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Simple Summary: Epstein–Barr virus (EBV)-associated lymphoproliferative disorders have been
garnering attention in recent years. EBV infects people primarily in their first years of life. The
viral genome is maintained in a latent phase within the host cells, usually B-lymphocytes. The
immunosuppression of different origins alters homeostasis between the virus and the host, enabling
EBV-linked lymphoproliferative disorders to appear. Entities with different biological behaviors
often share some morphological and phenotypic features, making the diagnosis complicated. Nodal
and extra-nodal sites, including the gastrointestinal tract may be involved. This review, divided into
three parts, aims to summarize the available clinical, pathological, molecular and therapeutic data on
EBV-associated lymphoproliferative disorders involving the gastrointestinal tract. In this part of the
review, we discuss plasmablastic lymphoma, extra-cavitary primary effusion lymphoma and Burkitt
lymphoma.
Abstract: Epstein–Barr virus (EBV) is a common pathogen infecting people primarily early in life.
The virus has the ability to persist throughout a person’s life, usually in B lymphocytes. Conditions
of immunodeficiency as well as the introduction of immunosuppressive therapies and the advent of
transplant technologies has brought immunodeficiency-associated lymphoproliferative disorders
into view, which are often driven by EBV. The group of EBV-associated lymphoproliferative disorders
includes different entities, with distinct biological features, ranging from indolent disorders, which
may even spontaneously regress, to aggressive lymphomas requiring prompt and adequate treatment.
These disorders are often diagnostically challenging due to their overlapping morphology and
immunophenotype. Both nodal and extra-nodal sites, including the gastrointestinal tract, may be
involved. This review, divided in three parts, summarizes the clinical, pathological, molecular
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features and treatment strategies of EBV-related lymphoproliferative disorders occurring in the
gastrointestinal tract and critically analyzes the major issues in the differential diagnosis. In this part
of the review, we discuss plasmablastic lymphoma, extra-cavitary primary effusion lymphoma and
Burkitt lymphoma.
Keywords: Epstein–Barr virus; plasmablastic lymphoma; primary effusion lymphoma; Burkitt
lymphoma

