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Abstract

The Epstein-Barr virus (EBV) is a member of the herpes fam-
ily of viruses and is very common in humans. EBV is most of-
ten associated with infectious mononucleosis. However, it is
estimated that 1% of tumors including lymphoproliferative,
epithelial and mesenchymal are linked to EBV infection. EBV
has a tropism for certain epithelial cells, lymphocytes and
myocytes. Like other herpesviruses, EBV has both lytic and
latent phases of infection. In the latent form, EBV-encoded
genes ensure the survival of the viral genome, allowing it to
circumvent the host’s immune surveillance by limited ex-
pression of viral proteins and carries with it the risk of neo-
plastic transformation. Cytologists are likely to encounter
EBV-associated malignancies in cytology material but unlike
other herpesviruses, EBV does not evoke a viral cytopathic
effect. The manifestation of EBV-related tumors is also of-
ten variable depending upon the patient’s immune status.
Therefore, knowledge of the patient’s EBV status and im-
mune competence (e.g. HIV-infection or transplant-related
immunosuppression) combined with the cytomorphology
and results of ancillary studies are often all required to make

a diagnosis of EBV-associated malignancy. This review dis-
cusses the unique cytomorphology and ancillary studies re-
quired to diagnose EBV-related neoplasms.

Copyright © 2012 S. Karger AG, Basel

Introduction

The Epstein-Barr virus (EBV) is part of the gamma
herpes family of viruses and is also known as human her-
pesvirus 4 (HHV-4). This double-stranded DNA virus is
ubiquitous and one of the most common viruses occur-
ring in humans. It is associated with a wide spectrum of
benign and malignant conditions, the most well-known
being infectious mononucleosis [1, 2] and is linked with
1% of tumors globally [3]. It is related to the development
of diverse lymphoproliferative, epithelial and mesenchy-
mal neoplasms [1, 2, 4-10]. It was the first virus to be as-
sociated with human cancer, namely, Burkitt lymphoma,
by the identification of the EBV virion on electron mi-
croscopy in a cultured cell line of African Burkitt lym-
phoma [11].
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Table 1. Patterns of latent gene expression in EBV [12]

EBV gene Acute  Latency I Latency II Latency III
infec-
EIOEC Burkitt Hodgkin NPC PCNSL PTLD
lymphoma  lymphoma
EBNA-1 + + + + + +
EBNA-2 + - - - + +
EBNA-3 + - - - + +
LMP-1 + - + + + +
LMP-2 + - + + + +
EBER + + + + +

NPC = Nasopharyngeal carcinoma; PCNSL = primary central
nervous system lymphoma; PTLD = post-transplant lymphopro-
liferative disorder.

Viral Oncogenesis

EBV has a tropism for epithelial cells (e.g. oral and na-
sopharyngeal mucosa), lymphocytes (B and T cells) and
myocytes. Like other herpesviruses, it has both a latent
phase of infection and a lytic (productive) phase that pro-
duces new infectious virions. Primary infection may
cause infectious mononucleosis, but most infections are
initially asymptomatic. Infected B cells activate T cells,
the cause of atypical lymphocytosis in infectious mono-
nucleosis. In the latent form, EBV-encoded genes ensure
the survival of the viral genome, allowing it to circum-
vent the host’s immune surveillance by limited expres-
sion of viral proteins and carry with it the risk of neo-
plastic transformation. Latent infection in cells is charac-
terized by the expression of latent membrane proteins
(LMP) 1 and 2, EBV nuclear antigens (EBNAs) and EBV-
encoded RNAs (EBERs) [4-7]. The EBERs are highly
transcribed in latent infection, often with more than 10°
copies/infected cell localized in the nucleus [1, 5-10].
EBV-associated malignancies are associated with latent
gene expression (table 1). In an immunocompetent host,
persistent EBV infection is kept in check, which is why
the vast majority of the population never develops EBV-
associated tumors. Cofactors that may play a role in the
development of EBV-associated neoplasms include ge-
netic susceptibility, environmental factors like parasitic
infections (e.g. malaria), nutritional issues (e.g. malnutri-
tion and consumption of food with possible carcinogens
like volatile nitrosamines) and reactivation related to the
host’s immune status (e.g. HIV-infection and transplant
patients) [1, 2, 4-11]. In many of the malignancies de-
scribed in this review, the presence of EBV in a clonal
episomal form within tumor cells indicates that this virus

2 Acta Cytologica 2012;56:1-14

entered these cells prior to their clonal expansion. EBV-
infected tumor cells frequently evoke a marked host im-
mune response, such that the neoplastic cells (e.g. Reed-
Sternberg cells in Hodgkin lymphoma or carcinoma cells
in lymphoepithelial-like carcinoma) are often masked by
the background benign lymphoid component [1, 2, 4-11].

Cytologists are likely to encounter EBV-associated
malignancies in cytology material. However, unlike oth-
er herpesviruses, EBV does not evoke a viral cytopathic
effect. The manifestation of EBV-related tumors is often
also variable depending upon the patient’s immune sta-
tus. Therefore, knowledge of the patient’s EBV status and
immune competence (e.g. HIV-infection- or transplant-
related immunosuppression) combined with the cyto-
morphology and results of ancillary studies are often all
required to make a diagnosis of EBV-associated malig-
nancy [12]. This review discusses the unique cytomor-
phology and ancillary studies required to diagnose EBV-
related neoplasms.

