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Among persons living with human immunodeficiency virus (HIV) infection, liver disease remains a major cause of morbidity

and mortality. While the etiologies are varied and often overlapping in the individual patient, the underlying mechanisms,

including oxidative stress, direct activation of stellate cells, HIV interaction with hepatocytes, and bacterial translocation with

systemic immune activation, seem to be unifying characteristics. Early and fully suppressive HIV antiretroviral therapy is a

mainstay of management either before or concurrent with treatment of etiologic cofactors, including hepatitis C virus, hepati-

tis B virus, and nonalcoholic fatty liver disease/nonalcoholic steatohepatitis. Significant barriers to care that still exist include

liver disease recognition, appropriate linkage to care, ongoing substance abuse, and psychiatric comorbidities in the HIV-

infected population. Emerging issues in these patients include acute and chronic hepatitis E, underreported hepatitis D, and a

rising incidence of hepatocellular carcinoma. (Hepatology Communications 2017;1:987-1001)

Introduction

A
lthough accelerated liver disease progression
in people infected with human immunodefi-
ciency virus (HIV) was first described during

the 1990s, it is only in recent years that we have begun
to understand the physiology, comorbidities, and biop-
sychosocial issues that contribute to altered rates of
hepatic injury and fibrosis in these patients (Fig. 1).
Improvements in treatment with regard to both regi-
men and timing have been associated with improved

outcomes. With the availability of increasingly effective
and safe antiretroviral regimens, patients with HIV
now have life expectancies that approach that of non-
HIV-infected individuals. However, many with HIV
infection remain unidentified, and a large subset of
those with known HIV infection remains persistently
HIV viremic. Infection is associated with immune acti-
vation, development of hepatic fibrosis, and rates of
hepatic decompensation that exceed decompensation
rates seen in hepatitis B virus (HBV) or hepatitis C
virus (HCV) monoinfection. Although increased
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numbers of HIV care providers have embraced provi-
sion of newer direct-acting antiviral (DAA) HCV
therapies, the linkage between hepatologists and those
managing individuals infected with HIV remains lim-
ited in most places. In 2006, the National Institutes of
Health and multiple industry partners supported an
international meeting aimed at bridging the gap
between disparate health professionals, researchers,
government regulators, and the pharmaceutical indus-
try to address key issues relevant to the development
and management of liver disease in those with HIV
infection. In September 2016, the Sixth Biennial HIV
and Liver Disease Conference was held in Moran,
Wyoming, to identify key issues in the field and to
provide expert updates on progress and trends in epi-
demiology, treatment, and management of current and
emerging liver disease in the unique HIV-infected
population. This report summarizes key information
presented at the meeting and provides a synthesis of
the significance of recent results and findings as it per-
tains to the research agenda and to care models for
managing liver disease in those with HIV.

Pathogenesis/Immunobiology
of Liver Disease in Patients
Infected with HIV
Whether caused by alcohol, HIV, HCV, HBV, or

other etiologies, the progression of liver fibrosis is
accelerated in individuals infected with HIV.(1-4) Mul-
tiple mechanisms have been proposed to explain why
and to ask the related question of to what extent anti-
retroviral therapy (ART) attenuates the risk. In a series
of elegant in vitro studies, Chung and coworkers(5,6)

showed that the HIV envelope stimulates greater
transforming growth factor-b1 production by
Huh7.5.1 cells and together with HCV enhances col-
lagen and tissue inhibitor of metalloproteinase-1 pro-
duction by stellate cells through the production of
reactive oxygen species. In addition, by developing a
coculture system, the group recently was able to dem-
onstrate that both HCV and HIV independently acti-
vate transforming growth factor-b1 signaling through
reactive oxygen species in both cell lines, and activation
of these profibrotic pathways was additive following
exposure to both viruses.(7) Expression of these profi-
brotic genes was significantly higher in the coculture
model compared to either cell type in monoculture,
suggesting an interaction and feedback mechanism
between Huh7.5.1 and LX2 cells. Thus, it appears
that HIV exacerbates a profibrogenic program in hepa-
tocyte and hepatic stellate cell lines, and this model is
at least relevant to HCV-related liver fibrosis progres-
sion (see Fig. 2).
In vivo, the situation is undoubtedly more complex

because HIV may affect other cell populations; for
example, HIV infects Kupffer cells.(8,9) Although HIV
infection has never been reconstituted with virus
derived from Kupffer cells, there is evidence the total
Kupffer cell density might be affected.(8) HIV also
appears to reduce the killing potential of intrahepatic

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Changing epidemiology of liver disease etiologies in
patients with HIV. Abbreviations: DILI, drug-induced liver
injury; IDU, intravenous drug users. (From Soriano et al., AIDS
Rev 2013;15:25-31. Reprinted with permission from Permanyer
Publications.)
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natural killer cells and may reduce the ability of clusters
of differentiation (CD)4 lymphocytes to restrain natu-
ral killer profibrotic signaling.(10,11) The extent to
which ART attenuates these mechanisms is difficult to
determine; however, clinical studies reveal residual
increased risk of liver fibrosis progression even among
those taking ART.
HBV is a noncytopathic virus, and pathogenesis is

largely immune mediated. When compared to con-
trols, HBV-specific T-cell responses to HBV peptides
in patients with chronic HBV (CHB) are suppressed
and expression of programmed cell death protein 1
(PD-1) is increased.(12) Restoration of T-cell responses
have been noted with blockade of PD-1 or cytotoxic T
lymphocyte antigen 4(12) and a decrease in HBV DNA
by nucleotides.(13) Of great interest, HBV-specific cell
responses do not appear to clearly distinguish between
patients with immune-active, immune-tolerant, and
inactive CHB phases.(12)

