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Despite substantial advances in the field, liver 
disease morbidity and mortality remain serious 
issues among people with HIV. The causes of 
liver disease are often multifactorial and in-
clude hepatitis viruses, hepatic steatosis and 
oxidative stress, bacterial translocation with 
activation of hepatic macrophages and stellate 
cells, and direct toxicities from alcohol and 
drugs of abuse. Biopsychosocial factors includ-
ing a high prevalence of psychiatric disorders, 
food insecurity, insufficient access to care and 
medications, and social stigma all play roles in 
the persistence of liver injury and hepatic fi-
brosis development among people with HIV. 
Rising rates of hepatocellular carcinoma have 
been observed, suggesting that the epidemiol-
ogy of liver disease is evolving.     
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Introduction
Liver disease was initially recognized as a major con-
tributor to morbidity and mortality among people 
with HIV in the early 1990s and became fully manifest 
as a major health issue in the mid-1990s following 
the introduction of effective combination antiret-
roviral therapy (ART). The subsequent 3 decades 
witnessed tremendous progress in HIV care, as well 
as the stubborn persistence of liver disease threat-
ening survival and quality of life. Microelimination of 
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the hepatitis C virus (HCV) infection in people with 
HIV seems achievable, yet new infections and rein-
fections threaten progress. Hepatitis B virus (HBV) 
infection can be suppressed by nucleotide and nu-
cleoside therapy, but a cure remains elusive. Limited 
HBV vaccine responses in people with HIV who use 
older vaccine products remain problematic. Newly 
developed HBV vaccines may help people with 
HIV but have not been widely studied yet in the 
populations that would most benefit. Nonalcoholic 
fatty liver disease (NAFLD) and nonalcoholic steato-
hepatitis (NASH) have increased in prominence as 
HCV treatment reduces the threat of HCV-related 
liver disease. ART drugs have improved in their he-
patic safety, but some trends like the use of 2-drug 
regimens with limited HBV activity may represent a 
step backward for people coinfected with HBV, and 
weight gain associated with many integrase strand 
transfer inhibitors (InSTIs) is problematic as well. 
Barriers to treatment and prevention remain, in part 
because of the presence of major psychiatric co-
morbidities that are more prevalent in people with 
HIV. Emergence of the COVID-19 pandemic added 
complexity to the prevention and management of 
liver disease among people with HIV and continues 
to affect care and disease outcomes. 

To address these issues and encourage collabo-
ration among researchers to investigate emerging 
issues, the National Institute of Allergy and Infectious 
Diseases, in association with industry partners, has 
provided support for a biennial meeting to discuss 
the research agenda. Held in September 2021, the 
8th Biennial HIV and Liver Disease Conference in-
cluded key representatives from infectious diseases, 
hepatology, psychiatry, nutrition, and pharmacol-
ogy, as well as policymakers, regulators, and basic 
and translational scientists focused on liver-related 
issues in this unique, at-risk population.
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The association of HCC development with HBV  
viral titer was previously well established in the 
Taiwanese REVEAL (Risk Evaluation of Viral Load 
Elevation and Associated Liver Disease/Cancer-Hep-
atitis B Virus) study.5 More recently, this relationship 
was also noted in people with HBV/HIV coinfection; 
higher HCC risk was noted for persons with HBV 
DNA levels greater than 200 IU/mL than those with 
lower quantities. Longer duration of complete HBV 
suppression was likewise associated with decreased 
HCC risk.6 Additional risk for HCC attributable to 
hepatitis D virus (HDV) infection was described in 
results from the Swiss HIV Cohort Study. The haz-
ard ratio for HCC-free survival was 9.3 (95% CI,  
3–28.6), representing a significant decrease in 
cancer-free survival for persons with HDV/HBV/
HIV infection.7 Recently, bulevirtide was approved 
in the European Union for treatment of hepatitis D 
virus (HDV) infection and may soon be approved in 
the USA, providing one tool to combat this serious 
challenge.