Ancillary Studies

There are various methods to determine the presence
of EBV infection. In the host, these include serological
tests (e.g. the heterophile antibody or ‘monospot’ test),
enzyme-linked immunosorbent assays (ELISA) and EBV
viral-load assays which help distinguish a healthy carrier
from one in the disease state [7, 9]. EBV viral-load assays
have been used in the management of posttransplant
lymphoproliferative disorder (PTLD) and nasopharyn-
geal carcinoma, whereby EBV DNA levels in plasma or
serum determine response to therapy; high levels prior to
therapy carry a worse prognosis and test recurrence [7].
Within tumors, EBV infection can be demonstrated us-
ing commercially existing antibodies against EBNAs (de-
tected by immunofluorescence) and LMP-1 (by membra-
nous and cytoplasmic immunohistochemical staining),
RNA in situ hybridization to detect EBERs and/or mo-
lecular studies such as Southern blot hybridization and
polymerase chain reaction (PCR) [13]. The identification
of EBV in neoplastic cells can be very helpful in the diag-
nosis of certain tumors [e.g. nasopharygeal carcinoma
and primary central nervous system lymphoma (PCNSL)]
and in differentiating posttransplant lymphoprolifera-
tive disorder from a rejection. In situ hybridization for
EBER is perhaps the best test for detecting and localizing
latent EBV in tissue and cytology samples [10, 14, 15].
False-positive EBER interpretations may occur as a result
of confusion regarding the latent infection of background
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Fig. 1. a A classic Reed-Sternberg cell pres-
ent in a background of small lymphocytes.
Papanicolaou stain, X600. b CD30 mem-
branous and focal paranuclear dot-like
immunoreactivity of Reed-Sternberg cells
is shown in cell block material from an
FNA of an axillary lymph node involved
by classic Hodgkin lymphoma. X400.

lymphocytes instead of lymphoma cells, nonspecific
staining or cross-reactivity with mucin, yeast or plant
materials. False-negative results may occur with RNA
degradation, therefore an appropriate RNA control should
be examined when interpreting an EBER in situ hybrid-
ization test [12].

Lymphoproliferative Disorders

EBV is associated with several lymphoproliferative
disorders including Hodgkin lymphoma and B and T cell
non-Hodgkin lymphomas. EBV-associated B cell lym-
phomas include Burkitt lymphoma, PTLD, lymphoma-
toid granulomatosis, pyothorax-associated lymphoma
and EBV-associated B cell lymphoma of the elderly [4, 5].
In HIV-infected patients, EBV is associated with PCNSL,
primary effusion lymphoma (PEL) and plasmablastic
lymphoma (PBL) [4-10].

Hodgkin Lymphoma

There is a bimodal incidence of Hodgkin lymphoma
(formerly called Hodgkin’s disease) affecting both young
people in adolescence to early adulthood as well as those
in their 70s. There is an increased incidence in HIV-pos-
itive and transplant patients. The presentation of Hodg-
kin lymphoma includes B symptoms (fever, night sweats
and weight loss), lymphadenopathy (cervical, mediasti-
nal and axillary), and extranodal disease (e.g. hepato-
splenomegaly). EBV is more commonly associated with
classic Hodgkin lymphoma, especially the mixed cellu-
larity subtype; it is hardly ever associated with the nodu-
lar lymphocyte-predominant subtype [4, 5, 10]. Not all
histologic subtypes of Hodgkin lymphoma (nodular scle-
rosis, mixed-cellularity, lymphocyte-rich and lympho-
cyte-depleted) may be reliably identified by FNA. How-
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ever, from a clinical management point of view, it is only
really necessary to differentiate classic Hodgkin lympho-
ma from nodular lymphocyte predominant Hodgkin
lymphoma, and this can often be performed using im-
munocytochemistry on the FNA specimen [16].
Aspirates may be hypo- or hyper-cellular depending
on the amount of associated sclerosis. Classic Hodgkin
lymphoma is characterized by the presence of a minority
of neoplastic cells (Reed-Sternberg cells and their vari-
ants) in an inflammatory background. Background in-
flammatory cells consist of varying numbers of small
lymphocytes, plasma cells, neutrophils, eosinophils and
macrophages, including epithelioid histiocytes [17, 18]. In
EBV-associated cases, histiocytes may exhibit prominent
epithelioid features and may form granulomas. Necrosis
is rare. The classic Reed-Sternberg cell is a binucleate cell
whereby the two nuclei are mirror images of each other.
The nuclei are enlarged with pale, finely granular chro-
matin, prominent red macronucleoli and a moderate
amount of cytoplasm (fig. 1). Mononuclear variants of
Reed-Sternberg cells (called ‘Hodgkin cells’) have a large,
irregular or polylobated nucleus with a very prominent,
single red macronucleolus. The ‘lymphocytic and histio-
cytic’ variants, sometimes referred to as ‘popcorn cells’,
have vesicular, polylobulated nuclei and distinct, small,
usually peripheral nucleoli without perinucleolar halos
(17, 18]. In classic Hodgkin lymphoma Reed-Sternberg
cells are positive for CD15 and CD30 (usually a mem-
brane-pattern staining with paranuclear dot-like Golgi
accentuation), with CD20 and EMA showing positivity
in a small number of cells (table 2). Reed-Sternberg cells
express LMP (LMP-1), EBNA (EBNA-1) and EBER
(EBER-1) [5-10]. Flow cytometry and molecular studies
are not usually helpful. The differential diagnosis in-
cludes benign reactive lymphadenopathy of various eti-
ologies, including infectious mononucleosis, large cell
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Table 2. Immunophenotypic features of Hodgkin lymphoma

Classic Hodgkin lymphoma

NLPHL

Tumor cells

RS cells and mononuclear (Hodgkin) cells

L and H (popcorn) cells

Background cells lymphocytes (T>B cells), plasma cells, lymphocytes (B>T cells), histiocytes
eosinophils, neutrophils, histiocytes

Fibrosis common rare

CD45 (LCA) - +

CD20 +/- +

CD15 + -

CD30 + -

EMA - e

PAX5 + (weak) + (weak)

OCT-2 +/- +

BOB- +/- +

Fascin +/- +

EBV (in RS cells) + (50% RS cells) -

L and H = Lymphocytic and histiocytic; LCA = leukocyte common antigen; NLPHL = nodular lymphocyte
predominant Hodgkin lymphoma; RS = Reed-Sternberg.

lymphomas [anaplastic large cell lymphoma, diffuse
large B cell lymphoma (DLBCL), T-cell-rich B cell lym-
phoma], carcinoma (nasopharyngeal carcinoma), semi-
noma and melanoma [19-21].