This is not surprising as CHB is a dynamic disease,
and others have shown that the phases may not be dis-
tinct virologically or immunologically.(14) Mason
showed varying levels of hepatitis B surface antigen even
in inactive disease and that recognition of specific HBV
peptides did not distinguish between phases.(15) This
diversity within phases was noted in a study of hepatitis
B surface antigen epitope changes in patients with hepa-
titis B e antigen-positive immune-active CHB during
treatment with tenofovir.(16) HBV-specific CD8 T-cell

cytokine responses to tumor necrosis factor a and
interferon-c were weaker in HBV/HIV-coinfected than
in HBV-monoinfected patients.(17) HIV further enhan-
ces T-cell exhaustion, and HIV coinfection is associated
with increased PD-1 and reduced CD28/CD127
expression in T cells.(18) Flares during immune reconsti-
tution were associated with increased plasma chemokine
(C-X-C motif) ligand 10 and soluble CD30 levels.(19)

While T cells are functionally suppressed in chronic
hepatitis B through multiple regulatory mechanisms,
HBV therapy and blockade of inhibitory pathways can
enhance antiviral T-cell responses. HIV coinfection fur-
ther provides immune dysregulation and suppression.
Highly active ART is associated with an immune recon-
stitution inflammatory response in HBV/HIV or
HCV/HIV coinfection. Following T-cell receptor
engagement, the activated T cell will proliferate, secrete
cytokines, and CD8 T cells will become cytotoxic.
However, after continued antigen stimulus, PD-1 is
expressed on the T cell and its ligand PD-L1 on the
antigen-presenting cell. This leads to T-cell inactivation
or exhaustion. T-cell function can be restored with anti-
bodies to PD-1 or PD-L1.
In addition to liver fibrosis, which is the dominant

expression of liver disease progression due to HCV
and HBV, fat can accumulate in the liver and be asso-
ciated with progressive inflammation and liver failure.
Fatty liver disease can occur with heavy alcohol use
(alcoholic liver disease; ALD) as well as without
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FIG. 2. Factors in liver disease
pathogenesis in HCV/HIV coin-
fection. HIV infection leads to
impaired immune response against
HCV, increased HCV replication,
hepatic inflammation and apoptosis,
increased microbial translocation
from the gastrointestinal tract, and
increased fibrosis. (From Chen
et al., Nat Rev Gastroenterol Hepa-
tol 2014;11:362-371.)
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(nonalcoholic fatty liver; NAFL). Certain early genera-
tion ART caused steatosis, and its diminished use was
associated with a reduction in steatosis.(20) Nonethe-
less, even with newer generation ART there appears to
be a growing risk of steatosis in individuals infected
with HIV and some suggestion of greater severity. For
example, one study compared 33 individuals with
NAFL plus infection with HIV and 33 with NAFL
but not infected with HIV.(21) HIV infection was
associated with more foci of lobular inflammation
and more acidophil bodies, leading to the disease-
associated diagnosis of nonalcoholic steatohepatitis
(NASH) in a greater proportion of persons.
One potential mechanism of promoting liver disease

that is common to alcohol and HIV is increased trans-
location of gut microbial content.(22,23) HIV infection
has also been associated with alterations in the gut
microbiome.(24) Thus, enhanced translocation of dif-
ferent microbial products might alter liver disease
pathogenesis. Lipopolysaccharide has been linked to
the pathogenesis of NASH and ALD by toll-like
receptor 4 stimulation, which enhances signaling
through myeloid differentiation protein 88 (NASH) or
TIR-domain-containing adapter-inducing interferon-
b (ALD) to activate the inflammasome. HIV (and
HCV) also activate the inflammasome and markedly
elevate serum interleukin-18 production.(25,26) The
extent to which these processes are synergistic and the
mechanisms are largely unknown; however, it is possi-
ble they explain some of the extrahepatic manifesta-
tions of liver disease (and these viral infections). For
example, cardiovascular disease incidence appears to be
increased with HIV and HCV infection as well as
nonalcoholic fatty liver disease (NAFLD),(27-29) and
macrophage activation has been linked to coronary and
carotid artery inflammation.(30,31) Clearly more work is
needed to disentangle these associations and particu-
larly to guide approaches to reducing the residual risk
of inflammation that appears to be present in persons
on long-term ART.

