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INTRODUCTION

The introduction of Highly Active Antiretroviral 
therapy (HAART) has modified the natural histo-
ry of Human Immunodeficiency Virus (HIV) in-
fection, leading to an increase in life expectancy of 
the patients living with HIV (PLWH)1-35. The inci-
dence of Acquired Immunodeficiency Syndrome 
(AIDS)-related diseases has declined, while an in-
crease in morbidity and mortality attributable to 
cancer and cardiovascular, renal, neurological dis-
eases has been documented36-43.

Malignancies associated with Epstein–Barr vi-
rus (EBV) are frequently found in patients infected 

with HIV44. In these patients, EBV is implicated in 
the development of many lymphoproliferative dis-
orders: most of the Hodgkin’s Lymphomas (HL), 
some Non-Hodgkin’s Lymphomas (NHL) such as 
Burkitt’s Lymphoma (BL), Primary Effusion Lym-
phomas (PEL), Diffuse Large B-Cell Lymphomas 
(DLBCL), Plasmablastic Lymphomas and Primary 
Central Nervous System Lymphomas (PCNSL) are 
caused by EBV infection15. Moreover, Nasopharyn-
geal Carcinoma (NPC) is associated with EBV40.

This review is focused on the epidemiology, 
pathogenesis, diagnosis, management and therapy 
of EBV-associated tumors in the setting of HIV in-
fection.
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EBV-RELATED CANCER IN PLWH

EBV needs to express the latent program to drive 
tumorigenesis. During latent infection, the virus 
replicates its genome in the host cell chromosomes, 
but it does not produce infectious virus46,48.

Latent proteins include latent membrane proteins 
(LMP-1, -2A and -2B), leader protein (LP) and nu-
clear antigens (EBNA-1, -2, -3A and -3C). LMP-1 is 
the main oncogenic protein of EBV and stimulates 
the proliferation and differentiation of B cells, act-
ing like CD40 (a member of Tumor Necrosis Factor 
Receptor- TNFR super-family) and leading to the 
activation of NF-kB and the c-Jun amino-terminal 
kinase48. 

LMP-1 may directly contribute to the genera-
tion of an immunosuppressive microenvironment 
through its ability to induce/enhance the production 
of immunosuppressive cytokines such as IL‐6, 
IL-8 and IL-1049.

HIV may contribute to EBV-driven tumorigene-
sis by multiple mechanisms: HIV creates an environ-
ment in which chronic antigen stimulation, cytokine 
dysregulation, and coinfection with oncogenic virus-
es, in the background of genetic abnormalities and 
disrupted immune surveillance to tumor antigens, 
can lead to the emergence of monoclonal B cells50.

Viral proteins such as gp120, Tat and Nef can 
induce polyclonal B-cell activation. Moreover, im-
mune-activation induced by HIV may influence the 
expansion of B-cell compartment. The overproduc-
tion of B-cells cytokines such as IFNα, IL-6 and 
TNFα is associated with chronic B-cells hyperacti-
vation: the increased turnover leads to an increased 
risk of developing B-cell lymphomas48,50.

HAART is the best weapon to control HIV rep-
lication: an adequate control of HIV replication has 
been associated with decreased plasma EBV DNA; 
this favorable impact has been observed in patients 
with viro-immunologic response to HAART and 
also in virologically suppressed subjects who did 
not experience adequate CD4+ T-cell recovery51. 

Moreover, an increase in EBV viral load was re-
ported among immunologic responders with detect-
able HIV viral load. Patients on HAART often have 
persistent low-level HIV viral load which may cause 
chronic activation of the immune system, leading 
to the expansion of EBV-infected cells and, con-
sequently, the onset of EBV-related malignancies. 
Loss of immune surveillance against EBV probably 
represents the most important mechanism driving 
tumorigenesis in the context of severe immunosup-
pression52. 

HAART has a less favorable impact on EBV 
related tumors if compared with its impact on 
AIDS-defining cancers. Although tumors like 
Primary Central Nervous System Lymphomas 
(PCNSLs) are favorably influenced by the introduc-
tion of HAART, its effect is less impactful on the 

MATERIALS AND METHODS

On July 25th, 2019, we performed a review of the 
literature to identify the link existing between Can-
cer, Epstein Barr Virus (EBV) infection and Human 
Immunodeficiency Virus (HIV) infection. 

We searched PubMed applying “EBV”, “HIV”, 
“cancer”, “tumorigenesis”, “Burkitt’s Lymphoma”, 
“Hodgkin’s Lymphomas”, “Non-Hodgkin’s Lym-
phomas”, “Diffuse Large B-Cell Lymphomas”, 
“Plasmablastic Lymphomas”.

We included only recent articles written in En-
glish, identifying 83 records. We excluded 11 arti-
cles after reading title and abstract. At the end of the 
assessment we included in our review the 72 full-
text articles.

ETIOLOGY

Epstein-Barr virus (EBV), also known as human 
herpesvirus 4 (HHV4), is a double-stranded DNA 
virus belonging to the Gammaherpesviridae fami-
ly which asymptomatically infects the majority of 
population45. 