Not all news related to liver disease trends in peo-
ple with HIV is negative, however. Among the first 
groups to document the salutary effects of effec-
tive HCV treatment in this population, Mocroft and 
colleagues reported significant reductions in the in-
cidence of ESLD in people with HIV in the EuroSIDA 
cohort whose HCV was cleared spontaneously, ver-
sus those whose HCV was not. The lowest rates 
of ESLD were observed in those with spontaneous 
clearance, and those with treatment failure had the 
highest observed rates of ESLD. Successfully treated 
persons were normalized at an incidence rate of 1.8 
Similarly, the national US database known as the 
Nationwide Inpatient Sample was used to examine 
trends in mortality over a 15-year period within a 
subset of people with liver disease, namely, those 
with cirrhosis, either with or without HIV. Higher 
inpatient mortality (10.9%) was observed among 
people with cirrhosis and HIV than among those 
without HIV (9.2%; P <.001). However, the rate 
declined in both groups over the 15-year period. 
Liver-decompensating events decreased but in-
fections increased in people with HIV. Thus, HIV 
remains an independent predictor of mortality in 
people with cirrhosis.9

Epidemiologic Considerations

Liver Disease and Hepatocellular Carcinoma

Few studies have addressed the epidemiology of 
and trends in liver disease over time in large cohorts 
that are diverse and have sufficient geographic 
representation to fully represent the at-risk popu-
lations. The NA-ACCORD (North American AIDS 
Cohort Collaboration on Research and Design), a 
US and Canadian cohort study, examined morbidity 
and mortality of liver disease across 3 distinct time 
periods that correspond broadly to eras in available 
choices of ART. Its results clearly documented the 
lack of longitudinal changes in disease mortality 
and progression to end-stage liver disease (ESLD) 
associated with coinfection with HCV, HBV, or both 
in people with HIV.1 Despite this finding, more re-
cent analyses in the NA-ACCORD identified a clear 
increase in rates of hepatocellular carcinoma (HCC), 
culminating in an incidence of 0.75 cases per 1000 
person-years compared with an HCC rate in the  
general US population of 0.23 per 1000 person- 
years.2 Interestingly, people affected by triple infec- 
tion with HBV/HCV/HIV are at highest risk. 

High HCC rates were also observed in the VACS 
(Veterans Aging Cohort Study) among nearly 35,000 
veterans. Data adjusted for age, sex, race, body mass 
index, alcohol use, diabetes, and HBV and HCV se-
rostatus revealed HIV virus detection and viral load 
as key factors associated with this outcome.3 Pres-
ence of fatty liver disease was also identified as an 
important factor. In a combined analysis of 4 Euro-
pean cohorts of individuals coinfected with HBV/HIV 
on tenofovir disoproxil fumarate (TDF), cumulative 
time on TDF treatment was associated with a sta-
ble-to-decreased risk of HCC development, but the 
time off TDF therapy was highly associated with an 
increase in the incidence rate ratio of HCC.4 In the 
same study, HCC surveillance strategies were evalu-
ated to determine the optimal screening paradigm. 
In people with cirrhosis, as in HBV monoinfection, 
age was not found to be a factor, meaning all per-
sons with HBV/HIV coinfection should be screened. 
In people without cirrhosis, an age threshold of 45 
years was associated with a predetermined screen-
ing threshold of 2 events/1000 person-years. 
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Trends in people with NAFLD and NASH remain 
unclear and are difficult to discern because of sub-
stantial differences in reporting methods used to 
define the presence or absence of disease. Varying 
definitions within and between diagnostic catego-
ries sharply limit the ability to draw conclusions 
about disease progression and make comparisons 
between people with HIV and cohorts without HIV. 
For example, the histologic definition of steatosis is 
the presence of 5% or more hepatocytes contain-
ing fat droplets, and the biomarker MRI-derived 
proton density fat fraction appears to have excel- 
lent reliability and reproducibility for defining stea- 
tosis at this level.10 However, most studies utilize 
other, substantially less sensitive methodologies in-
cluding controlled attenuation parameter or even 
echogenicity on ultrasound. The definition used for 
NAFLD is also variable, requiring abnormal levels of 
alanine aminotransferase (and with studies using 
varying cutoff levels) or the presence of fibrosis as 
determined by liver-stiffness measurement, which is 
itself a surrogate for fibrosis. NASH is a purely his-
tologic diagnosis, but few studies perform enough 
liver biopsies to allow meaningful cross-sectional 
comparisons between people with HIV and control 
participants. This area remains key for future inves-
tigation and is especially important because of the 
putative relationship between some ART drugs and 
fat accumulation in the liver and elsewhere. This 
point is discussed later in more detail.