Burkitt Lymphoma

Burkitt lymphoma is a very rapid-growing, high-grade
B cell non-Hodgkin lymphoma that primarily presents
in extranodal sites. Three separate clinical variants of
Burkitt lymphoma can be identified: endemic, sporadic
and immunodeficiency-associated. The endemic type of-
ten involves the jaw and facial bones and is most com-
monly found in equatorial African and Asian children.
EBV has been documented in virtually all endemic cas-
es of Burkitt lymphoma. The pathogenesis of endemic
Burkitt lymphoma is partly attributed to impaired im-
mune competence accompanying chronic malaria infec-
tion. The sporadic type, with a distribution worldwide,
often presents in the abdomen of children and young
adults, and EBV is identified in 15-20% of such lympho-
mas. In immunodeficiency-associated Burkitt lympho-
ma, EBV is detected in 30-40% of cases. Most cases of
Burkitt lymphoma associated with EBV express EBNA-1
and EBERs [4-10]. The morphology of endemic, sporad-
ic and immunodeficiency-related Burkitt lymphoma is
identical, but this last type can appear somewhat more
pleomorphic and have plasmacytoid features. In all cases
of Burkitt lymphoma, whether EBV is detected or not,
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translocation of the c-myc oncogene on chromosome 8 is
present [22].

Aspirates of Burkitt lymphoma are usually cellular
comprising monotonous, intermediate-sized lympho-
cytes (i.e. with nuclei similar or smaller to those of mac-
rophages) that lie singly. Their nuclei are round-to-oval
with well-defined nuclear borders, coarse chromatin and
2-5 small but conspicuous nucleoli per nucleus. Lympho-
ma cells contain scant to moderate amounts of blue, vac-
uolated cytoplasm (fig. 2). The vacuoles contain a neutral
lipid. These cytoplasmic vacuoles are best appreciated
with a Romanowsky stain. Several tingible body macro-
phages, mitotic figures and apoptosis are often seen [17,
18]. Immunophenotyping of Burkitt lymphoma shows
tumor cells that are positive for CD19, CD20, CD79a,
CD10, BCL6, CD38 and negative for BCL2, CD5, CD23,
and TdT. Ki67 typically shows a high proliferation index
(nearly 100% of cells stain positive). Cytogenetics reveals
various c-MYC translocations, namely t(8;14)(q24;q32),
t(8;22)(q24;q11) and t(2;8)(q12;q24) [4-10]. The break-
points within the c-MYC gene differ between endemic
and HIV-related Burkitt lymphoma. MYC translocation
is not specific for Burkitt lymphoma, but may also be
overexpressed in acute lymphoblastic and myeloid leuke-
mia, DLBCL with an unfavorable prognosis, plasmablas-
tic lymphoma, transformed follicular lymphoma and
‘double-hit lymphomas’ which have a concurrent IgH-
BCL2 rearrangement [23, 24]. The differential diagnosis

Michelow/Wright/Pantanowitz

202 Iudy 8| uo 3senb Aq 4pd-GeZHEE£000/9202 1.2/ 1/1/9G/4Ppd-ajoe/A0e/ W00 186X JUB)U0D// Ry WOl papeojumoq



Fig. 2. a Monomorphic population of dys-
hesive, intermediate-sized, malignant
lymphoid cells with round nuclei, finely
granular chromatin, small nucleoli and
vacuolated cytoplasm consistent with
Burkitt lymphoma. Papanicolaou stain,
X 600. b Burkitt lymphoma cells with dark
blue cytoplasm containing several lipid
vacuoles. Diff-Quik stain, X600.

includes other high-grade non-Hodgkin lymphomas
(lymphoblastic and plasmablastic), primitive neuroecto-
dermal tumor (PNET)/Ewing tumors and rhabdomyo-
sarcoma. The distinction between DLBCL and Burkitt
lymphoma is critical because it implies different treat-
ment. Sometimes this distinction may be very difficult to
make on FNA [25]. Burkitt lymphoma has a more mo-
notonous and uniform appearance with more identical,
round, nuclei with far fewer nuclear indentations com-
pared to other lymphomas. Ewing sarcoma and PNET
have cytoplasmic vacuoles like Burkitt lymphoma, but
these tumor cells contain PAS-positive glycogen, not a
lipid. In addition, a clustering of cells with nuclear mold-
ing is another helpful feature sometimes seen with PNET/
Ewing sarcoma [17, 18].

Diffuse Large B Cell Lymphoma

The etiology of DLBCL, in most cases, remains un-
known. However, EBV is associated with several subtypes
of DLBCL including EBV-positive DLBCL of the elderly,
PEL and PBL.