1. Introduction
EBV represents the most common persistent virus in humans, as after primary infection in the first years of life, the virus has the ability to latently persist in B lymphoid
cells [1–12]. Since the discovery of the virus more than 50 years ago, EBV contribution
to the development of a wide and expanding spectrum of lymphoproliferative disorders
(LPDs) has been recognized.
While EBV is the common denominator of entities with different pathological features
and clinical behaviors, other factors, including the state of the host immune system, iatrogenic immunosuppression (IS), age-related immune-senescence and genetic alterations,
play important roles in the pathogenesis of EBV-associated LPDs [1–12].
The incidence of different entities varies according to the geographical areas.
Some EBV-positive LPDs, such as EBV-positive diffuse large B-cell lymphoma, not
otherwise specified (EBV-positive DLBCL, NOS) and Burkitt lymphoma (BL), have a higher
incidence in areas with high rates of EBV infection [8]. Depending on the infected cell type,
EBV-positive LPDs are divided in B-, T- and NK-cell categories [8,9]. These disorders may
occur in both nodal and extra-nodal sites [8,9].
For therapeutic reasons, the correct identification of different lymphoid entities linked
to EBV is essential, and it may be diagnostically challenging as different entities share
morphological and immunophenotypic features.
EBV is associated with many tumors, including epithelial, mesenchymal and hematopoietic neoplastic proliferations.
The EBV-associated lymphoid disorders are summarized in Supplementary Table S1.
The gastrointestinal tract (GIT) is a common site of EBV-driven LPDs.
In this review, we focus on LPDs that develop in the GIT, in which EBV detection
is considered a diagnostic parameter. Some of these entities may even develop in inflammatory bowel disease (IBD). The mechanism underlying the association of IBD with
EBV-associated hematopoietic disorders still remains not completely clarified [13–26]. The
multi-agent immunomodulatory treatment of IBD and EBV infection, more than IBD itself,
may have potential roles in LPDs, as mentioned in the first part of this review, which
discussed EBV-positive mucocutaneous ulcer (EBVMCU) and classic Hodgkin lymphoma
(cHL), which may occur in IBD patients [13–29].
Our review consists of three parts. In this part, we describe the clinicopathological
features of plasmablastic lymphoma (PBL), extra-cavitary primary effusion lymphoma
(EC-PEL) and Burkitt lymphoma (BL).
In part 1 of the review, we discussed EBVMCU, EBV-positive DLBCL, NOS and
cHL [8].
In part 3, we will analyze, post-transplant lymphoproliferative disorders (PTLDs);
chronic active EBV (CAEBV) infection of T- and NK-cell types; and extra-nodal NK/T-cell
lymphoma (ENKTL), nasal type [8].
The exact role of EBV in the pathogenesis and development of many LPDs is often not
completely elucidated.
Among the entities discussed in the present paper, BL represents the first example
of a virus-associated lymphoma. Due to the different associations of EBV in the three
variants of BL and the restrictive latency pattern with only the expression of EBNA-1, some
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authors suggest that the virus may not be the initiating event for BL, with the oncogenic
capacity of EBNA1 being controversial [2,30]. Recently, the importance of a polymicrobial
environment in the pathogenesis of BL has been hypothesized [31].
PEL is strictly linked to Kaposi Sarcoma Herpes Virus/Human Herpes Virus 8
(KSHV/HHV8), which is considered the main driving force in its pathogenesis; EBV
is not present in all cases of PEL and it is supposed to play a cofactor role [32].
Similar to PEL, in PBL, EBV is identified in a proportion of cases and it is likely to have
a pathogenetic role in conjunction with other factors such as MYC gene rearrangement [30].
Further studies, even with the use of new technologies such as next generation sequencing
analysis, might help in better understanding the exact role of EBV in the pathogenesis of
EBV-associated LPDs.
2. PBL
2.1. General Features and Etiology
PBL, initially considered a morphological variant of diffuse large B-cell lymphoma
(DLBCL), was identified as a distinct entity starting in the 2008 WHO classification [33].
PBL is a high-grade lymphoma initially reported in the jaw and oral cavity of young,
HIV-positive males [8,34,35].
It may develop even in the context of other causes of IS, including autoimmune
disorders, post-transplant, iatrogenic IS and age-related immune-senescence [36,37]. Immunocompetent individuals may also be affected [36,37].
The disease shows a male prevalence of 4–5:1, occurring at any age, although HIVpositive individuals may develop PBL at a younger age (median 42 years) compared with
PBL associated with other conditions of IS (median 60) [8,38].
PBL is predominantly an extra-nodal disease, with a predilection for the oral cavity in
HIV-positive individuals, with the GIT being the second most common site. Other extranodal sites such as the skin, bone, genitourinary tract, sino-nasal tract, central nervous
system (CNS), liver, lung and orbits are more rarely reported [8,34–60].
Nodal involvement is rare, particularly in HIV-positive cases, whereas it is more
frequently observed in post-transplant cases [37].
EBV is likely to have a pathogenetic role in PBL occurrence. Particularly in the context
of HIV infection, a large number of PBL cases harbor EBV as documented by EBV-encoded
ribonucleic acid (EBER) in situ hybridization (ISH) [39]. However, other mechanisms must
be involved as EBER is negative in approximately 30% of PBL cases. The mechanism
of EBV-related lymphomagenesis consists of different steps, including the prevention of
apoptosis induced by several viral-encoded products and the blockage of hypomethylation
in B cells causing their immortalization [40].
2.2. PBL and GIT
The GIT represents the most common extraoral site, accounting for approximately
30% of extraoral PBL [38].
In GI PBL, male patients are affected almost twice as often as female [41] and the
median age is around 50 years; similar to other localizations, HIV-positive patients are
younger (approximately 40 years) than HIV-negative one (more than 60 years) [41].
The rectum and anal canal have been reported as the most commonly involved sites,
particularly in HIV-positive patients [42,43]. In a recent review, the most common GI
sites were the stomach; small bowel; and large bowel, including the colon and rectum, in
decreasing order [39]. The possible reasons for these differences might be the prevalence of
the HIV-negative cases evaluated and the high number of patients with Crohn’s disease,