More than 95% of the world population is se-
ropositive46: primary EBV infection is usually ac-
quired during childhood and the virus can establish 
a lifelong infection in immunocompetent subjects15. 
EBV transmission is through droplets. The virus in-
fects B cells and epithelial cells in the oral cavity. 
Primary infection may be asymptomatic, or, after 
an incubation period, it can clinically manifest with 
fever, lymphadenopathy and pharyngitis47.

The majority of cases are self-limiting with an 
excellent prognosis. Serious complications during 
the acute phase such as hepatitis, splenic rupture or 
airway obstruction are rare46,47. 

TUMORIGENESIS

EBV infects both B cells and epithelial cells, 
turning resting B-lymphocytes into proliferative 
lymphoblastoid cells, eventually immortalizing 
them45-47. 

Similar to other oncogenic viruses, EBV in-
creases the risk of developing cancer in immune-de-
pressed hosts, including HIV-infected people46.

Like all herpes viruses, EBV has both latent and 
lytic replication programs. In the immunocompe-
tent host, virus persists in naïve memory B cells in 
a non-pathogenic state for the lifetime of the host. 
Intermittently, these virus-infected memory B cells 
differentiate into plasma cells, activating the lyt-
ic-cycle and promoting infection of other resting 
B-lymphocytes48.
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IB DLBCL usually affects patient with advanced 
immunosuppression: it is associated with EBV in-
fection in 90% of cases and LMP-1 and EBNA-2 
are usually expressed. On the contrary, CB DLBCL 
usually affects subjects with mild immunosuppres-
sion and EBV positivity has been reported in 30% of 
HIV-positive patients57.

The majority of DLBCL demonstrates increased 
expression of the B-cell lymphoma 6 (BCL-6) gene. 
Overexpression of BCL-6 in B-cell lymphoma cell 
lines leads to downregulation of BCL-6 target genes, 
including the p53 tumor suppressor gene. This may 
be a way in which BCL-6 avoids cells apoptosis 
in response to DNA damage. Other mechanisms 
include aberrant somatic hypermutation, BCL-2 
activation and c-myc overexpression58. The epide-
miological characteristics of HIV-related DLBCLs 
changed after the introduction of HAART, but the 
overall incidence and EBV association rate of these 
malignancies still remain significantly higher than 
the general population15. HIV-1 increases the risk 
for systemic DLBCL by 60–200-fold59.

At the time of diagnosis, more than half of the 
patients have evidence of advanced stage and with 
B symptoms and extra-nodal disease. The clinical 
presentation can include symptoms like enlarged 
lymph nodes, night sweats, unusual weight loss, 
loss of appetite, extreme fatigue, fever and itchiness, 
abdominal pain, diarrhea, cough and shortness of 
breath.

Prognosis depends on patient-, lymphoma- and 
HIV-specific factors15,51.

Treatment with 6 cycles of R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine and 
prednisone) or R-EPOCH (rituximab, etoposide, 
prednisone, vincristine, cyclophosphamide, doxoru-
bicin) is the standard of care for DLBCL. Similar 
to HIV-negative patients, autologous hematopoietic 
stem cell transplantation (HSCT) may represent an 
option in case of relapsing 15,54.

Burkitt lymphoma (BL)

Burkitt lymphoma (BL) is a highly aggressive 
non-Hodgkin B cell tumor that can be classified into 
three variants based on clinical features and disease 
epidemiology: endemic, sporadic and HIV-associat-
ed BL60. While endemic and sporadic BLs are not 
important for PLWHA, HIV-associated BL is an 
important, though rare, cause of disease and death 
in HIV-infected people. Moreover, HIV infection 
increases BL incidence by more than 100-fold and 
the 30–40% of these malignancies are EBV-posi-
tive15,61,62. BL typically develops early in the context 
of HIV infection, in patients with preserved immune 
function. The clinical presentation is characterized 

incidence of other NHLs, which occur even in the 
setting of moderate immunosuppression15,51. 

PLWHA have a 60-200-fold and 8-10-fold higher 
relative risk to develop NHL and HL, respectively, 
compared to the HIV-negative population15.

Individuals with normal or slightly decreased 
number of circulating T CD4+ lymphocytes have 
a higher risk of BL and centroblastic DLBCL and 
the risk of PEL and plasmablastic DLBCL is higher 
among patients with severe immunodeficiency53.

Engels et al 54 have confirmed that the risk sub-
stantially increases in patients with >100,000 HIV-1 
RNA copies/ml and/or with <50 CD4+ cells/μl.

NON-HODGKIN’S LYMPHOMA (NHLS)

NHLs are a heterogeneous group of malignant dis-
eases, and they are considered an AIDS-defining 
cancer (ADC). In the pre-HAART era, PLWHA had 
a 100-fold increased risk of NHL if compared with 
general polulation55. Currently, NHL still is one of 
the most important cause of death in HIV-infected 
patients15. However, the incidence of HIV-associat-
ed NHLs has significantly decreased after the intro-
duction of HAART: the adjusted incidence rate of 
NHL was estimated to decline from 6.2% in the pre-
HAART era to 3.2% in the HAART era15,55. 