EBV-Positive DLBCL of the Elderly

This rare, aggressive lymphoma occurs in patients
over 50 years of age and is associated with a decline or
senescence in immune function that accompanies ageing
[26]. It is more common in Asia than in Western popula-
tions and tends to involve extranodal sites (skin, lungs,
tonsils or stomach) more frequently than lymph node dis-
ease. The prognosis is poor. Although the morphology
and immunocytochemistry can be very similar to HIV-
associated lymphoproliferative disorders, elderly patients
with this EBV-positive DLBCL are usually HIV-negative.
These lymphomas may have a diverse cytomorphologic
appearance including polymorphous and large cell sub-

Cytomorphology of EBV-Associated
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types, both usually associated with necrosis. Reed-Stern-
berg-like giant cells may be a prominent feature. There is
also a high proliferation index and tumor cells are posi-
tive for pan-B cell markers (although CD20 may be lost),
variably CD30-positive and demonstrate LMP-1 and
EBNA-2 in many cases [27, 28].

Plasmablastic Lymphoma

PBL is a rare, aggressive lymphoma that usually in-
volves the oral cavity and jaw [29, 30]. It has also been
described in other sites including the anorectum, skin,
breast, testes and lymph nodes. It occurs most frequently
in HIV-infected patients, but can also occur in those who
are HIV-negative [31]. PBL is a distinct subtype of DLBCL
that is characterized by an immunoblastic and/or plas-
mablastic morphology, immunoglobulin heavy-chain
gene rearrangement and consistent expression of plasma
cell antigens. Two subtypes of PBL may be seen: the oral
mucosa type and a type with plasmacytic differentiation.
The cytomorphology comprises large monomorphic
cells, resembling plasmablasts or immunoblasts [32].
These lymphoma cells have fairly abundant basophilic
cytoplasm, eccentrically situated nuclei with single or
multiple nucleoli and a paranuclear hof (fig. 3). The spec-
imen is usually cellular with apoptosis, tingible body
macrophages and increased mitotic figures. PBL is EBER-
positive but LMP-negative. Plasma cell markers includ-
ing CD138, CD38 and MUMI are positive, in addition to
CD79a, CD30 and EMA. PBL is variably positive or neg-
ative for CD45, CD20 and PAX5. The malignant lympho-
cytes are usually larger and more pleomorphic when
compared with plasmacytoma/myeloma [33]. Patients
with plasma cell neoplasms often show skeletal lesions,
may have paraproteins and are EBV-negative. The differ-
ential diagnosis of PBL includes plasmacytoma, poorly
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Fig. 3. a PBL comprising large monomor-
phic cells with abundant cytoplasm and
eccentrically situated nuclei. Diff-Quik
stain, X400. b MUMI positivity on core
biopsy from the same patient.

Fig.4.PEL cells seen in a cytospin prepara-
tion from HIV-positive patients. a Diff-
Quik stain, X200, courtesy of W.E. Khal-
buss from UPMC, Pittsburgh, Pa., USA.
b Wright-Giemsa stain, X1,000.

differentiated carcinoma, other large cell lymphomas
(e.g. lymphoblastic lymphoma, a plasmablastic variant of
Burkitt’s lymphoma or a blastoid variant of mantle cell
lymphoma), amelanotic melanoma and other undifferen-
tiated neoplasms [5, 7, 34-36].

Primary Effusion Lymphoma

PEL classically involves body cavities (pleura, perito-
neal, pericardial and, rarely, cerebrospinal fluid or joint
spaces). A solid (extracavitary) variant also occurs in
which the patient manifests with a solid tumor associated
with or subsequently developing a lymphomatous effu-
sion. PEL occurs most commonly in HIV-infected indi-
viduals but has, on occasion, been diagnosed in HIV-neg-
ative elderly persons. PEL, while strongly associated with
human herpesvirus 8 (HHV-8), has a variable association
with EBV [37]. The prognosis of PEL is very poor. The
cytomorphology varies from large immunoblastic to an-
aplastic lymphoma tumor cells (fig. 4) [38-40]. Reed-
Sternberg-like cells may also be seen. PEL cells usually
lack B cell and T cell antigens (null cell phenotype) but
may express CD30, EMA, plasma cell antigens (CD38,
CD138, MUM1) and HHV-8 (LNA-1) [5, 41-43]. The dif-
ferential diagnosis includes other primary and secondary
lymphomatous effusions as well as poorly differentiated
neoplasms involving body fluids.
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SES6.e) C.

Primary Central Nervous System Lymphoma

PCNSL (or primary DLBCL of the CNS) may involve
the brain, leptomeninges and spinal cord (but not dura),
as well as the eyes (so-called primary intraocular lym-
phoma). In these cases, disease is limited to the CNS. Im-
aging studies typically reveal a well-defined, enhancing
focal lesion. The incidence of PCNSL is markedly in-
creased in HIV-infected patients, but has decreased in
this population since the widespread use of highly active
antiretroviral therapy in many countries [44]. In immu-
nocompetent patients, EBV 1is generally absent from
PCNSL. However, in the immunocompromised setting,
this lymphoma is strongly associated with EBV and tu-
mor cells express almost all of the EBV-latent encoded
proteins. The vast majority is of the DLBCL type, which
consists of large malignant lymphoid cells with a moder-
ate amount of cytoplasm, large nuclei and conspicuous
nucleoli (immunoblastic cytomorphology) (fig. 5). There
is often extensive necrosis and intermingled histiocytes,
especially in patients treated with high-dose corticoste-
roids. The B cell markers CD19, CD20 and CD22 are usu-
ally expressed in lymphoma cells, and variable positivity
may be seen with CD10, BCL6, BCL2 and MUMI. De-
pending upon the location of the tumor, cytologic evalu-
ation of the cerebrospinal fluid may yield diagnostic cells.
Meninges are involved in 25-35% of AIDS-related PCNSL
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cases. EBV studies (in situ hybridization for EBER in tu-
mor cells and PCR for EBV DNA in CSF), flow cytometry
and immunoglobulin heavy-chain PCR are all diagnosti-
cally useful [4, 5, 45]. Measurement of EBV DNA within
CSF serves as a surrogate marker to monitor therapeutic
response.