which is typically a disease of the small bowel [39].
The association between IBD and non-Hodgkin lymphomas, including PBL, is wellknown. The risk of lymphoma in IBD patients seems to be related to the treatment more
than to the disease itself, in particular with thiopurines and to a lesser extent with antitumor necrosis factor α (anti-TNFα) [39,44,45].
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CD45 and B‐cell markers (CD20 and PAX5) are generally negative (Figure 3) or
weakly positive in a small number of cells; CD79 alpha is positive in approximately 40%
of cases. EMA and CD30, as well as cytoplasmic immunoglobulins, most commonly IgG,
are often expressed. BCL2 and BCL6 are negative whereas CD10 is positive in about 20%
of cases [36]. The proliferative index (ki67) is elevated. HHV8 is negative. T‐cell markers
may be aberrantly expressed, more often in EBV‐positive cases and in immunocompro‐
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Figure 2. (A) PBL of the colon: MUM18 expression of the neoplastic proliferation (immunostaining, Ventana im‐
munostainer, magnification 100×; original image from Prof Ascani); (B) PBL of the colon: diffuse EBV positivity of the
neoplastic cells (EBER‐ISH , magnification 200×; original image from Prof Ascani).
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3. PBL of the colon: the lack of B-cell marker expression is a feature common among neoplasms
plasms with plasma cell differentiation such as PBL and PEL (CD20 immunostaining, Ventana
with plasma cell differentiation such as PBL and PEL (CD20 immunostaining, Ventana immunostainer,
immunostainer, magnification 400×; original image from Prof Ascani).
magnification 400×; original image from Prof Ascani).
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tients. In EBER-positive cases, LMP1 is rarely expressed, indicating type I latency pattern.
The latency pattern type II is observed in PBL arising in HIV-positive individuals or in
transplantation [39]. EBER-positive PBLs are usually associated with the expression of
programmed cell death protein 1 (PD-1/PD-L1), MYC rearrangement and a better outcome
than EBER-negative PBL [58–60].
Clonal immunoglobulin heavy chain (IGH) rearrangement is usually identified, even
when immunoglobulin (Ig) expression is not demonstrable by immunohistochemistry. IGH
variable region genes (IGHV) may have somatic hypermutation or may be unmutated
with a germline configuration [48]. c-MYC plays important roles in cellular proliferation,
protein synthesis and apoptosis. About 50% of PBL cases show MYC rearrangement,
generally with an Ig gene partner, and are associated with MYC protein overexpression by
immunohistochemistry [58]. MYC amplification and deletion are also detected in 11% and
4% of PBL cases, respectively [49]. MYC rearrangement usually occurs in association with
a positive EBER status, CD10 expression and PRDM1 gene mutation and in the absence of
mutations in the MYC promoter region [37,49,50]. Mutations in the PRDM1 gene, encoding
for the BLIMP1 protein often expressed by PBL, has been found in some cases, and it acts
as an MYC regulator [51]. The oncogenic activation of MYC in PBL plays an important
pathogenetic role in association with EBV infection [49].
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2.4. Differential Diagnosis
In the current WHO classification, there are distinct lymphomas with plasmablastic
morphology and immunophenotype to be considered in the differential diagnosis with PBL,
including EC-PEL, EBV-positive DLBCL, NOS, BL, anaplastic lymphoma kinase positive
large B-cell lymphoma (ALK-positive LBCL) and plasmablastic myeloma (PM) [8,61–63].
PEL, in its solid/extra-cavitary variant, usually involves lymph nodes, although it
is reported even at extra-nodal sites, including the GIT. Similar to PBL, EC-PEL occurs
often in immunocompromised patients and typically expresses plasma cell-related markers,
CD30 and EMA, whereas B-cell antigens are often negative, although more frequently
expressed in the extra-cavitary variant. Unlike in PBL usually expressing immunoglobulin
(often IgG), cytoplasmic immunoglobulin are generally absent in PEL, although reported
with higher expression in EC-PEL. In PEL, EBV infection is present mainly in HIV-positive
individuals. KSHV/HHV8 expression in PEL allows for differential diagnosis with PBL,
which is consistently HHV8-negative [64].
Unlike PBL, EBV-positive DLBCL, NOS shows a pan B-cell phenotype, strongly
expressing CD20 and PAX5, in the absence of plasma cell-associated markers [52,53].
BL shows some similarities with PBL such as frequent occurrence in HIV-positive
hosts, the presence of plasmacytic differentiation, EBER positivity and MYC rearrangement.
However, the phenotype is clearly distinct as BL expresses CD20 and CD10.
ALK-positive LBCL is a high-grade lymphoma usually involving lymph nodes and
mediastinum, although extra-nodal sites may be involved. Patients are usually diagnosed
in the advanced stage. The neoplastic cells show an immunoblastic or plasmablastic
morphology and a rather striking intrasinusoidal growth pattern. Similar to PBL, the
neoplastic cells strongly express plasma cell-related markers and EMA and are negative
or focally positive for B-cell associated markers and CD45. Unlike PBL, which is often
CD30 and EBV positive, ALK-positive DLBCL is usually negative or weakly positive for
CD30 and is always EBV-negative. The lymphoma cells are strongly positive for the ALK
protein with a restricted granular cytoplasmic staining pattern, which is indicative of
t(2;17)(p23;q23) or CTLC-ALK fusion protein. Few cases show cytoplasmic, nuclear and
nucleolar ALK staining associated with the NPM-ALK fusion protein [61].
PM and PBL share morphological and immunophenotypic features with the expression of plasma cell-related markers. The presence of IS and a positive EBV status favor PBL.
On the other hand, the identification of multiple lytic bone lesions and renal dysfunction
plus laboratory data such as monoclonal paraproteinemia, hypercalcemia and light chain
proteins in urine support a diagnosis of PM. CD56 and cyclin-D1 expression by neoplastic
cells is also in favor of PM. However, in some cases, especially with a solitary lesion, a
definitive distinction cannot be made, and according to the current WHO, the use of a
descriptive diagnosis such as “plasmablastic neoplasm consistent with PBL or PM” is
acceptable [8].
In some PBL cases, the aberrant expression of T-cell markers represents a potential
pitfall which that lead to an erroneous diagnosis of T-cell lymphoma.
The main distinguishing features of PBL, PEL and BL are summarized in Table 1.
Table 1. Clinicopathologic features of PEL, PBL and BL.
PEL