Most NHLs are B-cell neoplasms. Moreover, in 
PLWHA, they are often found in an advanced stage 
and are often clinically expressed by the so-called 
“B symptoms”, such as fever, night sweats, weight 
loss. Clinical manifestation of NHLs depends on 
location, rate of cancer growth and residual func-
tion of any organ compromised by the tumor. In 
addition, clinical manifestations also depend on the 
grade of the neoplasia, which can be low, interme-
diate or high.

When an NHL is suspected, the patient should 
undergo a series of blood and radiologic tests, 
such as a complete blood count and at least a total 
body CT scan and a positron emission tomography 
(PET)-CT. The workup is completed by bone mar-
row aspiration, lymph nodes or tumor biopsy and 
histological examination.

The most frequent morphologic subtypes of 
NHLs are diffuse large B-cells lymphomas (DLB-
CL) and BL.

Diffuse large B-cell lymphoma (DLBCL)

NHLs account for 10% of all malignancies in the 
HIV population and about 70–90% of patients have 
diffuse large B-cell lymphoma56.

DLBCL can be divided into centroblastic (CB) 
and immunoblastic (IB) histological subtypes54,56.
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HODGKIN’S LYMPHOMA (HL)

HL is the most common non-AIDS-defining can-
cer60. Despite being a NADC, in PLWHA the inci-
dence of HL is 10-fold higher than in the general 
population15.

HL can be classified into classical HL (cHL), 
which accounts for the majority of cases, and nod-
ular lymphocyte predominant HL (NLPHL). cHL 
can be further subdivided into four histological sub-
types: nodular sclerosis, mixed cellularity, lympho-
cyte depleted and lymphocyte rich66.

The development of HIV-related HL does not 
depend on T cell impairment, occurring even in pa-
tients with modest reductions in CD4+ T cell counts. 
A possible explanation is that partial CD4+ T cells 
suppression is sufficient to elevate EBV loads in the B 
cell system, contributing to cHL pathogenesis65. The 
association of EBV infection with HL is particularly 
important in PLWH and infrequent in HIV-negative 
people. The predominant subtypes of HL in the set-
ting of HIV infection are the mixed cellularity (MC) 
and the lymphocyte-depleted (LD) ones15,65. These 
subtypes have a particularly unfavorable prognosis 
and are especially enriched in Reed-Sternberg cells. 
cART seems to be particularly important for the 
prognosis of PLWH affected by HL.

HL is characterized by B symptoms and extra-nod-
al disease and being so non-specific it needs a long 
differential diagnosis process. At least a chest and ab-
domen CT-scan is needed in presence of lymphade-
nopathy to rule out the possibility of HL. Supportive 
therapy and prophylaxis for opportunistic infection, 
such as Pneumocystis carinii and Herpes Simplex, 
are needed in association with CTX64. Well tolerated 
CTX regimens in PLWH affected by HL are the stan-
dard one with doxorubicin, bleomycin, vinblastine and 
dacarbazine (ABVD) and the more intensive one with 
bleomycin, etoposide, doxorubicin, cyclophospha-
mide, vincristine, procarbazine and prednisone (BEA-
COPP). Immunotherapeutic regimens have also been 
applied more and more frequently in PLWH with HL, 
with a good rate of complete remission.

PRIMARY CENTRAL NERVOUS 
SYSTEM LYMPHOMA (PCNSL)

PCNSL is a rare and aggressive disease, affecting a 
population of patients who are often elderly or im-
munocompromised15. It usually remains confined to 
the CNS; however, it can seldomly spread. The eti-
ologic role of EBV in this kind of lymphoma is well 
known, especially in PLWHA. Its incidence has de-
creased after the introduction of HAART54. 

Clinical presentation of PCNSL includes changes in 
mental status, memory loss, focal neurological symp-

by bulky abdominal masses, lymphadenopathy and 
B symptoms. It is rapidly progressive.

PLWHA can be treated using the same CTX reg-
imens used for general population (B-ALL regimen, 
Hyper-CVAD, CODOX/M-IVAC)53,55. 

Dunleavy et al58 show that dose-adjusted R-EP-
OCH protocol (rituximab, etoposide phosphate, 
prednisone, vincristine sulphate, cyclophosphamide 
and doxorubicin hydrochloride) associated with 
methotrexate is a good option for the treatment of 
HIV-positive and negative patients.

The prognosis in PLWHA depends on CD4+ 
T-cell count, bone marrow involvement and perfor-
mance status15,57.

PLASMABLASTIC LYMPHOMA (PL)

HIV-associated PBL is an AIDS-defining cancer, 
classified by WHO as a distinct entity of aggressive 
DLBCL, characterized by a diffuse proliferation of 
large neoplastic cells most of which resemble B-cell 
immunoblasts63. It is a common cancer in HIV-positive 
patients with CD4+ T-cell counts <200 cells/μL15,63.

