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Abstract – Combined Antiretroviral therapy altered the natural history of Human Immunodeficiency Virus (HIV) infection, leading to a substantial decline in morbidity and mortality of patients
living with HIV. Due to the shared transmission routes, co-infection with HBV and HIV is not uncommon, especially in those patients with similar socioeconomic vulnerabilities and psycho-social conditions. HBV is a known cause of HCC even in absence of cirrhosis, and HIV-HBV-coinfected patients
may have faster progression of hepatic fibrosis and a higher risk of cirrhosis and consequently HCC.
In this article we review the epidemiology, the etiology, the role of coinfection HIV/HBV in the
pathogenesis of liver cancer, the management and prevention of HBV infection in HIV-infected patients in the era of combined antiretroviral treatment.
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INTRODUCTION
Combined Antiretroviral therapy (cART) altered the
natural history of Human Immunodeficiency Virus
(HIV) infection, leading to a substantial decline in
morbidity and mortality of patients living with HIV
(PLWH). Moreover, causes of death changed, shifting from AIDS-defining pathologies to non-AIDS
defining pathologies1-13.
Among the non-AIDS defining pathologies,
cancers (NADCs) are the most frequent cause of
morbidity and mortality in PLWH14-25. Virus-related
hepatocellular carcinoma (HCC) is especially important26. We already discussed elsewhere HCV-re-

lated HCC in PLWH, and we will focus here on
HBV-related HCC27.
Hepatitis B virus (HBV) infection is highly accountable for chronic hepatitis, liver cirrhosis and
HCC all over the world28. Moreover, HBV co-infection in PLWH is associated with a decreased
lifespan, an increased risk of progression of chronic liver disease and hepatotoxicity associated with
HAART29,30.
HBV causes an acute infection eliciting a rapid
immune response, which in adults habitually ends
in protective immunity as an acute self-limited infection, while in infants and children it more often
becomes a chronic one28,31.
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Due to the shared transmission routes, co-infection with HBV and HIV is not uncommon, especially in those patients with similar socioeconomic
vulnerabilities and psycho-social conditions (i.e.
mental illness, drug use, alcohol use, homelessness)28,30. Nonetheless, the introduction of antiretrovirals (ARVs) active also against HBV led to improvements in outcomes of this co-infection32.
In this article we review the epidemiology, the
etiology, the role of coinfection HIV/HBV in the
pathogenesis of liver cancer, the management and
prevention of HBV infection in HIV-infected patients in the era of cART.

EPIDEMIOLOGY
Globally, HBV incidence is 10 times higher than
HIV29. However, among the estimated 40 million individuals infected with HIV worldwide, only about
6-14% is reportedly affected by a chronic HBV infection33-35. About one sixth of the mortality related to a liver disorder in PLWH is caused by HBV
co-infection29.
Although being more prevalent in low-income
areas, such as Sub-Saharan Africa and South-East
Asia, HBV infection affects a significant part of
the population in North America and Western Europe30,31. Last data presented by World Health Organization (WHO) states that the prevalence is
higher in the Western Pacific Region (6.2 %), which
includes 37 countries, among which China, Japan,
Malaysia, Philippines and Viet Nam, and the African Region (6.1%)36. The Eastern Mediterranean
Region, the South-East Asia Region and the European Region have, respectively, a prevalence of 3.3
%, 2.0 % and 1.6 %36. America has the lowest prevalence rate, 0.7 %36. Ten different genotypes have
been identified. Curiously, different regions have a
different distribution of HBV genotypes37. As a matter of fact, genotype A is more frequently found in
Africa, India, Europe and America; genotype B and
C in Pacific regions of Asia; genotype D is prevalent
in India, Africa, Mediterranean regions and Europe;
genotype E is only retrieved in West Africa, while
F is characteristic of South and Central Americas.
Genotype I and J are also predominant in the Pacific
regions of Asia (Viet Nam and Japan, respectively)37.
In high-income low-prevalence areas such as
Western Europe, North America and Australia,
HBV infection is usually acquired during adulthood28,31. According to a study by McKee et al31,
injection drug users (IDUs) and men who have sex
with men (MSMs) are at high risk for co-infection
with HIV and HBV. However, a study by Sharma
et al30 showed that also heterosexual contact can
be an important transmission route. The difference
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between the two studies is in the setting. While
McKee works in a high-income setting, such as the
Canadian British Columbia, Sharma’s research is
set in a low-income area, India29,30. As a matter of
fact, in low-income countries most HBV infections
occur during early childhood by vertical transmission, close contact, medical procedures or cultural customs31,35,38. Moreover, the majority of HIVHBV co-infected individuals are in the 31-40 age
group29,39.
The shared transmission routes between HIV
and HBV mentioned earlier can be referred as a syndemic. Risk behaviors for HIV-HBV co-infection
not necessarily correlate with poverty in a high-income area30.
A possible situation increasing the prevalence of
HIV-HBV co-infection is the occult HBV infection,
defined as the presence of HBV-DNA in serum or
liver despite the absence of Hepatitis B surface Antigen (HBsAg). Such condition can be only diagnosed
by testing for HBV-DNA, but the cost of this test
is too high to even think to screen for occult HBV
infection40. Moreover, occult HBV infection is more
frequent in older patients41. However, HBV infection can be suspected in the presence of Hepatitis B
core Antibody (HBcAb) associated with a negative
HBsAg. A recent study by Hyun et al42 studied the
prevalence of isolated HBcAb prevalence in an endemic population. They show that within the Korean
American sub-population, the prevalence of isolated
HBcAb positivity is 10.8 %42. However, they did not
measure HBV-DNA levels in positive individuals;
therefore, it was not possible to determine the exact occult HBV infection prevalence42. In a recent
study, Majzoobi et al43 showed that in a population
of HIV infected people, the 46.6% showed an isolated HBcAb positivity, but none of those patients
had detectable HBV-DNA levels. However, another
recent study by Bivigou-Mboumba et al44, showed
that in a HIV-infected population screened for HBV
co-infection, 35 % of the patients showing an isolated HBcAb positivity had a detectable HBV-DNA.
Considering only primary liver cancers, HCC
is the most prevalent. It accounts for about 90% of
them. It is the fifth most common cancer in men
worldwide and the seventh among women. With
more than 700,000 new cases and over 600,000
deaths per year, it represents 9.2% of all new diagnosis of cancer worldwide (7.9% in men; 3.7% in women) and it is the second leading cause of cancer-related death, exceeded only by lung cancers28,29,32. The
high male to female ratio is thought to be linked to
the fact that HBV infection occurs more frequently
in men than women and that HCC is thought to be a
hormone-responsive cancer41. In support of this hypothesis there is the fact that HCC is more frequent
in women older than 65 years41.