HIV Epidemiology

In 2018, several key issues in HIV epidemiology 
were identified. At that time, not only had progress 
toward ending the epidemic of new HIV infections 
in the United States stalled, but the opioid epidemic 
was driving a resurgence of new infections. Indeed, 
the US Centers for Disease Control and Prevention 
(CDC) estimated that the next decade would yield 
a net gain of nearly 400,000 HIV infections, based 
upon an incidence of greater than 38,000 new 
cases/year.11 This modeling led the CDC to begin a 
new initiative targeting a 75% reduction in new HIV 
infections within 5 years and a 90% reduction in 
10 years. The cornerstones of this effort included 
increased use of HIV preexposure prophylaxis (PrEP) 

and syringe exchange service programs (SSPs). Fur-
thermore, early diagnosis and treatment with the 
goal of sustained viral suppression would reduce 
the pool of HIV index cases. Targeting was achieved 
by identifying 57 jurisdictions with the highest rates 
of HIV transmission, many in 7 rural states. 

Unfortunately, data available in 2021 show little 
progress made to date. There were 34,800 new HIV 
infections in 2019, the majority (82%) among males. 
Black/African American and Hispanic/Latino persons 
account for the majority (69%) of new infections. 
Male-to-male sexual contact represents the highest 
proportion of transmissions (66%). Because 80% 
of infections are transmitted by people unaware 
they have HIV, this group remains a key priority for 
intervention.12 Self-testing strategies may have an 
important role in increasing early diagnosis.13 Large 
gaps in PrEP use between whites and other racial or 
ethnic groups remain, representing an area of op-
portunity. However, SSPs have lost ground in areas 
with high opioid-use risk, which poses a threat to 
achievement of lower HIV incidence targets. Results 
of several economic modeling studies suggest that 
SSPs are cost-effective, but political considerations 
may continue to limit implementation.14

Immunopathogenesis

The higher risk of cirrhosis in people living with HIV 
than in those without HIV underscores the impor-
tance of understanding the mechanisms of liver 
fibrosis. Most of the focus and disease burden has 
been on individuals with underlying HCV or HBV in-
fection. However, some data suggest that even 
without a primary liver disease, HIV itself may cause 
liver steatosis and fibrosis. For example, results of a 
study of 432 people with HIV revealed that 10% of 
those without HBV infection, HCV infection, or self-
reported excessive alcohol use had elevated values 
of liver stiffness (>7.1 kPa), a finding associated with 
HIV viral load and metabolic dysfunctions like diabe-
tes.15 Thus, even though the apparent net effect of 
HIV on liver fibrosis is most evident in the presence 
of a second contributor such as HCV infection, HBV 
infection, excessive alcohol use, or metabolic liver 
disease, HIV infection itself biases the liver toward 
fibrosis and synergistically promotes these other 
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processes. Notably, some mechanisms are reversed 
by ART, and others continue to contribute (or are even 
caused by) the ART medications (discussed later). 