The pathogenesis of PL is poorly understood 
and determined by a complex biological interplay 
between HIV-related immunodeficiency, the loss of 
immune control of oncogenic herpesvirus as EBV, 
genetic cellular abnormalities and chronic immune 
activation63. HIV-associated PBL is closely linked to 
EBV infection, and more than 80% of PBL cells ex-
press EBV-encoded RNA (EBER-ISH). Molecular 
analysis of BCL2 and BCL6 are usually negative64. 
Classically, immunophenotype is CD45, CD20, 
CD79a negative and CD38, CD138, MUM1 posi-
tive, EBER and KI67 expression is >80%63. 

Clinically, PBL is an aggressive disease mainly 
involving the oral cavity even if extraoral and ex-
tra nodal sites, including gastrointestinal tract, skin, 
soft tissue, heart, mediastinum, retroperitoneum, 
liver, lungs, testes, vulva, parotid gland, breast, cen-
tral nervous system (CNS), lymph nodes and bone 
marrow are not infrequent65. Prognosis of patients 
affected by HIV-associated PBL is poor. Castillo et 
al65 evaluated the characteristics of 50 patients with 
HIV-associated PBL and confirmed a poor progno-
sis regardless of the therapy received.

The diagnosis requires tissue or lymph node bi-
opsy and core needle or fine needle (FNA) biopsy. 
Standard treatment is, usually, CHOP or CHOP-
like regimens while more intensive regimens as 
CODOX-M/IVAC or DA-EPOCH are possible op-
tions63.

Most guidelines recommend the use of cART 
during chemotherapy, keeping in mind the possible 
overlapping toxicities, pharmacokinetic interac-
tions, and adherence problems65.
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Burkitt’s lymphoma and Hodgkin’s disease appears 
to be influenced by HIV-induced immunosuppres-
sion, little has been reported on nasopharyngeal car-
cinoma. Melbie et al70 found a relative risk of 2.4 for 
NPC in HIV-infected subjects who developed AIDS 
which, however, was not significantly different from 
general population. In a total of 50,050 patients with 
AIDS, only 4 NPC were diagnosed. Later studies 
such as that reported by Frisch et al71 demonstrate 
an increased risk of NPC in AIDS patients (SIR 
2.6, 95% CI 1.8–3.8). The most recent comprehen-
sive study by Shebl et al72 also demonstrated an in-
creased risk for NPC for all histologic subtypes (SIR 
2.0, 95% CI 1.4–2.7).

CONCLUSIONS

EBV-related cancers are an important cause of dis-
ease and death in PLWHA since the first appearance 
of HIV-infection. The introduction of HAART has 
led to a better prognosis for EBV-related malignan-
cies, even though they remain the most frequently 
diagnosed in PLWHA. Moreover, HAART had a 
smaller impact on EBV-related cancers, both those 
belonging to ADCs and NADCs, compared with 
other kinds of NADCs. The control of HIV replica-
tion by therapy remains an important step to reduce 
immune activation and, consequently, it has result-
ed in dramatically improved clinical responses and 
outcomes. However, and especially for HLs, it is not 
clear if an improved immune system can be a trigger-
ing factor. Despite this particular situation, HAART 
allowed PLWHA to be treated with more aggressive 
CTX and their prognosis has improved, and it is now 
similar to the HIV-negative people prognosis.

Moreover, more and more frequently, new drugs 
such as immune-therapeutics and immune check-
point inhibitors are used in the setting of an EBV-re-
lated cancer diagnosed in PLWHA. Currently, their 
use is only reported in sporadic cases, however it is 
desirable that in the future large studies will include 
also PLWHA, as their survival has hugely improved 
and drugs used for the treatment of HIV-infection 
are less and less toxic, with a low number of drug-
to-drug interactions. Therefore, there should be lit-
tle concern about their inclusion in clinical studies.

Unfortunately, a screening test for EBV-related 
cancers is not available. Therefore, they are often di-
agnosed in an advanced stage, with a worse progno-
sis. Moreover, this kind of cancer prevalently arise 
in the setting of late-stage HIV infection. Hence, the 
best prevention of EBV-related cancers in PLWHA 
is an early diagnosis of HIV infection. Screening 
campaigns, information and periodic testing should 
be implemented, especially for people at high-risk 
of infection.

toms that can be classified as “mass symptoms”61,64. 
Although being a lymphoma, the treatment challenges 
it offers make it necessary to classify PCNSL among 
the brain tumor cancers. Therefore, whole-brain radia-
tion and systemic CTX are the best therapeutic weap-
ons. There is not a single regimen universally accept-
ed as the standard one for the treatment of PCNSL: 
aggressive regimens are typically used. Examples in-
clude dose-adjusted (DA) EPOCH (etoposide, prednis-
olone, vincristine, cyclophosphamide, doxorubicin) or 
CHOP (cyclophosphamide, doxorubicin, vincristine, 
and prednisone)67.

In PLWHA it is of utmost importance to differ-
entiate PCNSL from any other infectious cause of 
mass symptoms, such as cerebral toxoplasmosis, 
even using an “ex iuvantibus” criteria. HAART 
is important in the management of patients with 
lymphoproliferative malignancies in the setting of 
HIV. In a retrospective study of HIV-infected pa-
tients diagnosed with PCNSL, Boulanger et al67 
demonstrated a shorter survival for patients with a 
poor performance status and untreated HIV infec-
tion prior to diagnosis.