Posttransplant Lymphoproliferative Disorders

Patients undergoing organ transplantation and associ-
ated immunosuppressive therapy have an increased inci-
dence of developing lymphoproliferative disorders. PTLD
comprise several diseases ranging from benign poly-
clonal lymphoid or plasmacytic hyperplasia to aggressive

B cell/T cell lymphoma or myeloma. The majority (80%)

of PTLD are associated with EBV. Almost one third of T

cell PTLD cases are EBV-negative. PTLD that are EBV-

negative tend to occur mainly in adults, develop later
than in EBV-positive cases and are usually of the mono-
morphic type. Absence of EBV in PTLD is considered an
adverse prognostic indicator. PTLD usually occur within

1 year of transplantation, but can occur many years there-

after. PTLD may involve lymph nodes and extranodal

sites (gastrointestinal tract, lungs, liver and the allograft).

Allograft involvement is more common in EBV-associat-

ed cases. The finding of EBER-positive cells helps differ-

entiate PTLD from rejection in allografts. To date, there
have been limited studies describing the cytopathology of

PTLD [46-48].

According to the WHO, there are 4 categories of PTLD

[49]:

« Early lesions involve a heterogeneous population of
LMP-1+ immunoblasts, centrocytes and small and
medium-sized polytypic B- and T-lymphoid cells.
Plasmacytic hyperplasia in these early lesions can be
striking; their proliferation is often polyclonal and
nodal architecture is typically retained. Early lesions
may regress with a reduction of immune suppression.

« Polymorphic PTLD morphologically resemble early
lesions, but necrosis and cellular atypia are more com-
monly seen. Atypical immunoblasts that resemble
Reed-Sternberg cells may be encountered. The prolif-
eration in these lesions is monoclonal (which may be
focal) and the underlying tissue architecture is often
destroyed (fig. 6).

« Monomorphic (i.e. lymphoma-like) PTLD is a destruc-
tive disorder containing neoplastic lymphoid cells.
These PTLD are classified according to the lymphoma
they resemble. The most common lymphoma to occur
is DLBCL, but occasionally Burkitt lymphoma, plasma
cell myeloma and peripheral T cell lymphomas are also

Cytomorphology of EBV-Associated
Malignancies

Fig. 5. PCNSL from an AIDS patient showing dyshesive, highly
atypical lymphocytes, many with immunoblastic features. H&E
stain, X200.

encountered [4-6, 9, 36]. Monomorphism does not sig-
nify that there is complete cellular monotony, as aspi-
rates may contain pleomorphic Reed-Sternberg-like
cells and/or exhibit prominent plasmacytic differentia-
tion. B cell PTLD are usually positive for B cell markers
(CD19, CD20, CD79a) and CD30. EBV-positive cases
are more likely to have a postgerminal center phenotype
(CD10-, BCL6-, MUM1+) whereas EBV-negative cases
tend to display a germinal center phenotype (CD10+,
BCL6+ MUM1-) (fig. 6).
o Classical Hodgkin lymphoma-type PTLD.

T and NK Cell Lymphomas

Most EBV-associated lymphoproliferative disorders
are of B cell origin, but EBV can also infect CD4+, CD8+
peripheral T cells and NK cells. EBV is associated with
several T cell lymphoproliferative disorders including
some peripheral T cell lymphomas, angioimmunoblastic
T cell lymphoma, extranodal nasal NK cell/T cell lym-
phoma (fig. 6), enteropathy-type T cell ymphoma, hepa-
tosplenic and nonhepatosplenic T cell lymphoma, EBV-
associated cutaneous T cell lymphoproliferative disor-
ders and aggressive NK cell leukemia/lymphoma [4].

Extranodal NK cell/T cell lymphoma (formerly called
angiocentric T cell lymphoma or lethal midline granu-
loma) is found predominantly in Asia and Central and
South America. These lymphomas usually involve the
nasal cavity and cause destruction of the midface, palate
and orbit. They may also involve skin, soft tissue, testes
and the gastrointestinal tract. In disseminated disease,
lymph nodes can also be involved. NK cell/T cell lym-
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Fig. 6. a Polymorphic B cell PTLD (LMP-
positive) from a lung FNA in a 50-year-
old transplant recipient. Diff-Quik stain,
X 600; H&E stain, X400. b Monomorphic
T cell PTLD (EBER-negative) from a lung
FNA in a 61-year-old transplant recipient.
Diff-Quik stain, X600; H&E stain, X400.