Various mechanisms have been proposed through 
which HIV may potentiate or cause liver fibrosis; 
many overlap, and all converge on the central role of 
stellate cells (Table). Results of pivotal in vitro stud-
ies have shown that HIV cooperatively enhances 
the fibrogenesis caused by HCV accentuating reac-
tive oxygen species and transforming growth factor 
(TGF)-beta induction, thereby inducing the secretion 
of type 1 collagen and tissue inhibitor of metallo- 
protease (TIMP)-1 in hepatic stellate cells as well as 
hepatocyte apoptosis.16,17 Likewise, with HBV coin-
fection, recent evidence suggests that HIV and HBV 
cooperatively promote fibrosis by upregulation of hy-
poxia-inducible factor 1-alpha, which in turn might 
increase TGF-beta production.18 Emerging evidence 
also suggests a role for the Hippo–yes-associated 
protein (YAP) pathway in hepatic fibrogenesis. When 
Hippo is turned off (directly or indirectly by infection), 
YAP is unphosphorylated and free to translocate to 
the stellate cell nuclei to induce genes promoting 
fibrosis in a manner attenuated by recognized in-
hibitors of fibrogenesis such as lysophosphatidic 
acid (LPA) and epidermal growth factor receptor 
(EGFR) inhibitors. Interestingly, in a murine model 
the YAP-mediated fibrogenesis is also attenuated 
by ART. 

Other data point to a role for liver macrophages 
(Kupffer cells) in the pathogenesis of HIV-related 

liver disease. HIV can infect Kupffer cells and alter 
their cellular physiology, even though the macro-
phage is not thought to contribute to the latent 
reservoir.19 The M2 Kupffer cell phenotype is espe-
cially relevant, in that it can activate stellate cells, a 
process that is correlated with the net production of 
a soluble protein, CD163.20,21 Soluble CD163 was 
highly associated with evidence of liver injury in 
people with HIV and with development of hepatic 
fibrosis in a human cohort study.22

HIV infection also has myriad effects on adipocyte 
biology that might coordinately impact liver disease. 
The most obvious connection is with the accumula-
tion of additional liver fat (steatosis), which in some 
instances also is associated with disease (inflamma-
tion or fibrosis). One example is the HIV accessory 
protein Vpr, which can inhibit peroxisome prolifer-
ator-activated receptor (PPAR)-gamma, increasing 
lipolysis and fat accumulation in liver.23 Although 
inhibition of HIV replication would be expected to 
reduce that mechanism, some ART medications 
themselves are associated with fatty liver. Older ART 
medications such as stavudine (d4T) were directly 
toxic to cells, but even newer drugs like the InSTIs 
cause weight gain and possibly increased hepatic 
steatosis. 

Chemokines and Their Receptors 

Chemokines are molecules that regulate inflamma-
tion and, not surprisingly, are dysregulated in people 
with HIV. For example, the peripheral circulation of 
people with HIV/HCV coinfection contains fewer 
CD4+ T cells than that of individuals monoinfected 
with HCV, and these cells are disproportionately in 
an activated and “exhausted” state (PD1+, CD38+, 
HLADR+). Compared with T cells from people with 
HCV monoinfection, cells isolated from individu-
als with HIV/HCV coinfection are also more likely 
to express CXCR3, a liver-homing molecule, and to 
secrete chemokines and cytokines that stimulate 
stellate cells to produce extracellular matrix proteins 
and accelerate liver fibrosis (Figure 1).24 Interestingly, 
in contrast to the findings for circulating blood, op-
posite trends occur in liver tissue (ie, more CD4+ 
T cells from individuals with monoinfection ex-
press CXCR3). This paradigm suggests that blocking 

Table. Proposed Overlapping Mechanisms for HIV 
Potentiation of Liver Disease

Enhanced oxidative stress and TGF-beta induction  

HIF-1, Hippo, YAP, LPA signaling effects

Adaptive immune dysfunction (eg, CD4+ T-cell depletion)

Alterations in Kupffer cell physiology

Lipodystrophy and adipocyte effects

Enhanced microbial translocation

Abbreviations: HIF-1, hypoxia-inducible factor-1; LPA, 
lysophosphatidic acid; TGF-beta, transforming growth 
factor-beta; YAP, yes-associated protein. 
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chemokine receptor 2 (CCR2) or chemokine receptor 
5 (CCR5) might attenuate the increase in liver fibro-
sis associated with HIV. 