NASOPHARYNGEAL CARCINOMA (NPC)

NPC is a cancer derived from the epithelial cells of 
the nasopharynx. It can be classified in: 1) squamous 
cell carcinoma, typically found in the older adult 
population; 2) non-keratinizing carcinoma; 3) undif-
ferentiated carcinoma54-60. Subtype 2 and 3 are as-
sociated with detection of Epstein-Barr virus56. The 
persistence of an infection with EBV in pre-invasive 
nasopharyngeal epithelium represents an early stage 
of NPC development54-57. Both latent and lytic genes 
may be involved in the transformation of pre-inva-
sive nasopharyngeal epithelium into NPC54,58. EBV, 
ethnic background and environmental carcinogens 
seem to play an important role in the pathogenesis of 
this tumor56-58. Lo et al68 showed that EBV DNA was 
detectable in the plasma samples of 96% of patients 
with non-keratinizing NPC, compared with only 7% 
in controls. Moreover, EBV DNA levels appear to 
correlate with treatment response69.

Cervical lymphadenopathy is the initial presen-
tation in many patients. Symptoms related to the 
primary tumour include trismus, pain, otitis media, 
hearing loss, cranial nerve palsies, nasal obstruction 
or bleeding. Metastatic spread may result in bone 
pain or organ dysfunction68. Diagnostic methods in-
clude a clinical evaluation of cervical lymph nodes, 
indirect nasopharyngoscopy, neurological exam-
ination of cranial nerves, a Computed Tomography 
(CT) or Magnetic Resonance Imaging (MRI) scan 
of the head, biopsy of either the lymph nodes or pri-
mary tumor for histological examination68. Whereas 



6

EBV-RELATED CANCER IN PLWH

 13. Visalli G, Currò M, Facciolà A, Riso R, Mondello P, La-
ganà P, Di Pietro A, Picerno I, Spataro P. Prevalence of 
human papillomavirus in saliva of women with HPV ge-
nital lesions. Infect Agents Cancer 2016; 11: 48.

 14. Atteritano M, Mirarchi L, Venanzi Rullo E, Santoro D, Ia-
ria C, Catalano A, Lasco A, Arcoraci V, Lo Gullo A, Bitto 
A, Squadrito F, Cascio A. Vitamin D Status and the Re-
lationship with Bone Fragility Fractures in HIV-Infected 
Patients: A Case Control Study. Int J Mol Sci 2018; 19: 
119. doi:10.3390/ijms19010119.

 15. Pinzone MR, Berretta M, Cacopardo B, Nunnari G. Epstein-
barr virus- and Kaposi sarcoma-associated herpes virus-
related malignancies in the setting of human immunodefi-
ciency virus infection. Semin Oncol 2015; 42: 258-271. 

 16. Pinzone MR, Di Rosa M, Celesia BM, Condorelli F, Malaguar-
nera M, Madeddu G, Martellotta F, Castronuovo D, Gussio 
M, Coco C, Palermo F, Cosentino S, Cacopardo B, Nunna-
ri G. LPS and HIV gp120 modulate monocyte/macrophage 
CYP27B1 and CYP24A1 expression leading to vitamin D 
consumption and hypovitaminosis D in HIV-infected indivi-
duals. Eur Rev Med Pharmacol Sci 2013; 17: 1938-1950. 

 17. Pinzone MR, Cacopardo B, Condorelli F, Rosa MD, Nun-
nari G. Sirtuin-1 and HIV-1: an overview. Curr Drug Tar-
gets 2013; 14: 648-652.

 18. 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 HIV-
infected patients: early diagnosis in a high-risk popula-
tion. World Cancer Res J 2018; 5: e1130. 

 19. Facciolà A, Ceccarelli M, Venanzi Rullo E, D’Aleo F, Con-
dorelli F, Visalli G, Cacopardo B, Pinzone MR, Di Rosa 
M, Nunnari G, Pellicanò GF. Prostate cancer in HIV-po-
sitive patients- a review of the literature. World Cancer 
Res J 2018; 5: e1136. 

 20. 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. 

 21. D’Aleo F, Venanzi Rullo E, Ceccarelli M, Facciolà A, Condo-
relli 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.

 22. D’Aleo F, Cama BAV, Paolucci IA, Venanzi Rullo E, Con-
dorelli 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.

 23. 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 antiretrovi-
rals. Eur Rev Med Pharmacol Sci 2017; 21: 5868-5869. 

 24. 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.

 25. Bearz A, Vaccher E, Martellotta F, Spina M, Talamini R, 
Lleshi A, Cacopardo B, Nunnari G, Berretta M, Tirelli U. 
Lung cancer in HIV positive patients: the GICAT expe-
rience. Eur Rev Med Pharmacol Sci 2014; 18: 500-508. 

 26. Martellotta F, Berretta M, Cacopardo B, Fisichella R, 
Schioppa O, Zanghì A, Spartà D, Cappellani A, Talamini 
R, Izzi I, Ridolfo A, Torresin A, Fiorica F, Tirelli U. Clinical 
presentation and outcome of squamous cell carcinoma 
of the anus in HIV-infected patients in the HAART-era: 
a GICAT experience. Eur Rev Med Pharmacol Sci 2012; 
16: 1283-1291.