PBL

BL

Immunosuppression

Usually present

Usually present

Present in the
immunodeficiency-associated variant

HIV status

+ (− in elderly and EBV-negative
cases)

+ (often); in HIV negative pts other
causes of IS are present.

+ in the immunodeficiency-associated
variant

Clinical presentation

Effusion in its classic form.
Extra-nodal sites (mostly) and
nodal sites in EC-PEL

Extra-nodal sites frequent; rarely
nodal sites

Extra-nodal sites mostly; nodal sites in the
Immunodeficiency associated variant

Histology

PBs/IBs in fluids in the classic
form; sheets of PBs/IBs in EC-PEL

PBs/IBs (diffuse pattern of growth)

Medium-sized cells (diffuse monotonous
pattern of growth)
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Table 1. Cont.
PEL

PBL

BL

CD45

+ (often − in EC-PEL)

− or weakly + in a minority of cells

+

CD20

− (often + in EC-PEL)

− or weakly + in a minority of cells

+

PAX5

− (often + in EC-PEL)

− or weakly + in a minority of cells

+

CD79α

− (often + in EC-PEL)

+ in about 40% of cases

+

MUM1/IRF4

+

+

−/+

CD10

-

− (+ in 20%)

+

BCL6

-

-

+

BCL2

+ often

-

− (rarely weakly +)

CD38

+

+

+ often

CD138

+

+

-

CD30

+

+

-

EMA

Often +

+

-

MYC protein

May be +
(due to HHV8-encoded latent
proteins)

+ (more often in EBV+ cases)

+

T cell markers

Occasionally + (more often in
EC-PEL)

Occasionally +

-

Light chain restriction

Absent (often + in EC-PEL)

+ (often IgG kappa or lambda)

+ (IgM kappa or lambda)

HHV8

+

-

-

EBV
(by EBER-ISH)

+ (− in elderly HIV-negative pts)

+ in HIV-positive pts and
post-transplant pts

>95% endemic variant;
20–30% sporadic variant; 25–40%
immunodeficiency-associated variant

MYC rearrangements

absent

Present in 50% of cases (mainly in
EBV-positive cases)

+ in 90% of cases

Clonality (Ig genes)

Monoclonal
(IgG genes hypermutated)

Monoclonal

Monoclonal

Outcome

Poor

Poor

Highly aggressive, but potentially curable

EBV: Epstein–Barr-virus; EC-PEL: extra-cavitary PEL; EBER-ISH: EBV-encoded RNA in situ hybridization; HIV: human immunodeficiency
virus; IBs: immunoblasts; Ig: immunoglobulin; PBs: plasmablasts; PBL: plasmablastic lymphoma; PEL: primary effusion lymphoma;
pts: patients.