Evidence supporting the pharmacologic blockade 
of these chemokine pathways comes from murine 
models of liver inflammation and NASH.25,26 Some, 
but not all, human epidemiologic data also support 
the paradigm. For example, people with hemophilia 
and HIV/HCV coinfection who have 1 copy of the  
CCR5 allele known as the delta 32 mutation have 
lower serum liver fibrosis scores than those who 
are homozygous for the wild type.27 Likewise, in a 
study in which people with HIV but not HCV were 
randomly assigned 2:1 to receive either cenicri-
viroc or efavirenz (plus TDF and emtricitabine), 
the cenicriviroc group had lower serum fibrosis 
scores than the efavirenz group.27 This observational 

research set the stage for clinical 
trials to test the hypothesis. Thus  
far, a phase 2b study was reported 
in which people with NASH were 
randomly assigned to receive ceni- 
criviroc either immediately or after  
a delay, and results of each group 
were compared with those of 
a placebo group.28 In this rela-
tively small study, no difference 
was detected in the number of 
participants who had both an 
improvement of at least 1 stage 
of fibrosis and no worsening of 
NASH. 

Microbiome 

The microbiome refers to all the 
microorganisms (bacteria, viruses, 
fungi, and archaea) that live within 
an ecosystem. In humans, the gut 
is the most studied ecosystem, 
and in health, homeostasis ex-
ists between the microbiome and 
intestinal mucosa. HIV disrupts 
this homeostasis, and evidence in- 
dicates that HIV affects the muco-
sal interface. Specifically, during 
acute HIV infection, there is mark- 

ed depletion of the CD4+ T cells that line the intes-
tinal lumen.29 More pronounced effects are the 
depletion of a subset of Th17+ T cells and dis- 
ruption of mucosal barriers. This breach in the gut  
mucosa is thought to promote translocation of bac-
teria from the gut microbiome, and correlates of 
that process (and macrophage activation) such as 
soluble CD14 are associated with HIV-related im-
mune activation and even mortality.30 

There is also evidence that the components of 
the microbiome are altered in people with HIV. 
Results of some studies adjusting for HIV risk ex-
posure and other confounders show differences 
linked to HIV infection itself. Specifically enriched 
in people with HIV are some Proteobacteria and 
Enterobacteria species, with a corresponding reduc-
tion in Bacteroides species.31 A dynamic metabolic 
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mechanism has been proposed, with increased pro-
duction of kynurenine from tryptophan associated 
with disease in a manner that contributes to de- 
pletion of Th17+ cells and disruptions in muco-
sal protection. Results of a recent study provided 
evidence for this paradigm in peripheral blood. 
In people with HIV receiving ART, fragments of 
enteric microbes and specifically Serratia species 
were correlated with proinflammatory cytokines and 
CD4+ T-cell increases in the first treatment year. Sub-
sequently, lower Serratia species DNA abundance 
was associated with more favorable outcomes. DNA 
fragments traced to Pseudomonas species had the 
opposite associations.32 

The link with liver pathogenesis is assumed to 
be related to the drainage of organisms that are 
translocated from the gut to the liver via the portal 
blood.33,34 Collectively, this work raises the question 
of whether the microbiome could be manipulated 
therapeutically to improve HIV and liver outcomes. 
There is precedence in the use of rifaximin and 
lactulose to reduce encephalopathy in people with 
cirrhosis. Although probiotics and synbiotics have 
been studied in NAFLD, none has yet been convinc-
ingly translated into improving patient care.35

Prevention and Treatment of Liver Disease 
in People With HIV
Prevention and treatment of HIV-related liver dis- 
ease logically targets the underlying causes, begin-
ning with prevention and treatment of HIV itself. 
The clear medical benefits of PrEP shift the focus to 
implementation, overcoming barriers, and reach-
ing those at risk. Notably, prevention of disease 
need not be siloed. Harm-reduction strategies to 
reduce the risks of illicit drug use also prevent HCV 
and HIV infections. These benefits were observed 
in Scott County, Indiana, where changes in behav-
ior were reported after introduction of SSPs as part 
of the public health response to an HIV outbreak 
associated with shared injection paraphernalia 
among opioid users.36 Unfortunately, county of-
ficials ended the program in mid-2021, following 
ongoing local and national debate over providing 
such services.37