ConfliCt of interest: 
The Authors declare that they have no conflict of 
interests.

REFERENCES

  1. 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.

  2. D’Andrea F, Pellicanò GF, Venanzi Rullo E, d’Aleo F, Fac-
ciolà 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.

  3. 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, Pellica-
nò GF. Head and neck squamous cell carcinoma and 
its correlation with human papillomavirus in people li-
ving with HIV: a systematic review. Oncotarget 2018; 9: 
17171-17180.

  4. Nunnari G, Malaguarnera L, Lazzara F, Cambria G, Di-
stefano A, Longo A, Palumbo M, Fagone P, Di Rosa M. 
Th17 common genes in CD4 T-cells of HIV-1-infected 
naïve patients and elite controllers. Infect Dis Trop Med 
2015; 1: e121. 

  5. Pinzone MR, Nunnari G. Prevalence of comorbidities in 
a cohort of Women Living With HIV. Infect Dis Trop Med 
2015; 1: e165. 

  6. Di Rosa M, Fagone P, Pinzone Mr, Nunnari G. Cathepsin 
A levels in CD4+ T cells from HIV-Positive patients. In-
fect Dis Trop Med 2016; 2: e245. 

  7. Postorino Mc, Luciani F, Pellicanò G, Mangano C, Car-
pentieri Ms, Scerbo P, Priamo A, Berardelli G, Marino R, 
Vallone A, Carioti J, Serrao N, Pisani V, Costa C, Cesario 
F, Terremot A, Foti G, Cosco L, Corigliano D, Mazzitelli 
M, Strazzulla A, Nunnari G, Torti C. Number and cha-
racteristics of new HIV diagnoses in the Calabria region 
and in one nearby centre in Messina: A resurgent or still 
hidden epidemic in Southern Italy? Infect Dis Trop Med 
2016; 2: e297. 

  8. Fontana Del Vecchio R, Pinzone Mr, Celesia Bm, Paler-
mo F, Cacopardo B, Nunnari G. ZDV/3TC to ABC/3TC 
switch and bone marrow toxicity in the posthaart era. 
Infect Dis Trop Med 2015; 4: e39.

  9. Nuvoli S, Caruana G, Babudieri S, Solinas P, Pellicanò 
G, Piras B, Fiore V, Bagella P, Calia GM, Yue M, Spanu 
A, Madeddu G. Body fat changes in HIV patients on 
highly active antiretroviral therapy (HAART): a longitu-
dinal DEXA study. Eur Rev Med Pharmacol Sci 2018; 6: 
1852-1859.

 10. Castronuovo D, Pinzone MR, Moreno S, Cacopardo B, 
Nunnari G. HIV infection and bone disease: a review of 
the literature. Infect Dis Trop Med 2015; 2: e116.

 11. Pinzone MR, Gussio M, Bellissimo F, Coco C, Bisicchia F, 
Pellicanò G, Palermo F, Mughini MT, Cacopardo B, Nun-
nari G, Celesia BM. Self-reported sexual dysfunction in 
HIV-positive subjects: a cross-sectional study. Infect Dis 
Trop Med 2015; 2: e104.

 12. Pinzone MR, VanBelzen J, Weissman S, Bertuccio MP, 
Cannon L, Venanzi Rullo E, Migueles S, Jones RB, Mota 
T, Joseph SB, Groen K, Pasternak A, Hwang WT, Sher-
man B, Vourekas A, Nunnari G, O’Doherty U. Longitudi-
nal HIV sequencing reveals reservoir expression leading 
to decay, which is obscured by clonal expansion. Nat 
Commun 2019; 10: 728.



7

EBV-RELATED CANCER IN PLWH

shmania spp: the importance of neglected tropical dise-
ase in differential diagnosis. Open Access Maced J Med 
Sci 2018; 6: 843-847.

 41. 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, Pel-
licanò 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.

 42.  Pinzone MR, Cacopardo B, Condorelli F, Di Rosa M, 
Nunnari G. Sirtuin-1 and HIV-1: an overview. Curr Drug 
Targets 2013; 6: 648-652.

 43. D’Andrea F, Ceccarelli M, Venanzi Rullo E, Facciolà A, 
Marino A, Cacopardo B, Pellicanò GF, Nunnari G. Vac-
cines Against HPV in People Living with Hiv: A Review. 
World Cancer Res J 2019; 6: E1348.

 44. Ramos da Silva S, Helgui de Oliveira D. HIV, EBV and 
KSHV: Viral cooperation in the pathogenesis of human 
malignancies. Cancer letters 2011; 305: 175-185.

 45. Sarwari NM, Khoury JD, Hernandez CM. Chronic Ep-
stein Barr virus infection leading to classical Hodgkin 
lymphoma. BMC Hematol 2016; 16: 19.

