that acute injury from these
and other viruses (e.g., hepatitis A) also can lead to
long-lasting hepatic fibrosis in some cases.

As reviewed above, HIV synergistically acceler-
ates fibrosis progression in HCV co-infection, lead-
ing to both decompensated cirrhosis and
hepatocellular carcinoma (HCC). In addition,
HCV co-infection increases the risk of all-cause
and liver-related mortality in PLWH [29]. The prev-
alence of HIV-HCV co-infection among HIV-
infected individuals was previously estimated to
be 20% in North America and more than 80%
among those with injection drug use [30]. Recent
estimates are lacking; effective treatment reduces
chronic infection rates, but new infections associ-
ated with injection drug use and high risk sexual
behaviors among men who have sex with men
contribute to a new pool of chronic HCV. In the
era of DAA regimens, HCV treatment is tolerable and
highly efficacious, with SVR rates in co-infected
individuals similar to HCV mono-infected patients
and upwards of 90%. Though the applicability of
results from clinical trials to the real world has been
questioned, a systematic review showed similar
SVR between real-world and clinical trial studies
in HIV-HCV co-infection [31]. Effective HCV treat-
ment in co-infected patients has been associated
with improved measures of fibrosis and mortality
[32,33], and in prospective studies, the risk of
liver complications and HCC after SVR in HIV-
HCV co-infected patients with cirrhosis is no longer
higher than the risk for HCVmono-infected patients
[34,35]. Despite the clinical benefits, however,
elevation in inflammatory and fibrotic biomarkers
persist after HCV clearance, which suggests the need
for continued monitoring for fibrosis progression in
the co-infected population [36].

In North America, the prevalence of HBV co-
infection in PLWH ranges from 4–10%, but the
greatest burden lies in sub-Saharan Africa with a
prevalence of 69% [37]. HBV infection is a signifi-
cant contributor to end-stage liver disease in
patients with HIV, as well as increased liver-related
death [38,39]. Tenofovir is often a key element in
the backbone of antiretroviral therapy (ART) regi-
mens and is effective for long-term treatment of
HBV, particularly given high rates of resistance to
lamivudine and emtricitabine due to YMDD muta-
tions [40,41]. In a recent prospective study of HIV-
HBV co-infected patients on cART with anti-HBV
activity and long-term viral suppression, clinical
events and histologic changes were uncommon
[42

&

]. Despite this, the North American AIDS Cohort
Collaboration study found no clear reduction
in end-stage liver disease risk, and notably over
362 www.co-hivandaids.com
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one-thirdofHBV-coinfectedpatientswerenot receiv-
ing tenofovir [38].Additionally, therehasbeenrecent
interest in simplifying ART to 2-drug regimens, such
as dolutegravir-rilpivirine or dolutegravir-lamivu-
dine [43]. These studies note the importance of
excluding patients with chronic HBV infection, as
inadvertently transitioning patients with previously
suppressedHBV infection to a regimenwithout effec-
tive activity againstHBVcan result in severehepatitis
flares [44]. However, these cART switches are anec-
dotally occurring with some frequency due to a lack
of recognition that HBV had been previously present
but suppressed. SuboptimalHBVvaccinationuse and
poor HBV vaccine efficacy in PLWH remain a chal-
lenge, with ongoing studies to improve seroprotec-
tion rates [45,46].

HDV infection only occurs as a superinfection
or coinfection with HBV. Global estimated preva-
lence is 5% among people with chronic HBV [47],
and in Europe around 15% of patients with HIV and
chronic HBV infection were anti-HDV positive [48].
Studies have shown increased risk of hepatic
decompensation, HCC, and liver-related death in
HIV/HBV/HDV triple infection compared to people
without HDV, even in analyses limited to patients
on optimal HBV therapy [48–50]. The Swiss HIV
cohort study found that over a 9-year follow-up
period of patients on ART, those with HDV infec-
tion were twice as likely to die as those without
HDV [49], which outlines the importance of pre-
vention and effective treatment. Bulevirtide and
lonafarnib have emerged as new treatment options
that have been recently approved or are undergoing
review by regulatory agencies in the USA and
Europe.