As mentioned, ART improves some drivers of 
liver disease and is indicated for all people with 
HIV. Individuals for whom specific components of 
ART clearly need to differ are those with HBV/HIV 
coinfection, for whom compounds that are also ac-
tive against HBV, such as tenofovir analogues, are 
recommended. This principle became especially 
relevant with the 2021 US Food and Drug Adminis-
tration (FDA) approval of a long-acting HIV regimen 
composed of cabotegravir and rilpivirine, which 
lacks activity against HBV. People with HIV should 
not be switched from a TDF-based regimen without 
knowledge of each individual’s HBV serostatus.38 
Similarly, a dolutegravir/lamivudine combination is 
not effective for long-term suppression of HBV,  as 
resistance emerges quickly when HBV is present. 
An additional recent consideration concerns the as-
sociation of marked steatosis with the weight gain 
that may accompany InSTI treatment. If confirmed, 
this association might justify switching people with 
NAFLD from an InSTI-based treatment to alterna-
tive regimens (eg, ritonavir boosted or darunavir 
based).39

Improved understanding of the immunopatho-
genesis of liver disease in people with HIV has yet 
to translate into HIV-specific treatments other than 
ART. Medical manipulation and restoration of the 
specific molecular pathways described earlier are 
theoretically possible; various potential approaches 
are shown in Figure 2. However, large, random-
ized clinical trials are still needed to establish their 
efficacy.

Beyond treatment of HIV, the current approach 
for preventing and treating liver disease in people 
with HIV is essentially the same as in those without 
HIV: reducing or eliminating alcohol ingestion, re-
ducing weight in people with high body mass 
index values, and updating vaccinations as needed 
to protect against other forms of liver disease like 
that related to HBV or hepatitis A virus. 

Since 2017, 2 new HBV vaccines have been 
approved by the FDA. The first was a 2-dose re- 
combinant, adjuvanted HBV vaccine that is more 
immunogenetic than historic recombinant vaccines 
and is undergoing testing in people with HIV in a  
large multicenter, multinational clinical trial. Single- 
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center retrospective results have been reported that 
suggest improved efficacy compared with older vac-
cine products.40,41 The second vaccine, approved in 
November 2021, is a recombinant hepatitis B vac-
cine that is composed of recombinant forms of 
surface and 2 larger presurface envelope proteins 
and is more immunogenetic than historic recombi-
nant vaccines when given in 3 doses.42 Studies in 
people with HIV are needed to determine whether 
these new products (1) overcome the lower re-
sponses to historic recombinant vaccines in people 
with HIV, and (2) permit revaccination with desirable 
responses among people who did not respond to 
older vaccine preparations. 

Although interferon alfa–based treatments for 
HCV originally differed for people coinfected with 
HIV, the current era of direct-acting antiviral (DAA) 
HCV therapies now provides similarly high efficacy 
and effectiveness for sustained virologic response 
in both groups.43 The same treatments are recom-
mended for HCV without regard for an individual’s 
HIV serostatus. With available DAA treatments, even 

liver transplantation outcomes are similar between 
people coinfected with HIV and those with HCV 
monoinfection.44 

Biopsychosocial Barriers and Responses
The prevention and treatment of liver disease in 
people with HIV are inhibited by the presence of nu-
merous barriers to care, some of which are intrinsic 
to this population and others that are more broadly 
distributed in the general population and thus im-
pact those with HIV as well. These barriers have 
their basis in socioeconomic and political processes 
that affect equal application of current scientific 
principles of prevention and care.45 Cultural and 
religious differences among people at risk also lead 
to imbalances in the application of interventions. 
For example, hepatitis and HIV harm-reduction pro-
grams, including SSPs and health-education and 
screening programs, are limited or not available 
in many jurisdictions in the United States, despite 
evidence from Australia and Europe that they reduce 