 46. Saha A, Robertson ES. Epstein-Barr virus-associated B-
cell lymphomas: pathogenesis and clinical outcomes. 
Clin Cancer Res 2011; 17: 3056 - 3063. 

 47. Glynn FJ, Mackle T, Kinsella J. Upper airway obstruction 
in infectious mononucleosis. Eur J Emerg Med 2007; 
14: 41-42.

 48. Shannon-Lowe C, Rickinson AB, Bell AI. Epstein–Barr 
virus-associated lymphomas. Philos Trans R Soc Lond B 
Biol Sci 2017; 372: 20160271.

 49. Carbone A, Gloghini A, Caruso A, De Paoli P, Dolcetti R. 
The impact of EBV and HIV infection on the microenvi-
ronmental niche underlying Hodgkin lymphoma patho-
genesis. Int J Cancer 2017; 140: 1233-1245.

 50. Gaidano G, Carbone A, Dalla-Favera R. Genetic basis 
of acquired immunodeficiency syndrome-related lym-
phomagenesis. J Natl Cancer Inst Monogr 1998; 1998: 
95-100.

 51. Carbone A. Emerging pathways in the development of 
AIDS-related lymphomas. Lancet Oncol 2003; 4: 22-29.

 52. Petrara MR, Freguja R, Gianesin K, Zanchetta M, De 
Rossi A. Epstein-Barr virus-driven lymphomagenesis in 
the context of human immunodeficiency virus type 1 
infection. Front Microbiol 2013; 4: 311.

 53. Grogg KL, Miller RF, Dogan A. HIV infection and lym-
phoma, J Clin Pathol 2007; 60: 1365-1372.

 54. Engels EA, Pfeiffer RM, Landgren O, Moore RD. Immu-
nologic and virologic predictors of AIDS-related non-
hodgkin lymphoma in the highly active antiretroviral 
therapy era. J Acquir Immune Defic Syndr 2010; 54: 
78-84.

 55. International Collaboration on HIV and Cancer. Highly 
active antiretroviral therapy and incidence of cancer in 
human immunodeficiency virus-infected adults. J Natl 
Cancer Inst 2000; 92: 1823-1830.

 56. Akanmu AS. AIDS-associated malignancies. Afr J Med 
Med Sci 2006; 35: 57-70.

 57. Kluin PM, Harris NL, Stein H, Leoncini L, Raphael M, 
Campo E, Jaffe ES. B-cell lymphoma, unclassifiable, 
with features intermediate betwwwn diffuse large B-
cell lymphoma and Burkitt lymphoma. In: Swerdlow SH, 
Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, 
editors. WHO Classification of Tumours of Haematopo-
ietic and Lymphoid Tissues. IARC Press 2008; 265-266.

 58. Dunleavy K, Wilson WH. Role of molecular subtype in 
predicting outcome of AIDS-related diffuse large B-cell 
lymphoma. J Clin Oncol 2010; 28: 260.

 27. 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 presen-
tation of HIV infection: predictors of delayed diagnosis 
and survival in Eastern Sicily. Eur Rev Med Pharmacol Sci 
2013; 17: 2218-2224.

 28. Nunnari G, Sullivan J, Xu Y, Nyirjesy P, Kulkosky J, Ca-
vert W, Frank I, Pomerantz RJ. HIV type 1 cervicovaginal 
reservoirs in the era of HAART. AIDS Res Hum Retrovi-
ruses 2015; 21: 714-718. 

 29. 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.

 30. Trovato M, Ruggeri RM, Sciacchitano S, Vicchio TM, Pi-
cerno I, Pellicanò G, Valenti A, Visalli G. Serum interleu-
kin-6 levels are increased in HIV-infected patients that 
develop autoimmune disease during long-term follow-
up. Immunobiol 2018; 223: 264-268.

 31. Squillace N, Ricci E, Quirino T, Gori A, Bandera A, Caren-
zi L, De Socio GV, Orofino G, Martinelli C, Madeddu G, 
Rusconi S, Maggi P, Celesia BM, Cordier L, Vichi F, Calza 
L, Falasca K, Di Biagio A, Pellicanò GF, Bonfanti P, CISAI 
Study Group. Safety and tolerability of Elvitegravir/Co-
bicistat/Emtricitabine/Tenofovir Disoproxil fumarate in a 
real life setting: data from surveillance cohort long-term 
toxicity antiretrovirals/antivirals (SCOLTA) project. PLoS 
One 2017; 12: e0179254. 

 32. Bellissimo F, Pinzone MR, Cacopardo B, Nunnari G. Dia-
gnostic and therapeutic management of hepatocellular 
carcinoma. World J Gastroenterol 2015; 21: 12003.

 33. 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: epide-
miology and clinical management. World Cancer Res J 
2019; 6: e1295.

 34. D’Andrea F, Ceccarelli M, Facciolà A, Nunnari G, Pel-
licanò GF, Venanzi Rullo E. Breast cancer in women li-
ving with HIV. Eur Rev Med Pharmacol Sci 2019; 23, 3: 
1158-1164.