Fig. 7. Lung FNA of an extranodal NK
cell/T cell lymphoma, nasal type, showing
atypical lymphocytes with Diff-Quik (a)
and Papanicolaou (b) stains, X600. ¢ In
situ hybridization in this case demon-
strates several EBER-positive malignant
lymphocytes. X600. d Flow cytometry
studies of this aspirate show a predomi-
nant NK cell/T cell lymphoid population
(dark green scatter at the top of the plot)
that coexpresses CD7 and CD56.

phoma, although rare, is diagnosable on the basis of FNA
biopsy alone, especially in view of its distinctive immu-
nophenotype and EBV association [50, 51]. The cytomor-
phology is typically that of a moderately cellular smear
associated with a necrotic background [52] (fig. 7). Ne-
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crosis is attributed mainly due to vascular occlusion by
infiltrating lymphoma cells. Plasma cells, eosinophils,
follicular dendritic cells and histiocytes are often seen in
the background, while tingible body macrophages are
usually absent. The overall cytomorphological appear-

Michelow/Wright/Pantanowitz

202 IHdy 8| uo 3senb Aq 4pd-GEZEE£000/920211.2/1/1/9G/4Ppd-ajoie/Aoe/wod 1eb1e) Jusju0d//:dpy Wwoly pepeojumoq



ance may mimic an inflammatory process rather than
that of a lymphoma. Tumor cells may lie singly and in
loosely cohesive aggregates. Lymphoid aggregates con-
taining arborizing vessels may be noted. The malignant
lymphoid cells may be pleomorphic and vary in size from
small to large and may be round to spindle in shape. Some
tumors are more monomorphic in appearance. Tumor
cell nuclei are eccentrically situated and these cells have
variable amounts of blue cytoplasm present. Occasional
azurophilic granules may be noted in their cytoplasm.
The chromatin is coarse and unevenly distributed, and
nucleoli may be indistinct or nuclei may contain several
small nucleoli [4, 36, 53, 54].

The differential diagnosis includes B cell non-Hodg-
kin lymphoma, which is generally more monomorphic in
appearance. Given the pleomorphic appearance, carci-
noma and melanoma may be confused with extranodal
NK cell/T cell lymphoma. However, carcinoma and mel-
anoma do not usually have a polymorphous background
consisting of plasma cells, eosinophils, follicular dendrit-
ic cells and histiocytes. Ancillary investigations are usu-
ally required to make the correct diagnosis. Extranodal
NK cell/T cell lymphomas are typically positive for CD3
(cytotoxic), CD56, CD2, HLA-DR and cytotxic molecules
(granzyme B, TTIA1, perforin). They are variably positive
for CD7, CD43, CD45R0, CD25 and CD30, but are nega-
tive for CD4, CD5, CD8, CD16, CD33, and CD57 [4, 36,
50-54]. While LMP-1 immunoreactivity may yield vari-
able results, virtually all lymphoma cells should be la-
beled with EBER when using in situ hybridization.

Lymphomatoid Granulomatosis

Lymphomatoid granulomatosis is an angiocentric, an-
giodestructive, extranodal lymphoproliferative disorder
that occurs in adults; when seen in children, it usually
arises in males who are HIV-infected. The lung is in-
volved in 90% of cases, but involvement of the CNS, skin,
kidney and liver is common. Lymphoid tissue is infre-
quently involved. Only a few articles have reported the
cytological findings of lymphomatoid granulomatosis
[55, 56]. EBV-infected B cells are large and pleomorphic,
butare typically admixed with a predominant population
of reactive T cells which may mask the pathology. Infil-
tration of the blood vessels by the tumor cells causes ex-
tensive coagulative necrosis, and this, together with gran-
ulomas and giant cells, may lead to an erroneous diagno-
sis of mycobacterial infection, Wegener’s granulomatosis
or necrotizing sarcoidosis (fig. 8). The B cells are clonal
but the T cells are not. Lesions may progress to EBV-pos-
itive DLBCL [55, 56].

Cytomorphology of EBV-Associated
Malignancies

Fig. 8. Epithelioid histiocytes admixed with atypical lymphoid
cells in a necrotic background. Further investigations revealed
this to be lymphomatoid granulomatosis. Papanicolaou stain,
X600.

EBV-Associated Carcinomas

EBV is associated with nasopharyngeal carcinoma
and lymphoepithelial-like carcinomas of the stomach,
liver, salivary glands, lungs, thymus and upper aerodiges-
tive tract [57].

Nasopharyngeal Carcinoma
There is a high incidence of nasopharyngeal carcino-
ma in South-East Asia, an intermediate incidence in

North Africa and a low incidence in most other parts of

the world. Nasopharyngeal carcinomas arise from the

mucosal lining of the nasopharynx. EBV has been found
in preinvasive nasopharyngeal lesions. Nasopharyngeal
brushes and aspirates have been employed to make the
diagnosis, but due to limited sensitivity (70-90%) tissue
biopsy is often preferred [58]. Symptoms are often non-
specific and cervical lymphadenopathy, due to metasta-
sizing nasopharyngeal carcinoma, may be the presenting
symptom. The WHO classification of nasopharyngeal

carcinoma includes [59]:

o Keratinizing squamous cell carcinoma is the most un-
common subtype, found in nonendemic areas. This
histological subtype usually affects an older age group
and is not associated with EBV. In cytology samples,
cohesive clusters and occasional single malignant cells
are noted in a background usually devoid of inflam-
matory cells. Tumor cells have moderate amounts of
well-defined keratinized cytoplasm and hyperchro-
matic nuclei with irregular nuclear borders and coarse
chromatin [17, 18, 60-63].