Figure 2. Schematic showing potential targets for decreasing liver injury (boxed text) that are not disease specific and 
may find application in people with HIV.54 Solid arrows indicate impact on disease pathogenesis; dotted arrows denote gut 
microbiome metabolite leakage into portal circulation. BCAA, branched-chain amino acid; CYP, cytochrome P450; FGF, 
fibroblast growth factor; FMT, fecal microbiota transplantation; FXR, farnesoid X receptor; LPS, lipopolysaccharide; SCFA, 
short-chain fatty acid; TLR, toll-like receptor.
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spread of chronic viral infections.46,47 Funding op-
portunities vary between state and local levels. Even 
use of Ryan White HIV/AIDS Program funds for HCV 
treatment is allowed only in some states for people 
coinfected with HIV. Rules for the use of DAAs vary 
by state as well, with some requiring evaluation by  
a subspecialist before prescriptions for treat- 
ment can be filled. Although liver transplantation 
has been shown with few caveats to be safe and 
efficacious for people with HIV, only a subset of 
transplant centers will consider this population for 
transplant.47,48

Comorbid psychiatric and behavioral disorders  
are common among people with HIV. Axis 1 disor-
ders may be present in nearly 50% of individuals 
with HIV.49 These disorders include psychiatric dis-
eases such as depression, bipolar disorder, and 
schizophrenia; behavior disorders like addictions; 
problems of endowment including personality and 
cognitive disorders; and problems of lived experi-
ences including poor coping, limited choices, and 
poverty. A complex interaction exists among factors 
that lead to HIV, systemic immune activation, and 
depression and other psychiatric manifestations of 
disease (Figure 3). 

Behavioral interventions appear to represent a 
key step in limiting the epidemic and managing 
individual patients. Implementing this step requires 

the development of integrated care systems that 
include medical, psychiatric, and substance-use 
expertise.50,51 Economic models suggest that this  
approach is cost-effective, but it requires investment 
and infrastructure, and sadly, implementation of 
such systems has been absent from most care ven-
ues. Randomized trials are needed to confirm the 
efficacy of these approaches.52

Research Agenda: 2022 and Beyond
A key deliverable from the 8th Biennial HIV and 
Liver Disease Conference was the identification of 
a research agenda encompassing near- and long-
term priorities for HIV and liver disease; a synthesis 
is presented herein. For HIV infection itself, targeted 
programs have been put in place as part of disease-
elimination plans in the United States, but ongoing 
assessments of their efficacy and adjustments of 
implementation methods are still needed. HIV and 
viral hepatitis continue to be spread via parenteral 
exposure. Syringe exchange service programs work 
as an element of risk reduction, but backsliding is 
observed in many parts of the country. Economic 
modeling and education are needed to provide 
information on the cost-effectiveness of SSPs and 
other early-intervention programs that limit disease 
transmission. 

Figure 3. Diagram summarizing the complex interplay between HIV infection and depression and other manifestations of 
psychiatric and behavior disease processes. (Diagram courtesy of Glenn Treisman, MD, PhD.) 
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Highly effective treatment regimens for HIV 
are readily available but are not curative and may 
engender adverse effects with long-term implica-
tions for liver disease. Additional research is clearly 
needed to clarify the role of InSTIs in weight gain  
and the linkage to NAFLD, NASH, and other com-
plications of metabolic syndrome. Up to 35% of 
people with HIV may have NAFLD, including NASH, 
yet data are limited regarding new treatment modal-
ities for NAFLD and NASH in this group, and many 
researchers are still using diagnostic modalities like 
ultrasound that lack both sensitivity and specificity 
for disease identification. Lean disease appears to 
be more prevalent than NAFLD and NASH in people 
with HIV and may have a different mechanism that 
requires different treatment. Despite many efforts 
to utilize large electronic medical record databases 
to study these issues, more refined and integrated 
tools to do so are needed. The use of International 
Classification of Diseases (ICD)-10 codes is at best a 
blunt instrument when trying to determine disease  
incidence and prevalence. 