HEVhasbecomethemostcommoncauseofacute
viral hepatitis in many European countries and is
mostly attributable to exposure to undercooked
swine products, though consumption of rabbits
and other infected species may also be a factor in
some locations [51]. HEV infection is usually self-
limited, but chronic infection with HEV genotype 3
has been seen in immunosuppressed patients such as
those with HIV or solid organ transplantation [52–
54]. Prevalence of chronic HEV infection in PLWH
according to studies in Europe and the United States
have ranged from 0.1 to 0.5%, with CD4 count less
than 200 identified as a risk factor [55]. Two cases of
HIV-HEV co-infection have been described with cir-
rhosis development in less than 3years in the setting
of severe immunosuppression [56], and HEV should
beconsidered incasesof cryptogenic cirrhosis inHIV-
infected patients. Test modalities are suboptimal,
however, andHEVRNAshouldbeobtainedwhenever
chronic HEV is part of the differential diagnosis for
injury and fibrosis.
Volume 17 � Number 6 � November 2022
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Fatty liver (alcohol and nonalcoholic fatty
liver disease)
With effective HCV cure and rising rates of obesity,
fatty liver disease has become an increasingly recog-
nizedcontributor to liverdisease inpersonswithHIV.
Broadly, fatty liver disease can be differentiated
into alcohol and nonalcoholic steatosis. NAFLD rep-
resents a spectrum of disease, ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH),
fibrosis, and cirrhosis. NAFLD is more prevalent in
HIV-infected patients than the general population,
affecting over one-third of HIV mono-infected
patients [57]. In addition, half of those with chronic
aminotransferase elevations had NASH on biopsies
[58]. PLWHhave similar risk factors for NAFLD as the
general population, such as higher body mass index
(BMI), insulin resistance, and PNPLA3 polymor-
phisms [57–59]. Importantly, some studies have
shown that NAFLD in HIV-infected patients occurs
at a significantly lower BMI than those without HIV
[60].

Notably, Fourman and colleagues recently
found that HIV-associated NAFLD was not only
associated with a high prevalence of fibrosis but also
rapid fibrosis progression [61

&&

]. On initial biopsies,
43% had evidence of hepatic fibrosis, and within
1 year 38% experienced worsening of hepatic fib-
rosis on repeat biopsies regardless of baseline pres-
ence of fibrosis. The rate of fibrosis progression in
HIV-associated NAFLD was accelerated compared to
the rate found in a systematic review forNASH in the
general population [61

&&

]. In this study, visceral fat
was found to be a significant predictor of fibrosis
presence and progression.

Lipodystrophy, characterized by central accu-
mulation and/or peripheral loss of adipose tissue,
is common in patients with HIV. HIV-associated
lipodystrophy is associated with insulin resistance
and dyslipidemia and can occur due to ART, direct
HIV effects, andmicrobial translocation (Fig. 2) [62].
Visceral fat is proinflammatory and profibrotic
[61

&&

], and lipolysis of peripheral adipose tissue
can increase the hepatic influx of free fatty acids,
leading to steatohepatitis [36]. In addition to the
fibrogenic pathways previously described, LPS from
HIV-associated microbial translocation may also
contribute to NAFLD development through
increases in insulin resistance, liver triglyceride con-
tent, and adipose tissue inflammation [63].

While the criteria for NAFLD excludes heavy
alcohol use, alcohol is also an important factor in
hepatic steatosis. Alcohol use is prevalent among
PLWH, including higher amounts of heavy use com-
pared to the general population [64], and is associ-
ated with decreased adherence to ART and viral
suppression [65]. Heavy alcohol use clearly leads
1746-630X Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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to faster rates of fibrosis progression [66]. Like
HIV-associated microbial translocation, ethanol
metabolism can induce intestinal barrier dysfunc-
tion, endotoxemia, and HSC and macrophage acti-
vation with synergistic liver damage by ethanol and
LPS [67]. Additionally, ethanolmetabolism has been
shown to potentiate apoptosis of HIV-containing
hepatocytes in-vitro, which contributes to progres-
sion of inflammation and fibrosis [68].
ROLE OF HIV SUPPRESSION AND
ANTIRETROVIRAL THERAPY ON FIBROSIS

The use of cART and effective viral suppression have
generally been shown to lower the risk of hepatic
fibrosis progression. HIV viral suppression was asso-
ciated with a significant decline in hepatic inflam-
mation prior to an increase in CD4 counts among
HIV-HCV co-infected patients treated with cART
[69]. Two large cohort studies, including the START
study with over 4500 participants and a study by
Ding et al. with 3900 participants, showed that
early cART initiation was correlated with decreased
fibrosis progression by Fibrosis-4 (FIB-4) and AST to
platelet ratio index scores [70,71]. Likewise, ART
interruption resulted in an increased risk of fibrosis
progression [72].

However, studies have also shown that mecha-
nisms of fibrogenesis persist despite ART. Continued
elevation of serum immune activation markers and
incomplete recovery of CD4 T-cells in intestinal
mucosa are seen despite long-term effective viral
suppression with ART [73,74]. Soluble CD163 levels,
which are significantly associated with hepatic fib-
rosis [14], are incompletely reduced after ART and
HCV therapy in HIV-HCV co-infected patients,
implicating residual Kupffer cell activation despite
HIV viral suppression [13]. HIV suppression with
cART does significantly decrease the rate of hepatic
decompensation, but rates are still higher in HIV-
HCV co-infected patients than in HCV mono-
infected patients [75,76].