HBV RELATED CANCER IN PLWH

Geographical distribution of HCC is highly
variable. In middle and low-income countries, it is
more frequently diagnosed than in developed ones.
Moreover, HCC distribution traces endemic areas
for HBV infection32,36. Despite the significant improvements in HBV viral control, obtained with
the inclusion of tenofovir in ART regimens, overall
mortality, liver related mortality, hospital utilization
rates and risk of HCC are still elevated in HIV-HBV
co-infected individuals33. In a study by Moore et
al45, HCC is shown to be associated to HCV rather
than HBV with a 2:1 ratio.

mutations of the pre-core region. These mutants are
not able to secrete HBeAg. In addition, they are able
to replicate at high levels for long periods, leading
to an enhanced necro-inflammatory activity in the
liver33. Other mutants are instead associated with a
higher risk of HCC onset33. Moreover, in a study by
Choi et al49, reverse transcriptase mutations spontaneously occurring have been associated with an
increased rate of potential antiviral drug resistance
and liver disease progression.

HEPATITIS B VIRUS: LIFE CYCLE AND
DIAGNOSIS OF THE INFECTION

An HBsAg qualitative dosing test is sufficient to diagnose an HBV infection.
Quantification of HBsAg has been used as a
proxy for predicting more active phases of chronic HBV infection and severe liver-related disease50.
The same technique is used in HIV-HBV co-infected patients to predict HBsAg plasma clearance. A
progressively decreasing HBsAg is, as a matter of
fact, a good prognostic factor for liver disease, while
persistently high levels of HBsAg are associated
with a higher risk of HCC onset in untreated infection33,49. Boyd et al50 showed that quantitation of HBsAg and HBV-DNA are influenced by the presence
of S-gene mutations (MUPIQHs) already present
before the beginning of ART. However, these mutations are not related to the co-infection with HIV, do
not influence the response to the treatment and are
generally not selected by the treatment49. Moreover,
HIV-related immune suppression seems to have a
protective role against MUPIQHs49.
Dinesha et al40 proposed a method of pooled Nucleic Acid Testing (NAT) to screen co-infected patients for occult HBV infection. Applying a method
already studied for other infectious diseases, they
showed that in a high prevalence area, at least 10%
of the HBV-infections in PLWH is not diagnosed
because of a negative HBsAg40.

HBV is a small encapsulated DNA virus belonging
to the family of hepadnaviridae46. It is a non-cytopathic virus, and liver damage in its presence is
caused by a dysregulated immune response47.
Eight genotypes, A to H, which have separate
geographic distribution, are described36,46.
HBV virion, known as Dane particle, is spherical. A double walled structure with a lipid envelope covered in HBsAg surrounds the nucleocapsid.
Nucleocapsid consists of hepatitis B core antigen
(HBcAg), which is complexed with a virally encoded polymerase and the viral DNA. HBV genome
is 3.2 kb in size and is made up of a partially double-stranded circular DNA41. HBV entire life cycle
happens in hepatocytes. After entering the cell and
the nucleus, HBV-DNA is released as a relaxed circular (rc) DNA which is converted in a covalently closed circular (ccc) DNA chromosome33. This
structure, cccDNA, is able to persist for a long time
and represents the main barrier to clearance of the
virus33,48.
cccDNA encodes the core proteins, HBcAg and
its soluble form Hepatitis B e Antigen (HBeAg),
and the envelope proteins, HBsAg, polymerase and
X protein (HBx). HBx has transcriptional trans-activating potential43. HBV can integrate into human
genome, as HIV does. As a matter of fact, HBV
polymerase encodes the large pre-genomic RNA
(pgRNA) which is the template for HBcAg and
the polymerase protein. However, pgRNA can also
have another destiny. It can serve as a template for
the formation of double stranded DNA, which integrates into human genome33.
One of the pathogenic mechanisms of HBV is
completed through HBsAg. The surface antigen is
able to control the adaptive immunity, inhibiting it
and decreasing the production of anti-HBV surface
antibodies (HBsAb), which are required for longterm HBV control33. Moreover, some viruses, especially in chronic untreated HBV infection, develop

Diagnosis of the infection

TUMORIGENESIS
Among PLWH, the risk of developing HCC is
five- to six-fold higher than the general population.
The introduction of ART did not modify this difference29,33. HCC is the most common type of liver cancer27. Virus-related HCC is more frequent
than non-virus-related HCC29,33. Establishment of
a chronic HBV infection is influenced by immune
tolerance, suppression of CD4+ T-lymphocyte responsiveness to the infection or impairment of the
innate immune responses47. An increased number of
regulatory T lymphocytes and induced apoptosis of
Fas-expressing lymphocytes are other mechanisms
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through which immune tolerance to HBV, and
therefore, a chronic HBV infection, is established47.
Moreover, in PLWH, HCC has been associated with
lower CD4+ T-lymphocyte count and higher HBVDNA34. However, the exact role of HIV in promoting
HCC has still been poorly understood29,34. Chronic
HBV infection is responsible for around 50-80% of
HCC cases worldwide36.
A study by Moore et al45 showed that HIV infection is associated with a lower odd of developing
HCC, probably because the patients died before developing HCC or HCC is underdiagnosed45. Moreover, PLWH who develop HCC in presence of HBV
co-infection are affected by a higher mortality rate
than individuals affected by HBV infection only.
HBV is a known cause of HCC even in absence
of cirrhosis. However, around 70-90% HBV-related
HCC develops in cirrhotic livers46,48. Cirrhosis development is accelerated in PLWH33.
Other risk factors may increase HCC risk among
persons with chronic HBV infection. These include
older age, male sex, cirrhosis, diabetes mellitus, exposure to environmental carcinogens (aflatoxin B1,
alcohol and tobacco consumption and HDV superinfection32,36. HBV-infected individuals with an undetectable HBV-DNA have a lower risk of developing HCC, although this risk is not zero33.
HCC onset in chronic HBV infection is associated to a dysregulation of the immune system; however, the exact mechanisms is still unknown4. Whenever a Th2-like inflammatory response prevail on a
Th1-like immune response in presence of HBV, the
infection persists and becomes chronic47.
HBV causes HCC through a complex pathway
starting with viral interactions with endogenous
mutagens, such as reactive oxygen species, and
pro-inflammatory cytokines and products. Immune
dysregulation is also accountable for HBV-related
HCC in PLWH46. Especially, interleukin (IL)-8 and
tumor growth factor (TGF)-β1 are major regulator
of liver fibrosis and have been associated with the
HCC onset in chronic HBV infection47. Moreover,
immune senescence mediated by PD-1/PD-L1 interactions and sPD-1 are reportedly related with the
onset of HCC47.
The disruption of the host DNA through integration of HBV-DNA is a fundamental step in HCC
pathogenesis. The x gene properties of promoting
cell cycle progression, inactivating negative growth
regulators and inhibiting the expression of tumor
suppressor genes, such as p53, carry out a specific
role in the carcinogenesis29,32,36,48. Chronic necro-inflammation due to HBV-infection leads to a hyper
stimulated regeneration, which is afflicted by a high
DNA damage rate47,48. As previously said, it is the
balance between virus clearance and tolerance to
determine the outcome of the infection51. As a mat-
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ter of fact, during self-limited acute HBV infection,
the efficient HBV-specific immune response plays a
key role. A response of CD4+ and CD8+ T-lymphocytes is generated to control and clear HBV47,51. Especially, HBV-specific CD8+ T cells produce IFN-γ
and TNF-α, cytokines with a potent antiviral activity, but can also carry out their function by stimulating the lysis of the infected hepatocytes52.
T-helper CD4+ lymphocytes stimulate B cells to
produce antibodies. In addition, NK cells and NKT
cells efficiently control HBV51. However, this immune response does not take place during chronic
HBV infection. As a matter of fact, the early phase
of the chronic HBV infection is a stage of immune
tolerance during which HBV-DNA replicates at
high-levels and pro-inflammatory cytokines are
found in low concentrations53,54. However, after this
tolerance phase we assist to an immune active stage,
during which with hyper active HBV-specific CD8+
T-lymphocytes attack infected hepatocytes, causing
chronic liver injuries, inflammation and stimulating
liver regeneration52,54.
Low level of HBV replication and limited inflammation are characteristic of the third and last
stage, the immune inactive one.
It is in this stage that an inactive carrier can relapse, causing the progression of their chronic hepatitis to liver fibrosis and cirrhosis52,55. Eventually,
HBV activates oncogenic pathways that result in
immune escape and promote the onset of HCC33.
Chronic inflammation is considered an important element contributing to tumorigenesis: patients
with more cumulative immune mediated hepatocyte
damage would be more susceptible to HCC33,53-55.