+ Nonkeratinizing squamous cell carcinoma (undiffer-
entiated and differentiated) is associated with EBV in-
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Fig. 9. a Differentiated variant of nonkera-
tinizing nasopharyngeal carcinoma show-
ing a cluster of cells that have a moderate
amount of cytoplasm that is keratinized in
some cells, large nuclei with vesicular chro-
matin and prominent nucleoli. Papanico-
laou stain, X600. b Undifferentiated vari-
ant of nonkeratinizing nasopharyngeal
carcinoma showing bare tumor cell nuclei
in alymphoid background; these nuclei are
large, round to oval and have prominent
nucleoli. Diff-Quik stain, X400.

fection [6, 17, 18, 60-63]. Almost 100% of these pa-
tients have positive serology against EBV. The differ-
entiated form is the least common (<15%) type and
undifferentiated tumors are the most common (>60%).
This subclassification is of no clinical or prognostic
significance. FNA specimens of differentiated tumors
show cohesive clusters and occasional single cells with
moderate amounts of minimally keratinized cyto-
plasm and round to oval vesicular chromatin present
in a background of chronic inflammatory cells (fig. 9).
Undifferentiated (lymphoepithelial-like or ‘anaplastic’)
nasopharyngeal carcinomas contain cohesive (syn-
cytial-appearing) clusters and/or single cells present
in a background consisting of chronic inflammatory
cells. The tumor cell nuclei are round to oval and ve-
sicular with prominent nucleoli, some of which are
carrot-shaped and abut on the nuclear membrane.
Their cytoplasm is pale and poorly defined and it is not
uncommon to find smears with mainly bare nuclei
(fig. 9). Some tumors may contain mixed differenti-
ated and undifferentiated areas and tumor cells may
rarely assume a spindle cell appearance or contain in-
tracytoplasmic mucin. Occasionally, specimens may
be entirely devoid of lymphocytes, show a predomi-
nance of plasma cells or eosinophils and even neutro-
phils, contain necrosis, have epithelioid histiocytes
and possibly amyloid granules present. The differen-
tial diagnosis includes squamous cell carcinoma,
Hodgkin lymphoma, anaplastic large cell lymphoma
and germ cell tumor. Reed-Sternberg cells are often
binucleated, usually less in number, tend not to be co-
hesive and contain more abundant cytoplasm than na-
sopharyngeal carcinoma tumor cells. In anaplastic
large cell lymphoma, lymphoid cells are more dis-
persed than in nasopharyngeal carcinoma, and
wreath- and horseshoe-shaped lymphoma cells may

10 Acta Cytologica 2012;56:1-14

sometimes be found. In germ cell tumors, features
such as a tigroid background in seminoma and hyaline
globules in yolk-sac tumors may assist in the diagnosis
(17, 18, 62].

o Basaloid squamous cell carcinoma resembles similar
basaloid tumors that arise in other sites, showing a
predominance of basaloid tumor cells that may mim-
ic small cell carcinoma. However, EBER appears to be
detectable from cases occurring in the nasopharynx,
but not in cases from other sites including the esopha-
gus, larynx, pharynx, hypopharynx and nasal cavity
[64]. The cytomorphology of tumors from the naso-
pharynx has not been characterized [65, 66].
Immunocytochemistry, flow cytometry and molecu-

lar studies (gene rearrangement) may be required to dis-

tinguish between these various entities [17, 18, 61, 62, 67].

With immunocytochemistry, nasopharyngeal carcino-

ma tumor cells are positive for cytokeratins (pankeratin,

CK5/6, 34BE12, CAM 5.2 and CK19), p63 and EMA (fo-

cal), but are negative for CK7, CK20 and CD45. The back-

ground shows a mixture of T and B lymphocytes. In situ

hybridization and/or PCR detects EBV nucleicacid in 75-

100% of nasopharyngeal carcinomas, except for the kera-

tinizing subtype in which the detection of EBV genomes

is variable and focal.

Lymphoepithelial-Like Carcinoma of Other Organs

EBV-associated lymphoepithelial-like carcinoma has
been described in the stomach, esophagus, tonsils, sali-
vary glands, thymus and lungs [57, 68, 69].

EBV is associated with 2 variants of gastric carcinoma,
namely lymphoepithelioma-like (also called gastric car-
cinoma with lymphoid stroma or medullary carcinoma)
and ‘ordinary’ gastric carcinoma. EBV-associated gastric
carcinoma tends to affect the proximal stomach or gastric
stump, commonly arises in males, presents at a younger

Michelow/Wright/Pantanowitz

202 IHdy 8| uo 3senb Aq 4pd-GEZEE£000/920211.2/1/1/9G/4Ppd-ajoie/Aoe/wod 1eb1e) Jusju0d//:dpy Wwoly pepeojumoq



Fig.10. EBV-associated smooth muscle tu-
mor in a pediatric transplant patient. The
tumor is cellular and contains fascicles of
spindled smooth muscle cells (a; H&E
stain, X200) that are strongly EBER posi-
tive (b; in situ hybridization; X400). Im-
ages are courtesy of Sarangarajan Ranga-
nathan, Pittsburgh Children’s Hospital,
Pa., USA.

age and has a better prognosis relative to gastric carci-
noma not associated with EBV. The interaction between
EBV and Helicobacter pylori is currently unknown.

The cytomorphology of EBV-associated gastric carci-
noma, to the best of our knowledge, appears not to have
been described. However, it is presumed that the lympho-
epithelial-like gastric carcinoma would show clusters and
singly lying tumor cells with pale cytoplasm, round to
oval nuclei, vesicular chromatin and prominent nucleoli
present in a background of lymphoid cells, while ‘ordi-
nary’ gastric carcinoma would demonstrate singly lying
malignant cells and clusters, that are cuboidal to colum-
nar in shape with eccentrically situated nuclei showing
malignant features, similarly associated with variable
numbers of lymphocytes [70, 71].

EBV-Associated Mesenchymal Tumors

EBV is associated with several mesenchymal tumors
including EBV-associated smooth muscle tumors, follic-
ular dendritic cell tumors and myopericytomas [6, 57,
72-74].