2.5. Treatment and Outcome
PBL shows a dismal outcome with a median survival of 6–11 months. Currently,
there is no standard therapy for PBL patients. Due to the frequent CD20 negativity, rituximab has no role in PBL, and the CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone) scheme, used in DLBCL, is considered inadequate. More intensive regimens
such as hyper-CVAD-MA (hyper-fractionated cyclophosphamide vincristine, doxorubicin
and dexamethasone alternating with methotrexate and cytarabine), CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin, methotrexate alternating with ifosfamide, etoposide and cytarabine), COMB (cyclophosphamide, oncovin, methyl-CCNU and bleomycin)
and EPOCH (etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin) are
used [49]. Further possible therapeutic options include target therapy with the anti-CD30
Brentuximab Vedotin, immunomodulatory drugs such as Bortezomib and Lenalidomide,
and autologous hematopoietic stem cell transplantation (auto-HSCT) [49,54–57]. In HIVpositive patients, a combination of highly active anti-retroviral therapy (HAART) and
chemotherapy is used [50]. The majority of HIV-associated PBL harbor MYC abnormalities;
therefore, targeted therapies of oncogenic MYC are considered a potential treatment worthy
of evaluation [50]. Both EBV-positive and EBV-negative PBLs show high levels of immune
checkpoint protein (PD-1 and PD-L1) expression by the tumor cells and the macrophages
of the microenvironment. Therefore, an immune escape process is likely to be present in
PBL [60]. Anti-PD-1 agents represent possible new treatment strategies.
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3. EC-PEL
3.1. General Features and Etiology
PEL is an aggressive large B-cell lymphoma classically presenting exclusively as serous
effusions in the pleural, pericardial or peritoneal cavities in the absence of an identifiable
tumor mass [64]. Although by definition no mass lesion is present in PEL, a contiguous
extension of lymphoma into adjacent tissues may occur.
In a minority of cases (approximately 5%), lymphomas indistinguishable for PEL
present as solid tumor masses outside body cavities and have been recognized as EC-PEL
in the current WHO classification [8,65–75].
KSHV/HHV8 is the pathogen involved in all cases of PEL in both the serous-based
classic PEL and EC-PEL; HHV8 detection is a required diagnostic criterion for the disease.
Similar to classic PEL, the extra-cavitary variant most often occurs in HIV-infected
individuals or in severe immunodeficiency of some kind. Besides the context of HIV
infection, IS may be a consequence of either drugs, for instance following transplantation,
or aging [64,76]. The disease may develop in elderly from geographic areas where HHV8
infection is an endemic. Males are affected more frequently than females, and the disease
more often arises at younger age in individuals with HIV infection compared with HIVnegative patients (42 vs. 73 years) [8].
In the context of HIV infection, the neoplastic cells are often co-infected by HHV8
and EBV, whereas co-infection is documented more infrequently in HIV-negative cases [8].
EC-PEL occurs as a solitary tumor mass involving preferentially lymph nodes and more
rarely extra-nodal sites such as the skin, lungs, CNS and GIT [65–75]. The solid mass may
be the only manifestation of EC-PEL [68,72] or may be associated with effusions in the
disease course [73,74].
3.2. KSHV/HHV8
Similar to EBV, KSHV/HHV8 is a gamma human herpes virus that is lymphotropic
and oncogenic.
Unlike EBV, which is ubiquitous, KSHV/HHV8 is endemic in certain geographic areas
such as sub-Saharan Africa, Latin America, the Caribbean, the Mediterranean and Middle
Eastern countries.
The virus is transmitted through saliva, but it may also be transmitted sexually and
even vertically through breast milk. Other possible routes of transmission are blood
transfusion, intravenous drug use and transplant [64,76].
Epidemiologic evidence supports a fecal–oral route of spread and viral DNA has been
identified in rectal mucosa from HIV-positive individuals [77].
Similar to EBV, HHV8 may infect cells such as endothelial cells and lymphocytes,
persisting throughout a person’s life in a latent form. When the host immune control is
altered, HHV8 may reactivate the lytic replicative cycle producing viremia [64].
The virus was initially identified as having a pathogenetic role in Kaposi sarcoma
(KS) [78], and subsequently, it was identified in HHV8-positive multicentric Castleman’s