Diagnosis of HCC
There are many differences between diagnosis in
high-income countries, where it is usually done by
performing imaging, either computed tomography
or magnetic resonance, and cytology/histology, and
diagnosis in low-income countries, where it relies
on a series of abdominal ultrasounds combined with
plasmatic a-fetoprotein (AFP) for confirmation41.
Nowadays, circulating micro-RNAs (miRNAs)
are under investigation as a diagnostic tool that can
be useful to screen patients with HCC, especially
in low-income countries and hyper-endemic HIV
settings28,56.

THE ROLE OF CO-INFECTION WITH HIV
In PLWH, HBV infection doubles the events of
AIDS and death40,47. HIV/HBV-coinfected patients
are burdened by faster progression of hepatic fibro-
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sis and a higher risk of cirrhosis. Consequently, they
have a higher risk of HCC than HBV-monoinfected
patients29,57. Moreover, they also have a higher risk
of acute hepatitis, hepatic decompensation, and liver-related mortality47,58.
The spectrum of HIV-induced liver diseases includes hepatitis, alcohol-associated steatohepatitis,
nonalcoholic steatohepatitis (NASH) and endothelialitis52. These damages might be worsened by malnutrition or administration of possible hepatotoxic
antiretroviral drugs30.
Earlier studies showed that, compared to
HIV-uninfected subjects, adult patients with HIV
infection have a higher risk of chronicity after acute
HBV infection, with reduced clearance of the HBV
e antigen (HBeAg) and increased levels of HBV
replication29,58,59. Moreover, co-infection leads to a
higher liver-related mortality compared with individuals affected by mono-infection, even when ART
is successful33,42,56. In addition, HIV/HBV co-infected individuals tend to have a lower socio-economic
status and a higher number of comorbidities58.
Despite being associated with a higher mortality,
co-infected PLWH show higher rates of either HBsAg loss or seroconversion during treatment. This is
especially true in patients starting treatment with a
low CD4+ T-lymphocyte count or with a low HBsAg
level33. However, there are discordant data about the
association of HBsAg levels with seroconversion33.
Moreover, this higher rate of seroconversion might
be associated with Immune Reconstitution Inflammatory Syndrome (IRIS)33.
When occult HBV infection occurs in PLWH, it
is clinically significant40. As a matter of fact, they
are co-infected patients who are not recognized as
such. Therefore, their condition is even worse than
a real co-infected one, as the clinician could choose
sub-optimal ART regimens, doomed to fail in controlling the infection or leading to a worsening of
a pre-existing liver damage. Moreover, occult infection often happens in older patients, who lived
longer with it41.
Co-infected people who seroconvert to protective antibody have a higher risk of reactivation of
HBV.
They are also more at risk of developing HCC
with a higher severity and more complications46.
HIV accelerates the progression of HBV-related liver disease by several different mechanisms,
such as direct interaction between HIV and HBC,
direct HIV infection of multiple cells in the liver,
increased microbial translocation with increased
liver inflammation, exhaustion of HBV-specific
T-cells33,45,59. Moreover, in a study by Shata et al47,
it was demonstrated that Fas mediated apoptosis is
of utmost importance in determining liver damage.
Although the level of soluble Fas ligand (sFasL)

levels in patients with HIV-HBV co-infection are
lower than in healthy controls, this is thought to be
caused just by the fact that FasL is mainly expressed
by CD4+ T-lymphocytes which, in HIV infection,
are decreased in number, thus leading to a lower
shedding47.
Hepatic stellate cells (HSC), Kupffer cells and
hepatocytes are permissive to HIV infection. Moreover, HIV sequences retrieved from liver cells are
different from those found in other tissues33. Therefore, it is possible to hypothesize that HIV can persist in Kupffer cells even during ART and contribute to liver inflammation and fibrosis by binding of
gp120 to the CXCR4 co-receptor expressed on hepatocytes and HSC33,60.
As HIV destroys CD4+ T-lymphocytes, compromising host immunity against HBV, PLWH are
more frequently HBsAg positive than the general
population61,62.
Oshitani et al63 showed that HIV-positive pregnant
women have a 3-fold higher HBeAg positive rate than
HIV-uninfected pregnant women. Moreover, Rouet
et al64 showed that HBV DNA was detected in 26.7%
of pregnant women with HIV/HBV coinfection vs.
9.4% of those with HBV mono-infection.
Several studies showed that HIV-related immune suppression worsens the natural course of
HBV infection. The Swiss HIV cohort study firstly
reported a significant association between the number of CD4+ T-lymphocytes and HCC risk, directly
linking HIV to HCC29,32,36,46,48,51,52,59,62,64.
The Multicenter Cohort Study highlighted a correlation between CD4+ T-lymphocyte nadir counts
and risk for liver-related mortality in HIV-HBV
co-infected individuals47,54,55,58,59,62.
Moreover, HBV genotype A is the most prevalent in PLWH in Western countries29,32,36,48. Nonetheless, the distribution of HBV genotypes might vary
according to clustering by risk factors, geographic
origin, and co-infection with other hepatitis viruses.
Non-A genotypes are correlated with a quicker evolution to cirrhosis and HCC than A genotypes62-64.