EBV-Associated Smooth Muscle Tumors

EBV smooth muscle tumors (EBV-SMT) encompass
benign leiomyomas, smooth muscle tumors of undeter-
mined malignant potential and malignant leimyosarco-
mas, depending on their morphology and mitotic activ-
ity. EBV-SMT have been reported in immunocom-
promised individuals with HIV infection or following
transplantation, especially in children [72, 75]. They may
be multifocal and have been described at many different
sites including the dura, liver, lungs, colon, heart, spleen,
paravertebral soft tissue, veins, larynx, endobronchus,
uterus, gallbladder, CNS and adrenal glands. Their cyto-

Cytomorphology of EBV-Associated
Malignancies

morphology does not appear to have been described in
the literature. However, the histologic evaluation of EBV-
SMT shows oval to spindle cells with moderate to abun-
dant eosinophilic cytoplasm and nuclear pleomorphism
varying from modest to moderate (fig. 10). Also described
are occasional small round cells, a hemangiopericytic-
type architecture and intratumoral T lymphocytes [72,
74]. EBER, EBNA and high copy numbers of EBV can
usually be demonstrated in tumor cells, in addition to
smooth muscle markers with immunostaining [72]. Oth-
er spindle cell lesions including peripheral nerve sheath
tumors, dermatofibrosarcoma protuberans, fibrosarco-
ma, gastrointestinal stromal tumor and mycobacterial
spindle cell pseudotumor form part of the differential di-
agnosis [73].

Follicular Dendritic Cell Tumor

This is a rare low-grade sarcoma of follicular dendrit-
ic cells. The most common site of involvement is the cer-
vical lymph nodes, but this tumor may also occur in
lymph nodes from the axilla, mediastinum and retroper-
itoneum, as well as at extranodal sites such as the tonsils,
spleen, gastrointestinal tract, liver and skin. EBV is asso-
ciated with follicular dendritic cell tumor in 30% of cases
[57]. Most patients present with a painless, slow-growing
mass, but occasionally they may manifest with systemic
symptoms such as weight loss, fever, lethargy and abdom-
inal pain. Follicular dendritic cell tumors occur in asso-
ciation with Castleman disease in 10-20% of cases and
with inflammatory pseudotumor of the liver.

These tumors have a wide variety of growth patterns
including sheets, syncytia, fascicles and singly lying neo-
plastic cells. Tumor cells may be oval to spindle and con-
tain moderate amounts of cytoplasm, finely granular or
vesicular chromatin, intranuclear inclusions and small
but distinct nucleoli (fig. 11). Multinucleated cells akin to
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Fig. 11. Follicular dendritic cell sarcoma
comprised of fascicles and sheets of spin-
dle cells with moderate amounts of cyto-
plasm, finely granular chromatin and
small nucleoli. Papanicolaou stain, X200
(@); X400 (b).

Reed-Sternberg cells can be seen. In general, tumor cells
are usually bland, but more atypical forms can be noted.
The background aspirate may contain a chronic inflam-
matory cell infiltrate. The differential diagnosis includes
Castleman disease, Hodgkin lymphoma, metastatic car-
cinoma, gastrointestinal stromal tumor, melanoma, me-
ningioma and inflammatory pseudotumor. In Castle-
man disease, there may be a predominance of plasma
cells, and lymphocytes are likely to demonstrate LNA-1
(HHYV-8) positivity in the setting of HIV infection. How-
ever, as follicular dendritic cell tumors may occur togeth-
er with Castleman disease, this distinction can be diffi-
cult. Follicular dendritic cell tumors are positive for CD21
(to which EBV binds), CD35, CD23, vimentin, fascin,
EMA and clusterin, and are variably positive for CD45,
§100, CD68, CDla, muscle specific actin, cytokeratin and
vascular markers [36, 57, 74, 76, 77].

Myopericytoma

This is a rare, benign, mesenchymal tumor that usu-
ally arises in subcutaneous and soft tissues. The tumor is
composed of pericytic cells demonstrating myoid differ-
entiation. In HIV-negative patients, myopericytoma is
situated mainly in somatic soft tissue and presents as an
isolated, painless, slow-growing mass. In the HIV-infect-
ed patient, myopericytoma presents in various locations
such as the bronchi, vocal cords, tongue, brain, spinal
cord and liver, and these tumors are often multifocal.
They are distinct from EBV-SMT in their morphology
and immunocytochemistry. Examined histologically, the
tumor consists of round to spindled myoid cells with a
concentric growth pattern centered around small blood
vessels. Immunocytochemistry reveals that myopericy-
tomas are positive for smooth muscle actin, caldesmon
and CD34, and negative for desmin, cytokeratin, S100,
HMB-45 and CD31. Tumor cells are positive for EBER,
unlike perimyocytoma that occurs in HIV-negative pa-
tients. The differential diagnosis includes EBV-SMT, an-
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gioleimyoma and myofibroma [78, 79]. The cytomor-
phology of myopericytoma is not well characterized, but
would consist of concentrically arranged nests of plump
spindle cells and vascular channels [80].

Conclusion

It is estimated that 18% of malignancies in humans
are due to infectious organisms, 1% of which are attrib-
utable to EBV [3]. EBV is linked to various neoplastic
disorders including lymphoproliferative, epithelial and
mesenchymal tumors. Cytological evaluation of these
neoplasms in conjunction with the prudent use of ancil-
lary investigations, including the detection of underly-
ing EBV infection in the host/and or tumor cells, will
allow the majority of EBV-associated malignancies to be
accurately diagnosed in cytology samples. Initially, it
was believed that diagnostic information regarding the
prognosis and treatment of EBV-associated malignan-
cies was more dependent upon the accurate morpholog-
ical classification of these tumors than on whether EBV
was identified. However, more recent work has begun to
focus on the success of EBV immunotherapy (e.g. anti-
viral cytotoxic T cells) in EBV-associated malignant dis-
eases [81].
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