Epidemiology/Natural
History/Assessment
of Liver Disease in HIV

VIRAL HEPATITIS A, B, C, D, E

Consideration of liver disease in the HIV-infected
patient requires identification and characterization of

the multiple processes that may contribute to liver dis-
ease. Most significant are the viral hepatitides, which
can cause acute, acute-on-chronic, and chronic liver
injury with concomitant development and progression
of hepatic fibrosis. All forms of viral hepatitis demon-
strate increased overall prevalence in those with HIV.
Several recent studies now clearly demonstrate a diver-
gence of acquired immune deficiency syndrome
(AIDS)-related and non-AIDS-related causes of death
among individuals infected with HIV. In recent years,
persons dying of non-AIDS-related causes of death
are more frequently HIV virologically suppressed and
older. They are more likely to have cirrhosis, diabetes,
and other complications associated with both aging
and metabolic syndrome.(32)

Hepatitis A virus (HAV) is easily transmitted
among men who have sex with men (MSM) and less
frequently by injection drug use. Multiple outbreaks of
acute HAV among MSM have been reported.(33-35)

Modeling has suggested that a threshold level of 70%
immunity among sexually active MSM is needed to
break the transmission cycle.(36) This requires an active
immunization program in most developed countries as
rates of naturally acquired HAV have fallen due to
improved sanitation and water treatment methods.
Wider outbreaks in which the index case acquired
HAV by sex with men has been described and repre-
sents a change in the traditional epidemiologic patterns
of HAV spread prior to universal vaccination of chil-
dren in many countries.(37) Targeted vaccination for
HAV may result in lower protective antibody titers
than among those with natural infections.(38)

In the United States, approximately 8%-10% of
those with HIV infection have chronic HBV infection
as well. Historically, HBV has been an important etiol-
ogy for development of end-stage liver disease among
those with HIV infection, at least since the initiation
of the modern antiretroviral era (circa 1996). Despite
recommendations for universal vaccination since the
late 1990s, vaccine use remains suboptimal in this at-
risk group of patients. In France, 25% of a large HIV-
infected cohort (n 5 1,175) did not have serologic
markers of current or past HBV infection. Among this
group, 87.1% had never received vaccination for
HBV.(39) Even when HBV vaccination is provided,
vaccine responses are suboptimal among those with
concomitant HIV coinfection.(40) One study suggests
that the CD4/CD8 ratio can be used to predict those
with better responses. Those with a ratio >0.4 were
more likely to seroconvert.(41) Despite availability of
dual-active therapeutic agents that suppress both HBV
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and HIV, coinfection is associated with an increase in
liver-related death. This was well documented by Thio
and colleagues(42) in the Multicenter AIDS Cohort
study, where over 5,000 men were followed for more
than a decade. Liver-related mortality among HBV/
HIV-coinfected men was significantly greater com-
pared to those with either HIV or HBV monoinfec-
tion. Similar results were reported in the Data
Collection on Adverse Events of Anti-HIV Drugs
(D:A:D) study, with HBV/HIV coinfection being
associated with a 3.73 times increase in the relative risk
of death.(43) Some have argued that these studies did
not fully capture the effect of the widespread use of a
tenofovir-containing nucleoside/tide backbone. In the
North American AIDS Cohort Collaboration on
Research and Design study, patients were divided into
three time cohorts (1996-2000; 2001-2005; 2006-
2010) to examine the influence of changing ART pat-
terns on liver mortality. HBV coinfection was a key
contributor, and there was little change in incidence of
liver-associated death during any of the time periods
studied despite the emergence of widespread use of
tenofovir during the latter time periods. Surprisingly, a
high percentage (35%) of those with known HBV/
HIV coinfection was not receiving HBV-active
ART.(44)

Historically, the natural history of HCV/HIV coin-
fection was associated with an accelerated rate of liver
fibrosis with more rapid progression to cirrhosis.(45,46)

However, more recent studies suggest that rates of
fibrotic progression may be modulated by effective com-
bination ART (cART). In the Swiss HIV Cohort
study, patients with HCV who achieved sustained viro-
logical response (SVR) had much lower mortality than
either treatment failures or those not treated for
HCV.(47) In a large U.S. Department of Veterans
Affairs cohort, effective cART was associated with a
decrease in hepatic decompensation, but among patients
coinfected with HCV/HIV, the risk remained higher
than among those not coinfected.(48) A Canadian multi-
center cohort was assessed to determine if the class of
agent used as the anchor agent and backbone affected
fibrotic progression rates. Both protease inhibitor (PI)
and non-nucleoside reverse transcriptase inhibitor
(NNRTI) use was associated with increased progression
as measured by aspartate aminotransferase-to-platelet
ratio index over time. Among backbone agents, only
abacavir/ lamivudine regimens were associated with an
increase among HCV/HIV-coinfected patients.(49)

Hepatitis D virus (HDV) occurs only in the pres-
ence of active HBV infection. There is growing

evidence that HDV may be more common in areas
previously recognized as low risk than in prior years.
Gish and colleagues reported an 8% prevalence in Cal-
ifornia, but a significant proportion of this may have
been driven by immigration from high-risk areas.(50)