 35. Visalli G, Bertuccio MP, Currò M, Pellicanò G, Sturniolo 
G, Carnevali A, Spataro P, Ientile R, Picerno I, Cavallari 
V, Piedimonte G. Bioenergetics of T cell activation and 
death in HIV type 1 infection. AIDS Res Hum Retroviru-
ses 2012; 28: 1110-1118.

 36. 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.

 37. 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.

 38. 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 Inhibi-
tors (Review). Mol Med Rep 2019; 19: 1987-1995.

 39. Pinzone MR, Fiorica F, Di Rosa M, Malaguarnera G, Ma-
laguarnera L, Cacopardo B, Zanghi G, Nunnari G. Non-
AIDS-defining cancers among HIV-infected people. Eur 
Rev Med Pharmacol Sci 2012; 16: 1377-1388.

 40.  Ceccarelli M, Venanzi Rullo E, Condorelli F, Vitale F, 
Marco VD, Nunnari G, Pellicanò GF. Unusual signs and 
symptoms in HIV-positive patients coinfected with Lei-



8

EBV-RELATED CANCER IN PLWH

 66. Pileri SA, Ascani S, Leoncini L, Sabattini E, Zinzani PL, 
Piccaluga PP, Pileri A Jr, Giunti M, Falini B, Bolis GB, Stein 
H Hodgkin’s lymphoma: the pathologist’s viewpoint. J 
Clin Pathol 2002; 55: 162-176.

 67. Boulanger E, Gérard L, Gabarre J, Molina JM, Rapp C, 
Abino JF, Cadranel J, Chevret S, Oksenhendler E. Pro-
gnostic factors and outcome of human herpesvirus 
8-associated primary effusion lymphoma in patients 
with AIDS. J Clin Oncol 2005; 23: 4372-4380.

 68. Lo YM, Chay LYS, Lo K-W, Zhang J, Lee JC, Hjelm NM, 
Johnson PJ, Huang DP. Quantitative analysis of cell-free 
Epstein-Barr virus DNA in plasma of patients with naso-
pharyngeal carcinoma. Cancer Res 1999; 59: 1188-1191.

 69. Lo YM, Chan LY, Chan AT, Leung SF, Lo KW, Zhang J, Lee 
JC, Hjelm NM, Johnson PJ, Huang DP. Quantitative and 
temporal correlation between circulating cell-free Ep-
stein-Barr virus DNA and tumor recurrence in nasopha-
ryngeal carcinoma. Cancer Res 1999; 59: 5452-5455.

 70. Melbye M, Cotè TR, Kessler L, Biggar RJ and the AIDS/
Cancer Working Group. Nasopharyngeal carcinoma: 
an EBV- associated tumour mot significantly influenced 
by HIV-induced immunosuppression. British J Cancer 
1996; 73: 995-997.

 71. Frisch M, Biggar RJ, Goedert JJ. Human papillomavirus-
associated cancers in patients with human immunode-
ficiency virus infection and acquired immunodeficiency 
syndrome. J Natl Cancer Inst 2000; 92: 1500-10.

 72. Shebl FM, Bhatia K, Engels EA. Salivary gland and naso-
pharyngeal cancers in individuals with acquired immu-
nodeficiency syndrome in United States. Int J Cancer 
2010; 126: 2503-2508.

 59. Chadburn A, Chiu A, Lee JY, Chen X, Hyjek E, Ban-
ham AH, Noy A, Kaplan LD, Sparano JA, Bhatia K, 
Cesarman E. Immunophenotypic analysis of AIDS-
related diffuse large B-cell lymphoma and clinical im-
plications in patients from AIDS Malignancies Con-
sortium clinical trials 010 and 034. J Clin Oncol 2009; 
27: 5039-5048

 60.  Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, 
Siebert R, Advani R, Ghielmini M, Salles GA, Zelenetz 
AD, Jaffe ES. The 2016 revision of the World Health Or-
ganization classification of lymphoid neoplasms. Blood 
2016; 127: 2375-2390.

 61. Molyneux EM, Rochford R, Griffin B, Newton R, Jackson 
G, Menon G, Harrison CJ, Israels T, Bailey S. Burkitt’s 
lymphoma. Lancet 2012; 379: 1234-1244.

 62. Queiroga EM, Gualco G, Weiss LM, Dittmer DP, Araujo 
I, Klumb CE, Harrington WJ Jr, Bacchi CE Burkitt lym-
phoma in Brazil is characterized by geographically di-
stinct clinicopathologic features. Am J Clin Pathol 2008; 
130: 946-956.

 63.  Bibas M, Castillo JJ. Current knowledge on HIV-asso-
ciated Plasmablastic Lymphoma. Mediterr J Hematol 
Infect Dis 2014; 6: e2014064.

 64. Boy SC, van Heerden MB, Babb C, van Heerden WF, 
Willem P. Dominant genetic aberrations and coexistent 
EBV infection in HIV-related oral plasmablastic lympho-
mas. Oral Oncol 2011; 47: 883-887.

 65. Castillo JJ, Furman M, Beltràn BE. Human immunode-
ficiency virus-associated plasmablastic lymphoma: poor 
diagnosis in the era of Highly Active Antiretroviral The-
rapy. Cancer 2012; 118: 5270-5277.