disease (HHV8-positive MCD) [79], PEL [80] and, recently, in germinotropic lymphoproliferative disorder (GLPD) [81–83]. HHV8 is also strictly linked to HHV8-positive diffuse
large B-cell lymphoma, not otherwise specified (HHV8-positive DLBCL, NOS), an aggressive lymphoma mainly occurring in MCD patients [8]. With the exception of GLPD,
all other KSHV/HHV8-related diseases occur predominantly in immunocompromised
individuals.
3.3. EC-PEL and GIT
EC-PEL may occur in any part of the GIT, including the anorectal site, although the
stomach and large bowel are more often involved [65–75].
The tumor may present as a mass; a polypoid lesion; or a thickening of the gastrointestinal (GI) wall, with or without nodal involvement [65–75].
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In GIT, EC-PEL have also been reported before the development of effusions [73]
and following the resolution of a classic PEL [74]. Despite the GIT being a reservoir of
HHV8, EC-PEL is rarely detected in GIT; this may be explained by the difficulty in correctly
identifying this entity unless HHV8 immunostaining is used.
3.4. Histology, Immunophenotype and Genetic Profile
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HHV8-encoded latent proteins, including latency-associated nuclear antigen-1 (LANA1), LANA-2/vIRF-3, viral cyclin, viral FLICE inhibitory protein (v-FLIP) and kaposin, are
considered to play significant roles in PEL. These proteins are related to inhibition of apoptosis (TP53 and RB genes) and activation of the NF-kB, JAK/STAT and PI3K/AKT/mTOR
pathways involved in the survival of PEL [58].
3.5. Differential Diagnosis
The diagnosis of EC-PEL can be challenging. The difficulty to identify EC-PEL can be
explained by the unusual extra-cavitary presentation, the histological features overlapping
with other more common lymphomas and the immunophenotype often lacking B-cell
markers.
The differential diagnosis is broad and includes anaplastic large cell lymphoma
(ALCL); EBV-positive DLBCL, NOS; PBL; HHV8-positive DLBCL, NOS; ALK-positive
LBCL; and PM.
The anaplastic morphology and the intrasinusoidal growth observed in some cases of
PEL [64] in combination with the possible aberrant T-cell marker expression and strong
CD30 positivity may suggest a diagnosis of ALK-negative anaplastic large cell lymphoma
(ALCL). Rare cases of intravascular (IV) NK/T cell lymphoma, EBV-positive have been
reported. Intravascular lymphoma is more often of B-cell lineage and, rarely, EBV-positive,
whereas the rare cases of IV lymphoma of NK/T cell origin are more often EBV-associated.
Skin and CNS are more frequently involved, although any site can be affected [84].
Performing a panel of immunostainings including plasma cell-related markers and, in
particular, HHV8 helps to avoid missing the diagnosis of EC-PEL; molecular analysis may
further support the diagnosis.
Unlike the classic form of PEL, which is usually negative for B-cell markers, ECPEL often expresses some B-cell markers and should be differentiated from EBV-positive
DLBCL, NOS. HHV8 positivity represents the diagnostic criterion for PEL.
The distinction of EC-PEL from PBL has been discussed in the section on PBL.
PEL, in both the classic and extra-cavitary variants, belongs to the spectrum of HHV8related lymphoid disorders including HHV8-positive MCD [85]; GLPD [81–83]; and HHV8positive DLBCL, NOS [8].
Among these HHV8-linked entities, HHV8-positive DLBCL, NOS is differentially
diagnosed with EC-PEL.
HHV8-positive DLBCL, NOS is an aggressive lymphoma usually developing in HIVpositive hosts, mainly in the setting of HHV8-positive MCD and involves lymph nodes,
the spleen and the liver, although extra-nodal sites and BM may be affected [8]. It is
composed of sheets of PBs, which by definition, are HHV8-positive and EBV-negative,
whereas EC-PEL is often, although not always, co-infected by HHV8 and EBV.
The neoplastic cells of HHV8-positive DLBCL, NOS have the same MCD phenotype
with characteristic expressions of IgM lambda, MUM1/IRF4 and CD38, and is absent or
weak positivity for B-cell markers, CD30 and CD138.
Unlike HHV8-positive DLBCL, NOS, PEL usually expresses CD138, EMA and CD30
and lacks cytoplasmic immunoglobulin.
In contrast with PEL, ALK-positive LBCL is always negative for HHV8 and EBER, and
CD30 is negative or only weakly and focally positive; ALK staining confirms the diagnosis
of ALK-positive LBCL.
The distinction between PEL and PM frequently relies on clinical correlation. The