In Midwestern United States, a prevalence of over 3%
was identified, but the investigators also noted that
only a small subset of patients were screened for
HDV.(51) There are few seroprevalence or viral preva-
lence studies that focus on those with HIV infection.
In recent years, most newly diagnosed HDV in Europe
is among HIV-positive immigrants from HDV-
endemic regions.(52) Fibrotic progression in those with
HDV/HBV/HIV coinfection appears to be faster than
in non-HIV-infected persons.(53) In Spain, liver com-
plications and death attributable to HDV have become
more prominent as treatment for HCV and better
HBV control has decreased severe outcomes from
those etiologies.(54)

Hepatitis E virus (HEV) infection continues to be
an emerging issue in those with HIV infection. Hepa-
titis E acquisition appears to be more common in
those with HIV than other population groups. It is
associated with the presence of HCV, although the
epidemiologic linkage in terms of risk factors remains
unclear. In a longitudinal cohort of individuals
infected with HIV in southern Spain, the incidence
was 7.2 cases/100 patient years. Living in a rural envi-
ronment was more likely to lead to HEV seroconver-
sion.(55) The authors suggest that increased exposure
to wildlife, including wild boar and deer, could be a
factor. A seroprevalence study in South Africa re-
ported that genotype 3 was endemic with antibody
present in 27.9% of tested individuals, but no differ-
ence between those with and without HIV infection
was noted.(56) Pork/bacon consumption was associ-
ated with the presence of HEV antibodies. However,
other studies suggest increased prevalence in those
with HIV, which has been reviewed by Debes
et al.(57) Chronicity is reported, but its overall fre-
quency is poorly characterized. Kuniholm and col-
leagues(58) used a nucleic acid testing platform to
evaluate 2,919 samples, which included 2,606 women
infected with HIV, for HEV RNA. HEV viremia
was identified in three samples, and only one was
repeatedly positive at multiple time points. This
patient had CD4 counts greater than 200 cells/mm3.
Chronic HEV in the setting of HIV has been associ-
ated with progression of hepatic fibrosis to cirrhosis,
however, and should be considered as a cause of cryp-
togenic cirrhosis.(59)
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HEPATOXICITY

It is clear that hepatotoxicity related to the use of
antiretroviral agents has decreased in recent years. Inte-
grase inhibitors appear to have little or no intrinsic
hepatotoxicity. However, patients who were treated
previously with certain agents may continue to experi-
ence issues related to prior exposures. Data from the
D:A:D study were used to examine 319 individuals
infected with HIV who died of end-stage liver disease
or developed hepatocellular carcinoma (HCC) over a
median follow-up time of 8.4 years. After adjustment
for confounders, there was a significant association
with severe liver outcomes among those with the great-
est cumulative exposure to stavudine (Zerit), didano-
sine, or tenofovir disoproxil fumarate (TDF).(60) These
outcomes include noncirrhotic portal hypertension,
which has been strongly associated with the use of
didanosine.(61,62)

NASH

Both HIV and cART may increase the risk for
fatty liver. Evaluation of fatty liver in the Multicenter
AIDS Cohort study identified 254 HIV-uninfected
and 265 HIV-infected patients. Most of the patients
infected with HIV were on cART. The overall pre-
valence of fatty liver, as determined by noncontrast
computed tomography evaluation of the liver and
spleen attenuation, was 19% in the HIV-uninfected
and only 13% in the HIV-positive patients (P 5

0.002). The homeostasis model assessment of insulin
resistance, which indicates the presence of insulin
resistance, was higher in men infected with HIV
compared to controls (P 5 0.007). Cumulative expo-
sure to dideoxynucleotide analogs was the only key
risk factor identified for fatty liver in the HIV-
positive population.(63) A flaw of this study and others
is the failure to distinguish liver fat from the presence
of NASH. Because diagnosis of NASH requires a
liver biopsy, few studies in individuals infected with
HIV have evaluated NASH prevalence. Sterling
et al.(64) identified subjects without viral hepatitis,
known alcohol abuse, or diabetes who had persistent
alanine aminotransferase abnormalities for longer than
6 months. Using liver histology as the gold standard,
NAFLD was identified in 65% of patients and 25%
met criteria for NASH. Morse et al.(65) used similar
criteria for patient selection and found NAFLD in
73% with 55% having NASH.

HEPATOCELLULAR CARCINOMA

Both the incidence and prevalence of HCC appears
to be increasing in patients with HIV infection.(66,67)

The increase in HCC may represent a complex mix of
altered natural history changing epidemiology and
ascertainment bias. During the early decades of the
HIV epidemic, premature mortality due to HIV-
associated opportunistic infections limited the risk of
HCC development, which typically occurs over a
period of years. Recent studies suggest that HCC may
be more aggressive in terms of both doubling time and
invasiveness in those with HIV infection.(68) Finally,
the diagnosis of liver cancer in persons with HIV fre-
quently was not reported on death certificates because
HIV providers were less familiar with the definitive
diagnosis of this entity.