ART can also cause drug-related liver injury. In
addition to mitochondrial toxicity from first-gener-
ation nucleoside reverse transcriptase inhibitors
(NRTIs) [77], older ART therapy, such as NRTIs
and protease inhibitors, can induce irreversible insu-
lin resistance and lipodystrophy, leading to hepatic
steatosis and NAFLD development, fibrosis, and
hepatic decompensation [78–81]. This is particu-
larly relevant to long-term HIV survivors and those
in resource-constrained settings where these agents
are still used. Non-NRTI efavirenz can similarly
cause mitochondrial injury, hepatic lipid accumu-
lation, and steatosis progression [82,83]. Integrase
strand transfer inhibitors (INSTIs), which are now
rved. www.co-hivandaids.com 363
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first-line in most ART regimens, can be associated
with weight gain after ART initiation or switch to
INSTI, with dolutegravir as the main implicated
agent [84–86]. Data so far on the subsequent impact
on liver steatosis and NAFLD are mixed [87,88].
THERAPEUTIC INTERVENTIONS FOR
HEPATIC FIBROSIS

Inclusion of an agent with CCR5 blockade in an
antiretroviral regimen may provide an additional
antifibrotic effect. HIV binds to CCR5 receptors
on hepatocytes and stellate cells, triggering proin-
flammatory and profibrotic pathways. Maraviroc, a
CCR5 inhibitor, has been shown to block collagen
and ECM accumulation in stellate cells [89] and
improve or blunt development of hepatic fibrosis
364 www.co-hivandaids.com
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markers inHIV-HCVco-infection[90,91].Similarly in
a phase 2 trial, patients with HIV treated with cen-
icriviroc (CVC), a CCR5 and CCR2 dual antagonist,
showed a significant improvement inhepatic fibrosis
biomarkers compared to use of an efavirenz-based
regimen [92,93]. In non-HIV infected patients with
NASH, CVC improved fibrosis without an effect on
steatohepatitis [94]. Pending results of phase 3 trials,
this suggests that CVCmay be considered in the ART
regimen for patients with HIV and NASH.

Tesamorelin, a growth hormone releasing ana-
log administered subcutaneously once daily and
approved by the United States Food and Drug
Administration (FDA) for HIV lipodystrophy, is an
emerging therapy for HIV-associated NAFLD. Due to
perturbations in growth hormone secretion with
reduced pulsatile growth hormone in PLWH, weight
Volume 17 � Number 6 � November 2022
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gain and abdominal fat accumulation occur. Tesa-
morelin restores endogenous pulsatile growth hor-
mone secretion and reduces visceral adiposity by
stimulating lipolysis in HIV-infected patients [95].
Correspondingly, it has been shown to reduce liver
fat content and prevent fibrosis progression [96].
Long-term treatment with tesamorelin also notably
decreased markers of T-cell and monocyte/macro-
phage activity, suggesting reduction in immune
activation and systemic inflammation in patients
with HIV and NAFLD [97

&&

]. Other classes of agents
for NAFLD/NASH or reduction of hepatic fibrosis are
under active evaluation (e.g., FXR agonists, thyroid
hormone receptor agonists) in non-HIV infected
populations and also show promising results, but
studies in PLWH are lacking.

The potential for hepatitis D cure has generated
excitement in the field, especially considering the
rapid progression of liver disease from HDV and
prior lack of effective therapy. Bulevirtide, a once
daily subcutaneous drug that blocks entry of HBV/
HDV into hepatocytes, was recently approved in
Europe for HDV treatment with some cases demon-
strating potential for cure [98]. Lonafarnib, an oral
farnesyl transferase inhibitor that blocks HDV
assembly in hepatocytes, is undergoing a global
phase 3 clinical trial for treatment of HDV [99]. A
one-time ultra-long acting formulation has been
proposed by Soriano and colleagues as an attainable
future prospect for HDV cure [100].
CONCLUSION

Liver disease continues to be a major source of
morbidity and mortality among PLWH. Key con-
tributors to injury and development of fibrosis have
evolved over the last two decades. While some dis-
ease processes like HCV are receding in significance
due to the presence of effective curative treatments,
other diseases have emerged in importance. Hepatic
fibrosis is the endpoint in injury from a host of
interrelated etiologies, leading to development of
cirrhosis and subsequently end-stage liver disease.
Future clinical and research needs include improved
recognition of chronic viral infections, cure strat-
egies for hepatitis B and D, better understanding of
processes that cause simple steatosis to develop
into inflammatory NAFLD/NASH in people with
HIV, and HIV treatment regimens that protect the
liver rather than cause harm. Promising antifibrotic
agents are on the horizon, but focus on PLWH has
been relatively limited. Pending HIV cure strategies,
investment in the reduction of liver disease and
prevention of fibrosis development remain key tar-
gets for the health and safety of persons living
with HIV.
1746-630X Copyright © 2022 Wolters Kluwer Health, Inc. All rights rese
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