Basic and translational science research continues 
to identify new pathways for liver injury and fibrosis 
(eg, hypoxia-inducible factor-1, yes-associated pro-
tein-1). These pathways represent potential new 
targets for therapeutic intervention. To this end, re-
sults of several clinical studies suggest a central role 
for chemokines as mediators of liver injury, stellate-
cell activation, and remodeling. Thus far, however, 
the results are mixed for blockade of receptors like 
CCR5 and CCR2, and whether this lack of clarity 
stems from efficacy or study design is unclear. 

Results of other studies point toward manipula-
tion of the microbiome as a promising intervention 
strategy, but progress is hindered by the lack of 
agreement on the best methods for identifying mi-
crobial populations as well as clearly defined risks of 
such manipulation. Data suggest that a conceptu-
ally simple idea like addressing food insecurity can 
impact the microbiome and reduce downstream 
hepatic injury by affecting translocation and macro-
phage activation. However, any beneficial strategies 
for changing diet would require an understanding 
of the economic and social drivers of dietary choice 
and lack of choice. 

Hepatic viral infections continue as ongoing 
sources of injury and progressive liver disease, even 
in 2022. HBV cure still seems remote despite the 
availability of valid targets and medications. Long-
standing definitions of treatment response need to 
be updated, and current measures used to define  
response require revalidation with newer endpoints 
or replacement with newer biomarkers. The ability to 
separate host-integrated HBV DNA from covalently 
closed circular DNA (cccDNA) remains a challenge 
and may be key to definitions of functional cure. 
HBV vaccination outcomes remain suboptimal. Stud-
ies are needed to identify optimal vaccine strategies, 
which may rely on newer vaccine products and bet-
ter population-based adherence to useful preventive 
vaccine regimens. Infection with HCV is now easily 
curable with DAAs, but new infections continue to 
occur, and men who have sex with men, with or 
without HIV infection, remain at high risk. An ef-
fective HCV vaccine is still elusive; development of 
new RNA vaccine technologies such as those used 
for SARS-CoV-2 may lead to development of new 
HCV vaccines. In addition, human challenge studies 
such as used for SARS-CoV-2, dengue, malaria, and 
other vaccines may promote HCV vaccine testing. 
Infection with HDV currently receives little attention 
but may emerge as a key issue with new treatment 
interventions approaching approval. However, avail-
ability of testing for HDV RNA is limited, and studies 
are needed to confirm the value of reflex-testing 
strategies following HBV detection. 

Long-acting treatments for HCV and HBV in-
fections may well transform their treatment and 
prevention, as they have for HIV. For HCV in particu-
lar, long-acting treatments might provide the ability 
to cure infection in a single encounter, opening the 
paradigm to test-and-cure public health approaches 
to elimination. In contrast, long-acting treatments 
for HBV infection might provide another “pill-free” 
option for maintaining treatment, especially useful 
when adherence is challenging. The dual activity of 
tenofovir against HIV and HBV makes development 
of those long-acting approaches of interest.

Although use of illicit drugs and high alcohol 
intake are known as key factors in the promotion 
and maintenance of HIV disease and viral hepatitis, 
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recent data suggest they have substantial direct ef-
fects on liver injury and fibrosis progression. Cocaine 
may promote fibrosis independently of its effects on 
HIV. Fentanyl and other opioids may increase viral 
loads of HCV and HIV and thus alter both disease 
epidemiology and clinical presentation in individu-
als with either or both infections. Studies of these 
cofactors are needed to further elucidate their roles 
in individuals who use drugs. 

The linkage between HIV infection and liver dis-
ease is multifactorial and remains a key driver of 
morbidity and mortality. Ongoing research in a vari-
ety of areas provides the opportunity to change the 
current landscape and improve the health of people 
with HIV.  �
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