SYMPTOMS
Signs and symptoms of HCC do not differ between
HIV-infected and HIV-negative patients. Clinical
signs and symptoms of HCC often does not appear
until an advanced tumor stage. Moreover, as HCC
often happens in the context of an advanced liver
disease, it is very difficult to distinguish which one
is the cause of the sign65.
If not impairing liver function, HCC may progress silently and escape early diagnosis66. On the
other hand, if liver function is impaired clinical
symptoms can appear.
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Non-specific signs and symptoms are mostly
present in advanced stages of cancer, such as right
upper quadrant abdominal pain, hepatomegaly, haemobilia, obstructive jaundice and fever. Anorexia,
nausea, lethargy and weight loss are also often present65,67.
Complications include hepatic vein occlusion
evolving to Budd-Chiari syndrome, portal vein invasion, thrombosis, rupture causing acute abdomen
and intraperitoneal bleeding68.
Metastases can spread from HCC, both through
the hematic and lymphatic system. The most frequent secondary localizations of HCC are abdominal and thoracic lymph nodes, lung, bones and adrenal glands65. Symptoms related to metastases often
appear before the HCC signs. Moreover, metastases
are present in 40 % of the cases at the diagnosis65.
HCC can also present as a paraneoplastic syndrome, with symptoms of hypercalcemia, hypercholesterolemia, hypoglycemia or erythrocytosis65,67. Other paraneoplastic syndromes associated
with HCC may present as thrombocytosis, arterial
hypertension, diarrhea and femininization65. This
kind of signs are more frequent in younger patients,
with larger cancers and in the presence of portal
vein thrombosis and may also appear in absence of
previous hepatic cirrhosis65. Moreover, HCC frequently causes cutaneous manifestations, such as
dermatomyositis, polymyositis, porphyria cutanea
tarda, pityriasis rotunda and sign of Leser-Trelat65.
In addition, HCC can also have neurologic manifestations65.

PREVENTION AND MANAGEMENT
Current guidelines recommend testing for HAV,
HBV and HCV68,69.
Screening of chronic HBV infection is based on
the research of serum HBsAg, HBsAb and HBcAb.
PLWH who are HBcAb positive and HBsAg negative, especially when also showing increased levels
of liver transaminases, should also undergo qualitative/quantitative HBV-DNA testing to rule out
occult HBV infection. HDV antibodies should be
tested in all HBsAg positive patients68,69.
In all patients with chronic HBV infection, and
in particular co-infected PLWH, all causes of liver
disease should be ruled out. Alcohol consumption,
cardiac disease, renal impairment, autoimmunity,
genetic or metabolic liver diseases and drug-induced hepatotoxicity should be investigated and
treated when necessary29.
All PLWH should be assessed periodically for
any liver damage, by measuring complete blood
count, liver transaminases, alkaline phosphatase,
coagulation markers, albumin and cholinesterase. A
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more direct approach to stage liver fibrosis should
include fibro-scan or liver biopsy. If HBsAb negative, with no other marker of HBV infection, PLWH
should be vaccinated67-69.
HBV vaccine is recommended only for individuals with CD4+ T-lymphocyte counts above 200
cells/µL. As a matter of fact, response to vaccine is
poor below this level. Therefore, PLWH with CD4+
T-lymphocyte counts below 200 cells/µL should receive ART first and HBV vaccine later, when CD4
counts rise above 200/µL27.
After vaccination, it is necessary to monitor
HBsAb titre should be checked to verify seroconversion. Moreover, HBsAb levels should be tested
once a year, in order to administer booster vaccine
dose when those levels decline < 10 IU/l66,67.
Since PLWH do not respond as well as the general population to the standard vaccine schedule,
double dose at 3-4 time points (months 0, 1, 6 and
12) may help to improve response rates to the HBV
vaccine29,32,36,44,46.
Patients should be informed about prevention
of liver damage: limitation of alcohol consumption, avoiding hepatotoxic drugs or abuse. They
also should be vaccinated against HAV if not immune67,68.
An abdominal ultrasound every 6 months should
be performed in HBV co-infected PLWH to detect
early HCC67. As a matter of fact, a study by Rajbhandari et al58 showed that cirrhosis is a strong risk factor for mortality in PLWH. Therefore, they support
the importance of prevention and early identification of HBV co-infection in PLWH.
Serum alpha-fetoprotein (AFP) can be associated in the surveillance of chronic hepatitis B. Cirrhotic patients should be monitored for the presence
of esophageal varices using upper-gastrointestinal
endoscopy every 1-2 year68.

TREATMENT
The aim of HBV treatment in PLWH is to suppress HBV viral replication, thus minimizing the
progression of liver damage by reducing necro-inflammatory activity29,32,36,46,48. Given the high rate
of co-infection in MSM, integration of HBV and
liver care with HIV can improve the health of
these patients without much effort 31. One of the
main hurdles in managing HIV-HBV co-infection
is that ART is a lifelong treatment for both HIV
and HBV, since both viruses are characterized
by persistence of the infection 33. Moreover, IRIS
have been described in presence of HIV-HBV
co-infection, and are characterized by a significant increase in hepatic transaminases following
the beginning of ART33.

HBV RELATED CANCER IN PLWH

All HBV co-infected PLWH should undergo
treatment whenever an abnormal aminotransferase
value or HBV DNA levels of > 2000 IU/mL has
been found68,69. Patients with an indication for HBV
treatment should start cART with nucleos(t)ide analogues, regardless of the CD4+ T-lymphocyte count.
A number of different drugs are approved for
chronic HBV infection treatment. These includes
IFN, pegylated-interferon (peg-IFN), lamivudine
(3TC), emtricitabine (FTC), ADV, entecavir (ETV),
telbivudine (LdT) and tenofovir disoproxil fumarate
(TDF)70. A study by Bihl et al71 showed that a delayed response to drugs can be influenced by poor
adherence, altered immune response, drug regimen,
and genotype.
According to EACS Guidelines, if TDF or TAF
is contraindicated, entecavir may be prescribed in
PLWH with no prior 3TC exposure. A particular attention is required in PLWH with liver cirrhosis and
low CD4+ T-lymphocyte count, especially during the
first months after starting ART in order not to overlook signs of immune reconstitution syndrome69.
The vast majority of HBV-infected individuals
under an effective treatment reach an undetectable
HBV viremia33,70. Sequence analysis in patients with
residual viremia revealed that it was associated with
active viral replication more than with passive release from reservoirs33,72.
As for HBV-related HCC, the existence of PD-1
mediated T-lymphocyte exhaustion in chronic viral diseases, has led to the hypothesis of using immune checkpoint inhibitors for cancer treatment66.
Nivolumab and pembrolizumab, PD-L1 blockers,
are currently in a phase 3 study, although it has
been recently demonstrated that the same drugs
could worsen the HCC prognosis73-78. The only medical treatment available at the moment for HCC is
Sorafenib, a tyrosine-kinase inhibitor27. Treatment
of HCC is surgical, by resection or transplantation27. The choice depends on the stage of the disease. Makuuchi’s criteria are applied to determine
the best treatment based on the residual liver function. Surgical treatment consists in trans-arterial
chemoembolization (TACE) when liver functions
are preserved and there are no metastases79. However, this kind of approach is only seldomly applied
in PLWH, as the diagnosis often happens in a late
stage27. Therefore, portal vein embolization is the
most widespread treatment, with the highest chance
of survival, in these patients80. Transplantation still
offer the best chance at survival27.