HIV Treatment

WHEN TO TREAT

Liver disease no longer affects the decision regarding
when HIV is treated because ART is indicated in all
individuals infected with HIV. The benefits of cART
outweigh the risks in every patient group and setting
that has been carefully studied. The largest and most
impactful was the Strategic Timing of Antiretroviral
Treatment study, which randomized HIV-infected
treatment-naive individuals with CD4 lymphocyte
counts above 500 cells/mm3 to immediate ART (n 5

2,326) versus deferred ART (n 5 2,359).(69) The risks
of both AIDS- and non-AIDS-defining events were
lower in the immediate ART group. There were rela-
tively few individuals in the study with HBV (2.8%) or
HCV (3.7%) infections. However, overall fibrosis-4
scores were less likely to rise >1.45 in those in the
immediate compared to delayed ART groups, an effect
that was evident 12 months after randomization and
was persistent for 60 months.(70) Thus, underlying
liver disease caused by HCV, HBV, alcohol, or another
condition is an additional reason to treat all individuals
infected with HIV as soon as possible.
HIV identification and linkage to care remain prob-

lematic in the United States. New HIV cases continue
to occur, and the lifetime risk of HIV infection
remains exceptionally high in some racial and ethnic
groups (Fig. 3). Up to 25% of those with HIV are
undiagnosed.(71) A recent analysis suggests that it takes
approximately 3.1 months following HIV diagnosis to
link to care and 8% are lost to care linkage at that
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stage. Those in care do not achieve HIV viral suppres-
sion for at least 1 year.(72) For those in care, simplified
one-pill regimens improve adherence and outcomes.

WHAT TO START

Liver disease may affect how HIV is treated (see
Table 1). As discussed in detail below for persons with
HBV coinfection, use of cART that is active against

both viruses is recommended. For individuals coin-
fected with HCV/HIV, it is prudent to anticipate the
drug interaction that might occur when HCV treat-
ment commences. In one study, a high proportion of
patients required an alteration in their antiretroviral
regimen prior to HCV treatment.(73) In the rare
instance in which serious drug interactions cannot be
managed and the person has a CD4 lymphocyte count
>500 cells/mm3, some experts would withhold ART

TABLE 1. CHRONIC VIRAL HEPATITIS TREATMENT GUIDANCE IN HIV-COINFECTED PATIENTS
Viral Coinfection Preferred Regimens and Cautions

Hepatitis B � Start two HBV-active agents simultaneously with cART. Dual activity agents preferred
� If unable to use tenofovir, use entecavir in conjunction with cART

Hepatitis C � Treat using same regimen as recommended for HCV monoinfection
� Short duration (8-week) regimen use limited
� Beware of drug–drug interactions
� Modify cART to match DAA regimen
� If cART cannot be modified, sofosbuvir and daclatasvir are compatible with most DAA regimens

Hepatitis D � No effective treatment options. Consider pegylated interferon use

Hepatitis E � Use ribavirin for a 12-week course
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FIG. 3. Lifetime risk of HIV diagnosis.
(A) By age and sex, United States. (From
Hess et al., Ann Epidemiol 2017:27:238-
243. Reprinted with permission.) (B) By
race/ethnicity. (Source: Centers for Dis-
ease Control and Prevention. 2016 Con-
ference on Retroviruses and Opportunistic
Infections. https://www.cdc.gov/nchhstp/
newsroom/2016/croi-2016.html.)
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for 12 weeks to treat HCV first. For persons with
decompensated cirrhosis (Childs B or C), there are few
data and some concern regarding use of currently
approved PI regimens. American Association for the
Study of Liver Diseases (AASLD)/Infectious Diseases
Society of America (IDSA) HCV guidance suggests
that until further data are available, elbasvir/grazoprevir
use is not recommended in patients with decompen-
sated cirrhosis. Other HCV PI-based regimens are
also not approved for treatment of this group
(AASLD/IDSA HCV Guidance, www.hcvguidelines.
org; accessed August 17, 2017).

CONSIDERATIONS WHEN
STARTING

There are emerging and, as of March 2017, unpub-
lished data that might affect the optimal cART selec-
tion for patients with significant steatosis. One study
randomized individuals who were on an efavirenz-
containing regimen to maintain (n 5 18) or switch
(n 5 19) to raltegravir.(74) Elastography with con-
trolled attenuation parameter (CAP) was performed
before and after the randomization. The median (Q1-
Q3) of the difference in CAP values between baseline
and 48 weeks was –20 (range, –67, 15) dB/m for the
raltegravir group and 28.5 (–18.8, 47.8) dB/m for the
efavirenz group (P 5 0.019). A related study examined
37 women with lipohypertrophy and well-controlled
HIV infection on NNRTI- or PI-based regimens who
were randomized to immediate versus delayed (24
weeks) switch to raltegravir.(75) Adiponectin and
chitinase-3-like protein 1 (also known as YKL 40) lev-
els decreased more in women who switched to ralte-
gravir immediately compared to those continuing
NNRTI- or PI-based ART. While these data are very
preliminary, they underscore a possible nuance in
the approach to ART among persons with hepatic
steatosis.