presence of lytic bone lesions and a serum monoclonal protein favors the diagnosis of PM.
3.6. Treatment and Outcome
The outcome of PEL is dismal with a median survival of less than 6 months despite
intensive chemotherapy.
EC-PEL in HIV-positive hosts seems to have a slightly better outcome than patients
with classic PEL, with a median survival of 11 months vs. 3 months [65]. The study
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by Lurain et al. reported EBV negativity and high interleukin-6 serum levels as poor
prognostic factors [86]. Rituximab is ineffective due to the absence of CD20 expression, and
CHOP-based chemotherapy is inadequate; more intensive chemotherapy such as EPOCH,
or more recent treatments targeting proteasome, the NF-kB pathway or anti-CD30 therapy
are needed, and more studies should be performed [58,87].
4. BL
4.1. General Features and Etiology
BL is a highly aggressive B-cell lymphoma, named after the surgeon who first identified it in the 1950s in Uganda as a rapidly growing neoplasm in children with jaw and
abdominal masses [88–90].
In the current WHO classification, there are three epidemiological subtypes of BL:
endemic, sporadic and immunodeficiency-related [8].
BL is the first historical example of a virus-associated human neoplasm and shows
activation of the MYC oncogene [89]. The strength of EBV association with BL varies
geographically and, hence, among the different forms of BL.
Endemic BL occurs in certain geographical area (equatorial Africa and Papua New
Guinea) with a strict epidemiological correlation with malaria and the EBV genome is
identified in >95% of cases of endemic BL [90].
Local environmental factors play a contributory role in BL development [91,92]. In
endemic BL, EBV has an etiologic role, acting in synergy with a polymicrobial environment,
in particular with Plasmodium falciparum and even with other viruses, such as herpesviruses
HHV5 and HHV8 [91,92].
Endemic BL is the most common pediatric malignancy in equatorial Africa and
Papua New Guinea, with a male predilection (M:F = 2:1) and a median age of 7 years at
presentation [89]. The early perinatal EBV infection in these geographical areas probably
has a role in the occurrence of endemic BL early in childhood [93].
Sporadic BL is observed worldwide, generally in children and young adults, although three peaks of age at 10, 40 and 70 years are observed; there is a male prevalence
(M:F = 2–3:1) [94,95]. In Europe and USA, sporadic BL represents 1–2% of all lymphomas,
whereas in certain geographical areas (South America and North Africa), the incidence of
sporadic BL is much higher [94,95]. About 20–30% of the sporadic cases are EBV-positive,
and EBV-positive sporadic BL are more frequent in adults than in children [94].
Immunodeficiency-related BL occurs in middle-aged HIV-positive patients, often early
in the disease course when the count of CD4+ T cells is still high and the use of HAART
has not decreased BL incidence [96]. Immunodeficiency-associated BL may also be seen in
transplant recipients and individuals with congenital immunodeficiency. EBV is found in
about 25−40% of immunodeficiency-associated cases.
BL involves mainly extra-nodal sites with some differences among the three forms.
In endemic BL, the most frequently involved site at presentation is the head and neck
area (jaw and facial bones), although the ileocecal region is also frequently involved.
In sporadic BL, the disease more frequently presents as an abdominal mass (especially
terminal ileum and cecum) and more uncommonly in the facial region. Other sites involved
in both sporadic and endemic forms are the gonads, kidneys and breasts. Lymph node
presentation is rare but observed more frequently in adults.
The immunodeficiency-associated BL shows nodal and BM involvement more often.
The presentation of the disease as acute leukemia is rare in the endemic form. All of the
variants of BL may involve the CNS.
4.2. BL and GIT
BL often affects the GIT, although the frequency of GIT involvement varies among the
three forms.
Primary GI involvement is observed more frequently in the sporadic form.
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The reciprocal chromosomal translocation between the MYC proto-oncogene and one
of the IG genes is identified in BL, irrespective of the epidemiological form and of whether
or not BL carries EBV.
However, MYC translocations may occur even in other types of lymphoma and are
not specific of BL.