RESEARCH FOR A CURE
ARVs can suppress replication of HBV-DNA, but do
not eradicate the infection. As a consequence, after

stopping the treatment, we always assist to a rebound.
Eradication of cccDNA is the goal of cure strategies,
which include pro-apoptosis, gene editing and immunomodulatory strategies32. Some of these strategies
could also have an effect in curing HIV.

CONCLUSIONS
PLWH are affected by a higher mortality of liver-related deaths than the general population, because
of higher risk of being co-infected with HBV. HBV
can cause HCC even in absence of cirrhosis, and the
wide range of clinical and serological presentations
it can offer, make its diagnosis challenging for the
clinician.
Nonetheless, it is of utmost importance to test
each HIV-infected patient for HBV, especially those
patients showing increase liver transaminases.
HIV and HBV share the mechanism of integration into the host DNA, which makes the eradication
of the infection a real hurdle. Moreover, this common mechanism, together with the immune system
impairment, lead to a quicker transformation of liver fibrosis into HCC.
Therefore, three things are fundamental. Testing
every PLWH and treat the co-infected, propose the
vaccination to every HBsAb negative patient and
monitor the seroconversion, screen the HIV-HBV
co-infected patients for HCC. Early diagnosis of
HIV infection and initiation of cART to achieve
suppression of both HIV and HBV replication are
needed to ensure long-term success in the prevention of HBV-related chronic complications such ah
HCC.

Conflict of interest:
The authors declare they do not have any conflict
of interest.
REFERENCES
   1. D’Aleo F, Cama BAV, Paolucci IA, Venanzi Rullo E, Condorelli F, Facciolà A, Di Francia R, Savasta A, Pinzone
MR, Picerno I, Visalli G, Nunnari G, Pellicanò GF, Ceccarelli M. New and old assumptions on lung cancer in
people living with HIV. World Cancer Res J 2018; 5:
e1036.
   2. Facciolà A, Venanzi Rullo E, Ceccarelli M, D’Aleo F, Di
Rosa M, Pinzone MR, Condorelli F, Visalli G, Picerno I,
Fisichella R, Nunnari G, Pellicanò GF. Kaposi’s sarcoma
in HIV-infected patients in the era of new antiretrovirals. Eur Rev Med Pharmacol Sci 2017; 21: 5868-5879.
   3. Celesia BM, Castronuovo D, Pinzone MR, Bellissimo F,
Mughini MT, Lupo G, Scarpino MR, Gussio M, Palermo
F, Cosentino S, Cacopardo B, Nunnari G. Late presentation of HIV infection: predictors of delayed diagnosis
and survival in Eastern Sicily. Eur Rev Med Pharmacol Sci
2013; 17: 2218-2224.

7

   4. Nunnari G, Sullivan J, Xu Y, Nyirjesy P, Kulkosky J, Cavert W, Frank I, Pomerantz RJ. HIV type 1 cervicovaginal
reservoirs in the era of HAART. AIDS Res Hum Retroviruses 2005; 21: 714-718.
   5. Ceccarelli M, Facciolà A, Taibi R, Pellicanò GF, Nunnari
G, Venanzi Rullo E. The treatment of Kaposi’s sarcoma:
present and future options, a review of the literature.
Eur Rev Med Pharmacol Sci 2019; 23: 7488-7497.
   6. Bellissimo F, Pinzone MR, Cacopardo B, Nunnari G. Diagnostic and therapeutic management of hepatocellular carcinoma. World J Gastroenterol 2015; 21: 12003-12021.
  7. Facciolà A, Venanzi Rullo E, Ceccarelli M, D’Aleo F,
D’Andrea F, Visalli G, Pinzone MR, Picerno I, Cacopardo
B, Condorelli F, Madeddu G, Nunnari G, Pellicanò GF.
Hodgkin’s lymphoma in people living with HIV: epidemiology and clinical management. World Cancer Res J
2019; 6: e1295.
   8. D’Andrea F, Ceccarelli M, Facciolà A, Nunnari G, Pellicanò
GF, Venanzi Rullo E. Breast cancer in women living with
HIV. Eur Rev Med Pharmacol Sci 2019; 23: 1158-1164.
  9. D’Aleo F, Ceccarelli M, Venanzi Rullo E, Facciolà A,
D’Andrea F, Micali C, Coco M, Pinzone MR, Focà E,
Condorelli F, Picerno I, Visalli G, Cacopardo B, Nunnari
G, Pellicanò GF. Anal cancer in people living with HIV:
the importance of the screening and of early diagnosis.
World Cancer Res J 2019; 6: e1319.
10. Ceccarelli M, Venanzi Rullo E, Vaccaro M, Facciolà A,
D’Aleo F, Paolucci IA, Cannavò SP, Cacopardo B, Pinzone MR, Pellicanò GF, Condorelli F, Nunnari G, Guarneri
C. HIV-associated psoriasis: epidemiology, pathogenesis,
and management. Dermatol Ther 2019; 75: e12806.
11. Venanzi Rullo E, Ceccarelli M, Condorelli F, Facciolà A,
Visalli G, D’Aleo F, Paolucci I, Cacopardo B, Pinzone
MR, Di Rosa M, Nunnari G, Pellicanò GF. Investigational
drugs in HIV: pros and cons of entry and fusion inhibitors (Review). Mol Med Rep 2019; 19: 1987-1995.
12. Pinzone MR, Ceccarelli M, Venanzi Rullo E, Maresca M,
Bruno R, Condorelli F, Di Rosa M, Madeddu G, Focà E,
Calcagno A, Celesia BM, Cacopardo B, Nunnari G, Pellicanò GF. Circulating angiopoietin-like protein 2 levels
are associated with decreased renal function in HIV+
subjects on cART: a potential marker of kidney disease.
Biomed Rep 2019; 10: 140-144.
13. D’Andrea F, Ceccarelli M, Venanzi Rullo E, Facciolà A,
Marino A, Cacopardo B, Pellicanò GF, Nunnari G. Vaccines against HPV in people living with HIV: a review.
World Cancer Res J 2019; 6: e1348.
14. D’Andrea F, Pellicanò GF, Venanzi Rullo E, D’Aleo F, Facciolà A, Micali C, Coco M, Visalli G, Picerno I, Condorelli
F, Pinzone MR, Cacopardo B, Nunnari G, Ceccarelli M.
Cervical cancer in women living with HIV: a review of
the literature. World Cancer Res J 2019; 6: e1224.
15. Visalli G, Facciolà A, D’Aleo F, Pinzone MR, Condorelli F,
Picerno I, Nunnari G, Pellicanò GF, Ceccarelli M, Venanzi
Rullo E. HPV and urinary bladder carcinoma: a review of
the literature. World Cancer Res J 2018; 5: e1038.
16. Ceccarelli M, Venanzi Rullo E, Facciolà A, Madeddu G,
Cacopardo B, Taibi R, D’Aleo F, Pinzone MR, Picerno I, Di
Rosa M, Visalli G, Condorelli F, Nunnari G, Pellicanò GF.
Head and neck squamous cell carcinoma and its correlation with human papillomavirus in people living with HIV:
a systematic review. Oncotarget 2018; 9: 17171-17180.
17. Pinzone MR, VanBelzen DJ, Weissman S, Bertuccio MP,
Cannon L, Venanzi Rullo E, Migueles S, Jones RB, Mota
T, Joseph SB, Groen K, Pasternak AO, Hwang W-T,
Sherman B, Vourekas A, Nunnari G, O’Doherty U. Longitudinal HIV sequencing reveals reservoir expression leading to decay which is obscured by clonal expansion.
Nat Commun 2019; 10: 728.