Management of HCV/HIV
In clinical trials, individuals coinfected with HCV/

HIV respond extremely well to direct-acting anti-
HCV treatment. However, reports from real-life set-
tings have suggested that the validity of phase 3 results
should be confirmed in real-world settings. Saeed and
coworkers(76) reported that most patients in the Cana-
dian Coinfection cohort would have been excluded
from registration trials due to ART (63%-79%) or
active illicit drug use (53%-55%). Thus, it is notable

that high SVR rates are also being reported in real-
world settings. For example, Bhattacharya and cow-
orkers(77) describe the experience of 996 consecutive
HCV/HIV-coinfected U.S. veterans with genotype 1
HCV infection who were treated with ledipasvir/so-
fosbuvir (n 5 757), ledipasvir/sofosbuvir and ribavirin
(n 5 138), ombitasvir/ paritaprevir/ritonavir plus dasa-
buvir (n 5 28), or ombitasvir/ paritaprevir/ritonavir
plus dasabuvir and ribavirin (n 5 73). Overall SVR was
90.9%, which was lower in those with cirrhosis (85.9%)
compared to those without cirrhosis (92.4%). In a
French HCV/HIV cohort, an overall SVR rate of 93%
was reported with no difference among those with cir-
rhosis.(78) Similarly high real-world rates of SVR have
been described elsewhere, making drug interactions the
main clinical issue with HCV treatment.

Management of HBV/HIV
Patients who are coinfected with HBV and HIV

should receive ART regardless of HBV DNA and
serum alanine aminotransferase levels . ART should
contain tenofovir-based therapy (TDF or tenofovir ala-
fenamide fumarate [TAF]) as lamivudine is insuffi-
cient as monotherapy (U.S. Department of Health and
Human Services guidelines https://aidsinfo.nih.gov/
guidelines/html/4/adult-and-adolescent-oi-prevention-
and-treatment-guidelines/344/hbv). The availability of
TAF has increased the accessibility of tenofovir-based
regimens to those at risk of nephrotoxicity and those
with significant bone disease. The switch from TDF to
TAF can be accomplished successfully with improve-
ment in creatinine clearance and bone mineral den-
sity.(79,80) For those with creatinine clearance from 30-
59 mL/minute, TAF is preferred and has been shown
to control both HIV and HBV infections.(79,80) A
recent meta-analysis of 10 randomized controlled trials
comparing TDF and TAF did not show a difference in
treatment efficacy, resistance, or adverse events between
the two drugs. TAF showed significantly better bone
mineral density and less renal toxicity but higher lipid
levels. In fact, in the TAF arms there was higher use of
lipid-lowering agents.(81) TAF is not recommended for
those with creatinine clearance <30 mL/minute. For
these patients, either dose-adjusted TDF or entecavir
can be used. If a patient coinfected with HBV/HIV
requires a non-TDF non-TAF regimen, then entecavir
should be added as lamivudine is not sufficient as the
sole HBV medication due to the high rate of resistance
to HBV that develops.(82)
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With regard to vaccination, current guidelines rec-
ommend that all patients infected with HIV and sus-
ceptible to HBV should receive hepatitis B vaccination
or combination hepatitis A and hepatitis B vaccina-
tion, but the response rates are lower than in HIV-
negative persons. The response rate increases with bet-
ter HIV control (higher CD4 and lower HIV viral
load).(83) Ideally, CD4 counts should be >350 mm3,
but vaccination should not be delayed because of lower
CD4 counts. Antibodies to hepatitis B surface antigen
should be checked 1 month after completion of the
vaccine series to determine immunity. Numerous
strategies have been undertaken to increase vaccine
response rates, including increasing the number of
doses or double-dose vaccine with some success.(84-86)

Addition of adjuvants has not shown higher effi-
cacy.(86) The Swiss cohort found that tenofovir-based
cART therapy decreased incident HBV infection in
susceptible individuals infected with HIV who had not
developed protective antibodies to hepatitis B surface
antigen after vaccination. This effect was independent
of CD4 cell count and high-risk behavior, showing
that pre-exposure prophylaxis for HBV coinfection
may be of benefit in individuals infected with HIV.(87)

Management of HIV
and HCC
There is increasing prevalence of HCC with longer

lifespan of patients with HIV and viral hepatitis,
alcohol, or fatty liver disease. HCV/HIV-coinfected
patients have a 23-fold higher prevalence of HCC
than HCV alone.(88) It is critical to diagnose cirrhosis
in patients with HIV so that screening can be per-
formed in these high-risk individuals. This appears
even more important than screening individuals with-
out cirrhosis, who have a lower prevalence and inci-
dence of HCC.
Prospective studies of HCC surveillance have shown

that screening every 6 months improves survival as this
interval of screening has the highest ability to success-
fully treat the tumor. Unfortunately, less than one third
of patients with cirrhosis in Europe and the United
States are screened every 6 months, despite guidelines
from the United States, European, and Asian-Pacific
societies.(89,90) This is also true of patients coinfected
with HIV, with survival and successful therapy ad-
versely affected by lack of appropriate screening.(91)

Some studies have found that HCC in patients coin-
fected with HIV is more likely to be infiltrative and

have portal vein invasion with multifocal HCC, all fac-
tors leading to worse survival.(92) Screening for early
diagnosis allows patients to have access to locoregional
therapy and liver transplantation. The outcome of
HCC in patients with HIV is affected by the absence
of surveillance, the failure of detection, delay in follow-
up, poor HIV status, and perhaps HIV immune dysre-
gulation. It may be that HIV subjects with immune
dysregulation have a different biology of HCC with
different gene signatures associated with a faster dou-
bling time. It has been suggested that poorer HIV sta-
tus may be associated with worse HCC biology. These
issues need further investigation. Although guidelines
do not currently recommend surveillance of all HIV-
infected patients for assessment of underlying hepatic
fibrosis, studies in this regard may be useful and indi-
cated. Use of noninvasive screening strategies may
allow earlier identification of patients at risk. Clearly
more needs to be done to ensure appropriate screening
of all patients with cirrhosis and HCV/HIV patients
with liver fibrosis stage F3/4 before expanding screen-
ing of all patients with HIV and viral hepatitis.