Cancers 2021, 13, 4527

15 of 20

Cancers 2021, 13, x FOR PEER REVIEW

16 of 21

duodenum:
diffuse
EBVEBV
expression
by in situ
hybridization
(EBER‐ISH,
Figure 11.
Figure
11. (A)
(A)BL
BLofofthe
the
duodenum:
diffuse
expression
by in
situ hybridization
(EBER-ISH,
magnification 200×; original image from Prof Ascani); (B) BL of the duodenum: diffuse MYC pro‐
magnification 200×; original image from Prof Ascani); (B) BL of the duodenum: diffuse MYC protein
tein overexpression of the lymphoid cells (immunostaining, Ventana immunostainer, magnifica‐
overexpression
of image
the lymphoid
cells
(immunostaining, Ventana immunostainer, magnification 200×
tion 200X original
from Prof
Ascani).
original image from Prof Ascani).

The reciprocal chromosomal translocation between the MYC proto‐oncogene and
A the
breakpoint
long arm
of chromosome
at the
8q24 locus, next
or within
one of
IG genesinis the
identified
in BL,
irrespective of8 the
epidemiological
formtoand
of
the
MYC
gene,
is
involved
in
the
three
most
common
translocations.
In
the
majority
of
whether or not BL carries EBV.
BL (about
80%),
there
is the translocation
(t(8;14)(q24;q32))
thatoftransposes
telomeric
However,
MYC
translocations
may occur
even in other types
lymphomathe
and
are
region
of chromosome
8 to the IGH on chromosome 14.
not specific
of BL.
Other
translocations
such
(p12;q24)
and
(q24;q11)
areorpresent
A
breakpoint
in the long
armasoft(2;8)
chromosome
8 at
thet(8;22)
8q24 locus,
next to
within in a
subset
of gene,
cases.is involved in the three most common translocations. In the majority of BL
the MYC
In 80%),
sporadic
immunodeficiency-related
BL, the
are
usuallyre‐
within
(about
thereand
is the
translocation (t(8;14)(q24;q32))
that breakpoints
transposes the
telomeric
gion
of chromosome
8 to the in
IGH
onendemic
chromosome
14.the breakpoints are dispersed several
or
close
to MYC, whereas
the
form,
Otherkilobases
translocations
such
as t(2;8) (p12;q24)
and[99,100].
t(8;22) (q24;q11)
are present
in a sub‐
hundred
further
upstream
of the gene
About 10%
of BL cases
lack an
set
of
cases.
identifiable MYC rearrangement [8]. According to the current WHO classification in these
In sporadiccases,
and immunodeficiency‐related
BL, the breakpoints
are usually within criteria
or
MYC-negative
stringent clinical, morphological
and immunophenotypic
close
to
MYC,
whereas
in
the
endemic
form,
the
breakpoints
are
dispersed
several
hun‐
need to be used to rule out lymphomas that may simulate BL. Some of these cases lacking
gene [99,100].
About
10% of BL cases
lack an with
iden‐ 11 q
dred kilobases
further upstream
theprovisional
MYC
rearrangement
representofthe
entity
Burkitt-like
lymphoma
tifiable
MYC
rearrangement
[8].
According
to
the
current
WHO
classification
in
these
aberration [8].
MYC‐negative
cases,
stringent
clinical,
morphological
and
immunophenotypic
criteria
From the activation of oncogenes such as MYC, some direct consequences are cell
need to be
used
to rule out lymphomas
may
simulate BL.
Some[99].
of these cases lacking
growth
and
proliferation,
which may that
cause
lymphoma
genesis
MYCHowever,
rearrangement
represent
the
provisional
entity
Burkitt‐like
lymphoma
with
q ab‐
activated MYC may also induce cell death by apoptosis and
an11
irreversible
erration [8].
block to proliferation named senescence [99]. Lymphoma may develop only if these latter
From the activation of oncogenes such as MYC, some direct consequences are cell
processes are repressed.
growth and proliferation, which may cause lymphoma genesis [99].
EBV promotes epigenetic changes of the proapoptotic protein named Bim, inhibiting
However, activated MYC may also induce cell death by apoptosis and an irreversible
Bim function and, hence, favoring cell survival [99,100]. In BL, EBV shows the latency
block to proliferation named senescence [99]. Lymphoma may develop only if these latter
pattern
I. This represents the most restricted latency pattern with only the expression
processes are repressed.
of EBNA-1.
EBV shows
a synergic
function
with B lymphoid
cells Bim,
harboring
a MYC
EBV promotes
epigenetic
changes of
the proapoptotic
protein named
inhibiting
translocation,
leading
to
the
inhibition
of
the
proapoptotic
signaling
[99,100].
Bim function and, hence, favoring cell survival [99,100]. In BL, EBV shows the latency
pattern I. This represents the most restricted latency pattern with only the expression of
4.4. Differential Diagnosis
EBNA‐1. EBV shows a synergic function with B lymphoid cells harboring a MYC translo‐
BLleading
need totobe
from
high-gradesignaling
B-cell lymphoma
cation,
thedifferentiated
inhibition of the
proapoptotic
[99,100]. with MYC and BCL2

and/or BCL6 rearrangements, so called double-hit and triple-hit lymphomas.
A subset of these lymphomas (about 50%) shows morphological features closely
mimicking BL or has features in between DLBCL and BL.
The diffuse proliferation of monomorphic, medium-sized cells simulates BL although
the cytoplasm is probably less basophilic than those in BL and the cytoplasmic vacuoles
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are absent. BL can be ruled on the basis of the immunophenotype (often strong BCL2
expression in contrast to the absent or weak BCL2 expression in BL) and molecular genetic
findings.
A subset of BL shows plasmacytic features and needs to be distinguished from other
lymphomas with plasma cell differentiation such as PBL and PEL. Unlike these neoplasms
often lacking B-cell markers, BL shows a pan-B-cell phenotype.
Of note, the provisional entity of Burkitt-like lymphoma with 11 q aberration has to
be excluded in cases resembling BL but lacking MYC rearrangements. Compared with
BL, this subset of lymphomas often involves lymph nodes and shows a certain degree of
nuclear pleomorphism.
4.5. Treatment and Outcome
Current treatments employ intensive, multi-agent regimens that have significantly
improved the overall survival of BL patients to almost 90% of cases [101].
The chemotherapeutic schemes involve CODOX-M/IVAC (cyclophosphamide, vincristine, doxorubicin, high-dose methotrexate/ifosfamide, etoposide and high-dose cytarabine) and DA-EPOCH-R (etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin and rituximab). Modified Berlin–Frankfurt–Münster (BMF) chemotherapeutic
regimens plus rituximab have been adopted in adult patients affected by BL, with high
rates of complete response (CR) and durable responses [102]. Due to the high risk of CNS
involvement, CNS prophylaxis with intrathecal methotrexate and/or cytarabine is always
performed. The tumor lysis syndrome (TLS) is a potential complication of high-dose intensive chemotherapy due to rapid tumor growth. CNS and BM involvement are associated
with worse prognosis.
5. Conclusions
Clinicians and pathologists should be aware of the complex and expanding spectrum
of EBV-linked LPDs that may arise even in the GIT. These entities are often difficult to
correctly diagnose not only due to their rarity but also due to their overlapping morphologic
and immunophenotypic features shared by different entities.
Their diagnoses should be based on the evaluation of multiple parameters such as
clinical data, morphology, immunophenotyping and genetic analysis.
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