8

18. Atteritano M, Mirarchi L, Venanzi Rullo E, Santoro D, Iaria C, Catalano A, Lasco A, Arcoraci V, Gullo Lo A, Bitto
A, Squadrito F, Cascio A. Vitamin D status and the relationship with bone fragility fractures in HIV-infected patients: a case control study. Int J Mol Sci 2018; 19: 119.
19. Pinzone MR, Berretta M, Cacopardo B, Nunnari G. Epsteinbarr virus- and Kaposi sarcoma-associated herpesvirus-related malignancies in the setting of human immunodeficiency virus infection. Semin Oncol 2015; 42: 258-271.
20. Pinzone MR, Di Rosa M, Celesia BM, Condorelli F, Malaguarnera M, Madeddu G, Martellotta F, Castronuovo D,
Gussio M, Coco C, Palermo F, Cosentino S, Cacopardo
B, Nunnari G. LPS and HIV gp120 modulate monocyte/
macrophage CYP27B1 and CYP24A1 expression leading to vitamin D consumption and hypovitaminosis D
in HIV-infected individuals. Eur Rev Med Pharmacol Sci
2013; 17: 1938-1950.
21. Pinzone MR, Cacopardo B, Condorelli F, Rosa MD, Nunnari G. Sirtuin-1 and HIV-1: an overview. Curr Drug Targets 2013; 14: 648-652.
22. D’Andrea F, Ceccarelli M, Venanzi Rullo E, Facciolà A,
D’Aleo F, Cacopardo B, Iacobello C, Costa A, Altavilla
G, Pellicanò GF, Nunnari G. Cancer screening in HIVinfected patients: early diagnosis in a high-risk population. World Cancer Res J 2018; 5: e1130.
23. Facciolà A, Ceccarelli M, Venanzi Rullo E, D’Aleo F, Condorelli F, Visalli G, Cacopardo B, Pinzone MR, Di Rosa
M, Nunnari G, Pellicanò GF. Prostate cancer in HIV-positive patients- a review of the literature. World Cancer
Res J 2018; 5: e1136.
24. Ceccarelli M, Condorelli F, Venanzi Rullo E, Pellicanò GF.
Editorial - Improving access and adherence to screening
tests for cancers: a new, though old, challenge in the
HIV epidemics. World Cancer Res J 2018; 5: e1030.
25. D’Aleo F, Venanzi Rullo E, Ceccarelli M, Facciolà A, Condorelli F, Pinzone MR, Cacopardo B, Di Rosa M, Nunnari G,
Pellicanò GF. HIV and colorectal cancer. New insights and
review of the literature. World Cancer Res J 2018; 5: e1122.
26. Coppola N, De Pascalis S, Messina V, Di Caprio G, Martini S, de Stefano G, Starace M, Stornaiuolo G, Stanzione M, Ascione T, Minichini C, Sangiovanni V, Zampino
R, Calò F, Rinaldi L, Persico M, Federico A, Buonomo
AR, Borgia G, Gaeta GB, Filippini P, Gentile I. ITPase activity modulates the severity of anaemia in HCV-related
cirrhosis treated with ribavirin-containing interferonfree regimens. Antivir Ther 2017; 22: 551-558
27. D’Aleo F, Ceccarelli M, Venanzi Rullo E, Facciolà A, Di
Rosa M, Pinzone MR, Condorelli F, Visalli G, Picerno I,
Berretta M, Pellicanò GF, Nunnari G. Hepatitis C-related
hepatocellular carcinoma: diagnostic and therapeutic
management in HIV-patients. Eur Rev Med Pharmacol
Sci 2017; 21: 5859-5867.
28. Ascione A, Fontanella L, Imparato M, Rinaldi L, De Luca
M. Mortality from cirrhosis and hepatocellular carcinoma in Western Europe over the last 40 years. Liv Int
2017; 37: 1193-1207
29. Sun HY, Sheng WH, Tsai MS, Lee KY, Chang SY, Hung
CC. Hepatitis B virus coinfection in human immunodeficiency virus-infected patients: a review. World J Gastroenterol 2014; 20: 14598-14614.
30. Sharma V, Ramachandran VG, Mogha NS, Bharadwaj
M. Hepatitis B & C virus infection in HIV seropositive individuals & their association with risk factors: a hospitalbased study. Indian J Med Res 2018; 147: 588-593.
31. McKee G, Butt ZA, Wong S, Salway T, Gilbert M, Wong
J, Alvarez M, Chapinal N, Darvishian M, Tyndall MW,
Krajden M, Janjua NZ. Syndemic characterization of HCV,
HBV, and HIV co-infections in a large population based
cohort study. EClinicalMedicine 2018; 4-5: 99-108.