Issues in Access to Care
While all HCV/HIV-infected patients are candi-

dates for therapy, there are significant barriers to access
to care and treatment in the United States and world-
wide. New models that focus on delivering care in
HIV settings with multidisciplinary collaboration, in-
cluding hepatology teams, are becoming popular as a
more efficient way to improve HCV treatment uptake
among patients infected with HIV. Similar to HIV
care, care pathways for the patient with HCV can be
developed to determine if the patient is ready for treat-
ment, including issues that might impact adherence,
such as substance use, psychiatric comorbidity, harm
reduction strategies, unstable housing, and inadequate
insurance. Clinics providing HIV care can also provide
HCV care with prepared checklists useful for initial
evaluation and prior authorizations and templates use-
ful for notes and patient teaching. Access to pharmacy
support is invaluable for DAA treatment choice, but if
not available, the IDSA/AASLD guidelines website
www.hcvguidelines.org or the University of Liverpool
website www.hep-druginteractions.org will highlight
known drug–drug interactions and facilitate choices of
antiretroviral regimens in those with HCV/HIV coin-
fection. Because drug–drug interactions are of major
importance in treating HCV in patients with HIV, the
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AASLD/IDSA guidelines should be used to provide the
most current up-to-date information on DAAs and dida-
nosines. Providers need to be able to diagnose cirrhosis
with readily available clinical algorithms (aspartate
aminotransferase-to-platelet ratio index and fibrosis-4) or
transient elastography.(93) If a patient has decompensated
cirrhosis, they should be cared for by a hepatologist and
evaluated for possible liver transplantation. Patients with
cirrhosis require upper endoscopy to assess for varices,
imaging every 6 months, and alpha fetoprotein to assess
for HCC as well as regular determination of Model for
End-Stage Liver Disease and Child-Turcotte-Pugh
scores. The ASCEND study (A Study of Cardiovascular
Events iN Diabetes) evaluated the efficacy and safety of
HCV treatment of 600 black patients at two urban health
centers, managed by three community-based provider
types: specialist, primary care physician (PCP), or nurse
practitioner (NP). They found no difference in SVR
between providers, although there was a trend toward
better adherence with NPs and PCPs.(94) This shows
that HCV therapy can be expanded and scaled up to
include NPs and PCPs, thus bridging gaps in the HCV
care continuum. They also found no difference in adher-
ence and SVR between HCV/HIV-coinfected and
HCV-monoinfected patients. Cachay et al.(95) examined
an HIV primary care model versus a hepatology-based
model and found increased uptake with similar outcomes
following use of the HIV primary care providers.
Another group with significant barriers to care

includes correctional populations.(96) The United
States has 25% of the world’s prison population, 2.2
million prisoners, and another 4.8 million under com-
munity corrections. The prevalence of HCV varies by
state and by prison or jail, with some facilities testing
all inmates and other short-term facilities not testing
or linking to care.(97) However, linkage to care and
treatment are feasible in correctional facilities, but it is
often not feasible when prisoners are released as they
may lack ongoing access to care.

Alcohol, Drugs,
Psychiatric Issues
In the United States and elsewhere, patients with

HIV infection are more likely to have behavioral issues
and psychiatric diagnoses that measurably contribute to
liver injury. Behavioral issues include misuse of alcohol
and the use of recreational substances that may increase
risk of liver injury either directly or through increased
risk of parenteral exposure to infectious agents. The

prevalence of hazardous or unhealthy alcohol use
among persons living with HIV infection varies by
cohort study and the definitions used for alcohol mis-
use. The Center for AIDS Research Network of Inte-
grated Clinical Systems study included seven sites and
over 12,000 patients. Of these, 17% had Alcohol Use
Disorder Identification Test for Consumption
(AUDIT-C) scores �4 in women and �5 in men.(98)

The Veterans Aging Cohort study included 18,145 vet-
erans and found that 24% had an AUDIT-C score of
�4.(99) In the women’s interagency HIV study, 14% to
24% of 2,770 women met the definition for hazardous
unhealthy use. Interestingly, excess alcohol use is asso-
ciated with an increased risk of HIV acquisition.(100)

This is attributable in part to an increased risk of
unprotected sex associated with alcohol misuse.(101)

Many studies demonstrate an association between alco-
hol use and level of adherence with ARTs; therefore, it
is not surprising that alcohol use is also a predictor of
liver disease progression in those with HIV infec-
tion.(102) Despite these facts, most healthcare providers
managing those with HIV do not use formal instru-
ments to evaluate alcohol use and misuse, although
most indicate they do ask patients about alcohol.(103)