HBV RELATED CANCER IN PLWH
32. Rehermann B, Thimme R. Insights from antiviral therapy
into immune responses to hepatitis B and C virus infection. Gastroenterology 2019; 156: 369-383.
33. Singh KP, Crane M, Audsley J, Avihingsanon A, Sasadeusz J, Lewin SR. HIV-hepatitis B virus coinfection: epidemiology, pathogenesis, and treatment. AIDS 2017;
31: 2035-2052.
34. da Silva CM, de Peder LD, Guelere AM, Horvath JD, Silva
ES, Teixeira JJV, Bertolini DA. Seroprevalence of hepatitis
B virus (HBV) and hepatitis C virus (HCV) among human
immunodeficiency virus (HIV)-infected patients in an HBV
endemic area in Brazil. PLoS One 2018; 13: e0203272.
35. Kebudi R, Agasoy T, Kizilocak H, Ozdemir GN. Seroprevalence of Hepatitis B, Hepatitis C, and HIV in children
with cancer at diagnosis and following therapy in Turkey: progress within the last 25 years. Turk Pediatri Ars
2019; 54: 82-85.
36. Hoffmann CJ, Thio CL. Clinical implications of HIV and
hepatitis B co-infection in Asia and Africa. Lancet Infect
Dis 2007; 7: 402-409.
37. World Health Organization. Hepatitis B. https://www.
who.int/news-room/fact-sheets/detail/hepatitis-b. Accessed 17 February 2020
38. Fletcher GJ, Eapen CE, Abraham P. Hepatitis B genotyping: the utility for the clinicians. Indian J Gastroenterol 2019. In press.
39. Kennedy K, Graham SM, Arora N, Shuhart MC, Kim
HN. Hepatocellular carcinoma among US and non-USborn patients with chronic hepatitis B: Risk factors and
age at diagnosis. PLoS One 2018; 13: e0204031.
40. Dinesha TR, Boobalan J, Sivamalar S, Subashini D, Solomon
SS, Murugavel KG, Balakrishnan P, Smith DM, Saravanan S.
Occult HBV infection in HIV-infected adults and evaluation
of pooled NAT for HBV. J Viral Hepat 2018; 25: 718-723.
41. Jaquet A, Tchounga B, Tanon A, Bagny A, Ekouevi DK,
Traore HA, Sasco AJ, Maiga M, Dabis F. Etiology of hepatocellular carcinoma in West Africa, a case-control
study. Int J Cancer 2018; 143: 869-877.
42. Hyun CS, Lee S, Ventura WR. The prevalence and significance of isolated hepatitis B core antibody (anti-HBc)
in endemic population. BMC Res Notes 2019; 12: 251.
43. Majzoobi MM, Mamani M, Hashemi SH, Gazan H,
Ghasemibasir H, Nikbakht M, Esna-Ashari F. Isolated
hepatitis B core antibody in HIV infected patients—can
response to hepatitis B vaccine help to elucidate the
cause? Caspian J Intern Med 2018; 9: 328-333.
44. Bivigou-Mboumba B, Amougou-Atsama M, Zoa-Assoumou S, M’boyis Kamdem H, Nzengui-Nzengui GF,
Ndojyi-Mbiguino A, Njouom R, François-Souquière S.
Hepatitis B infection among HIV infected individuals in
Gabon: occult hepatitis B enhances HBV DNA prevalence. PLoS One 2018; 13: e0190592.
45. Moore MS, Bocour A, Tran OC, Qiao B, Schymura MJ,
Laraque F, Winters A. Effect of hepatocellular carcinoma on mortality among individuals with Hepatitis B
or Hepatitis C infection in New York City, 2001-2012.
Open Forum Infect Dis 2018; 5: ofy144.
46. Singh AK, Kumar R, Pandey AK. Hepatocellular carcinoma: causes, mechanism of progression and biomarkers.
Curr Chem Genomics Transl Med 2018; 12: 9-26.
47. Shata MTM, Abdel-Hameed EA, Rouster SD, Yu L, Liang
M, Song E, Esser MT, Shire N, Sherman KE. HBV and
HIV/HBV infected patients have distinct immune exhaustion and apoptotic serum biomarker profiles. Pathog
Immun 2019; 4: 39-65.
48. Guidotti LG, Rochford R, Chung J, Shapiro M, Purcell
R, Chisari FV. Viral clearance without destruction of infected cells during acute HBV infection. Science 1999;
284: 825-829.

49. Choi YM, Lee SY, Kim BJ. Naturally occurring hepatitis B
virus reverse transcriptase mutations related to potential antiviral drug resistance and liver disease progression. World J Gastroenterol 2018; 24: 1708-1724.
50. Boyd A, Moh R, Maylin S, Abdou Chekaraou M,
Mahjoub N, Gabillard D, Anglaret X, Eholié SP, Danel C, Delaugerre C, Zoulim F, Lacombe K, ANRS
12240 VarBVA study. Effect of hepatitis B virus
(HBV) surface-gene variability on markers of replication during treated human immunodeficiency virusHBV infection in Western Africa. Liver Int 2019; 39:
280-289.
51. Thimme R, Wieland S, Steiger C, Ghrayeb J, Reimann
KA, Purcell RH, Chisari FV. CD8(+) T cells mediate viral
clearance and disease pathogenesis during acute hepatitis B virus infection. J Virol 2003; 77: 68-76.
52. Maini MK, Boni C, Lee CK, Larrubia JR, Reignat S, Ogg
GS, King AS, Herberg J, Gilson R, Alisa A, Williams R,
Vergani D, Naoumov NV, Ferrari C, Bertoletti A. The role
of virus-specific CD8(+) cells in liver damage and viral
control during persistent hepatitis B virus infection. J
Exp Med 2000; 191: 1269-1280.
53. Saeidi A, Zandi K, Cheok YY, Saeidi H, Wong WF, Lee
CYQ, Cheong HC, Yong YK, Larsson M, Shankar EM.
T-cell exhaustion in chronic infections: reversing the
state of exhaustion and reinvigorating optimal protective immune responses. Front Immunol 2018; 9:
2569.
54. Mason WS, Gill US, Litwin S, Zhou Y, Peri S, Pop O,
Hong MLW, Nalk S, Quaglia A, Bertoletti A, Kennedy
PTF. HBV DNA integration and clonal hepatocyte expansion in chronic hepatitis B patients considered immune
tolerant. Gastroenterology 2016; 151: 986-998.
55. Kim GA, Lim YS, Han S, Choi J, Shim JH, Kim KM, Lee
HC, Lee YS. High risk of hepatocellular carcinoma and
death in patients with immune-tolerant phase chronic
hepatitis B. Gut 2018; 67: 945-952.
56. Sartorius K, Sartorius B, Kramvis A, Singh E, Turchinovich A, Burwinkel B, Madiba T, Winkler CA. Circulating
microRNA’s as a diagnostic tool for hepatocellular carcinoma in a hyper endemic HIV setting, KwaZulu-Natal,
South Africa: a case control study protocol focusing on
viral etiology. BMC Cancer 2017; 17: 894.
57. Sarmati L, Malagnino V. HBV infection in HIV-driven immune suppression. Viruses 2019; 11: e1077.
58. Rajbhandari R, Jun T, Khalili H, Chung RT, Ananthakrishnan AN. HBV/HIV coinfection is associated with poorer outcomes in hospitalized patients with HBV or HIV. J
Viral Hepat 2016; 23: 820-829.
59. Bodsworth NJ, Cooper DA, Donovan B. The influence
of human immunodeficiency virus type 1 infection on
the development of the hepatitis B virus carrier state. J
Infect Dis 1991; 163: 1138-1140.
60. Maponga TG, Andersson MI, van Rensburg CJ, Arends
JE, Taljaard J, Preiser W, Glashoff RH. HBV and HIV viral
load but not microbial translocation or immune activation are associated with liver fibrosis among patients in
South Africa. BMC Infect Dis 2018; 18: 214.
61. Dutta A, Uno H, Lorenz DR, Wolinsky SM, Gabuzda
D. Low T-cell subsets prior to development of virusassociated cancer in HIV-seronegative men who have
sex with men. Cancer Causes Control 2018; 29: 11311142.
62. Hadler SC, Judson FN, O’Malley PM, Altman NL, Penley
K, Buchbinder S, Schable CA, Coleman PJ, Ostrow DN,
Francis DP. Outcome of hepatitis B virus infection in
homosexual men and its relation to prior human immunodeficiency virus infection. J Infect Dis 1991; 163:
454-459.