Biomarkers, including ethylglucuronide, have been
used as a tool to evaluate alcohol use.(104) This modality
should be studied further in individuals infected with
HIV as recent studies suggest that alcohol screening
questionnaires may underestimate alcohol use.(105)

Both counseling interventions as well as the use of
pharmacologic therapies can be useful in reducing alco-
hol consumption and relapse following periods of
abstinence.
Similar to alcohol, substance abuse is also a risk fac-

tor for the transmission of HIV and HCV infections;
however, some agents used as recreational drugs specif-
ically affect hepatic fibrosis. One of these is cocaine,
which appears to increase rates of liver fibrosis.
Cocaine appears to provide specific activation of profi-
brogenic cytokines, which increase levels of intrahe-
patic interferon-c and tumor necrosis factor a.(106)

Cocaine use also increases hepatic apoptosis and oxida-
tive stress.(107)

Research Agenda
The last decade has seen tremendous progress in

terms of our understanding and management of liver
disease in the patient infected with HIV. However,
many issues identified by experts in the field remain
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poorly understood in terms of pathophysiology or are
suboptimally managed in lieu of high-quality data
derived from well-designed clinical trials. We continue
to see changing patterns of HIV risk. The risk of new
HIV infections in portions of the United States is equiv-
alent to or greater than that seen in sub-Saharan Africa.
Compounding this is a new epidemic of injection drug
use that is driving a significant increase in new cases of
hepatitis C infection. In one community in Scott
County, Indiana, the concomitant introduction of HIV
led to a severe, albeit limited, epidemic.(108) Concern
that other localized HIV epidemics might also appear in
areas of high injection drug use highlights the need for
increased epidemiologic surveillance as well as additional
studies that support the theoretical rationales for disease
prevention using harm reduction techniques.(109) These
include but are not limited to treatment as prevention of
HCV and HIV and pre-exposure prophylaxis hepatitis
B as well as HIV. While needle exchange programs have
been shown to be a useful adjunct in some epidemiologic
settings, the unique and evolving nature of the current
heroine epidemic in parts of the United States requires
careful study of the effect of these interventions in that
population and perhaps modification in limitation meth-
ods. Certain disease processes appear to be persistently
underdiagnosed in the HIV-infected population. These
include hepatitis D, hepatitis E, and occult hepatitis B.
Both education and application of implementation sci-
ence methods will be needed to improve diagnostic out-
comes. Recognition and understanding of NASH
remains limited among HIV care providers. Although
there is growing recognition of the prevalence of fatty
liver disease, additional development of noninvasive bio-
markers with high degrees of sensitivity and specificity
for NASH in the HIV-infected population is impera-
tive. Immune activation, which results from gut leakage
soon after acute HIV infection, remains an ongoing issue
as related to liver injury even after the effective use of
antiretroviral agents. Increased endotoxin entering the
liver through the portal system activates a cascade of
immunologic responses with outcomes that include stel-
late cell activation and hepatic fibrosis. There is increased
interest in antifibrotic agents, which may be particularly
relevant in those with HIV infection. However, research
strategies that mitigate translocation in the patient
infected with HIV remain limited and should be
explored. While we have excellent suppressive therapies
for hepatitis B that are well integrated in combination
antiretroviral treatment regimens, the achievement of a
functional cure for hepatitis B remains elusive. Some
strategies under investigation, including the development

of antibodies against checkpoint inhibitors, are promis-
ing for the treatment of both hepatitis B and HIV infec-
tions. However, at this time we remain at the proof of
concept stage of development, and concerns about safety
with regard to the development of autoimmune disease
processes are significant in some quarters. It is clear that
effective hepatitis B vaccination in HIV remains an elu-
sive goal as well. The combination of a suboptimal vac-
cine response with ongoing risk behavior requires
research into either new adjuvant therapies or improved
primary vaccination strategies. The evolution in hepatitis
C treatment has been dramatic, and the successes of
direct-acting agents have not bypassed those with HCV/
HIV coinfection. However, additional research into
shorter duration therapies and improved management
for those with acute HCV infection is indicated. The
use of alternate forms of drug administration, including
long-acting depot preparations, may help to reduce bar-
riers to care in both resource-limited settings and under-
served populations with HIV infection. Continued
research into the development of a hepatitis C vaccine is
imperative. It is unlikely that we can treat our way to
hepatitis C eradication without a prevention strategy.
Finally, we look forward to research that includes a recal-
ibration of biomarkers, including transient elastography,
following hepatitis C cure. There is an ongoing evolu-
tion in treatment strategies for those using alcohol and
injection drugs. These problems are complex and will
require a multidisciplinary approach that incorporates
concepts of social science, political science, and medical
science. Many of these issues have been addressed in a
recent publication of the National Academies of Scien-
ces, Engineering, and Medicine that was released in
March 2017 (www.nationalacademies.org/HepatitisEli-
mination). Continued investment in the research agenda
is needed to build on improvements in both the quality
of life and the life expectancy of the individual infected
with HIV.
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