9

63. Oshitani H, Kasolo FC, Mpabalwani M, Mizuta K, Luo
NP, Suzuki H, Numazaki Y. Prevalence of hepatitis B antigens in human immunodeficiency virus type 1 seropositive and seronegative pregnant women in Zambia.
Trans R Soc Trop Med Hyg 1996; 90: 235-236.
64. Rouet F, Chaix M-L, Inwoley A, Msellati P, Viho I, Combe
P, Leroy V, Dabis F, Rouzioux C, ANRS 1236 DITRAMEB&C Study Group. HBV and HCV prevalence and viraemia in HIV-positive and HIV-negative pregnant women
in Abidjan, Côte d’Ivoire: the ANRS 1236 study. J Med
Virol 2004; 74: 34-40.
65. Barghini V, Donnini D, Uzzau A, Soardo G. Chapter 10
– signs and symptoms. In: hepatocellular carcinoma –
Future Outlook. InTech Ed, 2013.
66. Valla D-C. The diagnosis and management of the BuddChiari syndrome: consensus and controversies. Hepatology 2003; 38: 793-803.
67. Luo JC, Hwang SJ, Wu JC, Li CP, Hsiao LT, Lai CR,
Chiang JH, Lui WY, Chang FY, Lee SD. Paraneoplastic
syndromes in patients with hepatocellular carcinoma in
Taiwan. Cancer 1999; 86: 799-804.
68. Società Italiana di Malattie Infettive e Tropicali. Linee
Guida Italiane Sull’utilizzo Della Terapia Antiretrovirale
E La Gestione Diagnostico-Clinica Delle Persone Con Infezione Da HIV-1. http://www.salute.gov.it/imgs/C_17_
pubblicazioni_2696_allegato.pdf Accessed 20 december 2019
69. European AIDS Clinical Society. EACS Guidelines Version 10.0 November 2019. https://www.eacsociety.org/
files/2019_guidelines-10.0_final.pdf Accessed 20 december 2019
70. Marrone A, Capoluongo N, D’Amore C, Pisaturo M,
Esposito M, Guastafierro S, Siniscalchi I, Macera M,
Boemio A, Onorato L, Rinaldi L, Minichini C, Adinolfi
LE, Sagnelli E, Mastrullo L, Coppola N. Eighteen-month
lamivudine prophylaxis on preventing occult hepatitis
B virus infection reactivation in patients with haematological malignancies receiving immunosuppression
therapy. J Viral Hepat 2018; 25: 198-204

10

71. Bihl F, Martinetti G, Wandeler G, Weber R, Ledergeber B, Calmy A, Battegay M, Cavassini M, Vernazza P,
Caminada A-P, Rickenbach M, Bernasconi E, Swiss HIV
Cohort Study. HBV genotypes and response to tenofovir disoproxil fumarate in HIV/HBV-coinfected persons.
BMC Gastroenterol 2015; 15: 79.
72. Rana U, Driedger M, Sereda P, Pan S, Ding E, Wong
A, Walmsley S, Klein M, Kelly D, Loutfy M, Thomas
R, Sanche S, Kroch A, Machouf N, Roy-Gagnon M-H,
Hogg R, Cooper CL, Canadian Observational Cohort
(CANOC) Collaboration. Characteristics and outcomes
of antiretroviral-treated HIV-HBV co-infected patients in
Canada? BMC Infect Dis 2019; 19: 982.
73. Belyhun Y, Liebert UG, Maier M. Analysis of HBV basal
core promoter/precore gene variability in patients with
HBV drug resistance and HIV co-infection in Northwest
Ethiopia. PLoS One 2018; 13: e0191970.
74. Shah NJ, Al-Shbool G, Blackburn M, Cook M, Belouali A,
Liu SV, Madhavan S, He AR, Atkins MB, Gibney GT, Kim C.
Safety and efficacy of immune checkpoint inhibitors (ICIs)
in cancer patients with HIV, hepatitis B, or hepatitis C viral
infection. J Immunother Cancer 2019; 7: 353.
75. Kudo M. Targeted and immune therapies for hepatocellular carcinoma: predictions for 2019 and beyond.
World J Gastroenterol 2019; 25: 789-807.
76. Kudo M. Systemic therapy for hepatocellular carcinoma: latest advances. Cancers (Basel) 2018; 10: pii.412.
77. Okusaka T, Ikeda M. Immunotherapy for hepatocellular carcinoma: current status and future perspectives.
ESMO Open 2018; 3: e000455.
78. Wong DJ, Lee J, Choo SP, Thng CH, Hennedige T.
Hyperprogressive disease in hepatocellular carcinoma
with immune checkpoint inhibitor use: a case series.
Immunotherapy 2019; 11: 167-175.
79. Makuuchi M, Kosuge T, Takayama T, Yamazaki S, Kakazu T, Miyagawa S, Kawasaki S. Surgery for small liver
cancers. Semin Surg Oncol 1993; 9: 298-304.
80. Armengol C, Sarrias MR, Sala M. Hepatocellular carcinoma: present and future. Med Clín 2018; 150: 390-397.

