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Abstract

Although Epstein Barr Virus (EBV)-associated myoid tumors (EBV-MTs) are a well-recognized entity, commonly
associated with immunocompromise and immunosuppression, including Human Immunodeficiency Virus (HIV)
infection and acquired immunodeficiency syndrome (AIDS), they are reported uncommonly. An expanding spectrum
of EBV-MTs has emerged in the last decade, associated with an increasing range of organ involvement. EBV-MTs are
associated with diagnostic pitfalls, incomplete etiopathogenetic understanding and treatment challenges. This review
revisits EBV-MTs in the HIV and AIDS setting. The characteristics of EBV, their etiopathogenetic role in neoplasia,
in general and in HIV-associated EBV-MTs in particular, are discussed. Historical, demographic and diagnostic
clinicopathological features of EBV-MTs are detailed, classification and diagnostic challenges are emphasized,
treatment options and dilemmas are presented briefly and outcome-associated factors are described. While attention is
drawn to current demographic, classification, etiopathogenetic and management uncertainties and hiatuses, potential
future approaches to address these shortcomings are also alluded to.
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Introduction

Human immunodeficiency virus (HIV) infection is associated
with a heightened risk of specific cancer types, labeled “Acquired
immunodeficiency syndrome (AIDS)-defining cancers” [1]. These
include Kaposi sarcoma, systemic non-Hodgkin lymphoma/primary
central nervous system lymphoma and invasive cervical cancer, that
are pathogenetically linked to Human herpes virus 8 (HHVS), Epstein
Barr virus (EBV) and Human papilloma virus (HPV), respectively [2].
More effective and better tolerated highly active anti-retroviral therapy
(HAART) is not only responsible for improved longevity of HIV-
infected patients, but also for the number of non-AIDS-defining cancers
(NADC:s) surpassing that of AIDS-defining cancers [1,2]. Some of the
malignancies that have increased in HIV-infected individuals include
Hodgkin lymphoma, lung and anogenital cancers, multiple myeloma
and central nervous system malignant tumors [1]. Pulmonary, anal and
colorectal tumors present at a younger mean age, have more advanced
disease and poorer outcomes than those in their HIV-uninfected
counterparts. The pathogenesis of NADCs is multifactorial but most
are characterized by a strong viral pathogenetic link. Oral and anal
squamous, Merkel and hepatocellular carcinomas are associated with
HPYV, polyoma and hepatitis B/C virus infections, respectively. Among
the non-epithelial NADCs, Hodgkin lymphoma and EBV myoid tumors
are associated with EBV infection [2].

EBV-associated myoid tumors (EBV-MTs) are a well-
recognized entity, strongly associated with immunocompromise
and immunosuppression, including post-transplant states, common
variable immunodeficiency syndrome, glucocorticoid and tumor
necrosis factor administration and HIV infection [3]. Since the first
description of HIV-associated smooth muscle tumors (HIV-SMTs)
in 1990 [4], an increasing spectrum of HIV-associated myoid tumors
(HIV-MTs) with an expanding repertoire of organ involvement has
been documented [5,6]. While the heightened awareness, diagnostic

technological advancements and evolving understanding of EBV-
MTs have improved their diagnostic recognition, EBV-MTs remain
enshrouded by etiopathogenetic hiatuses, clinicopathological
diagnostic challenges and incomplete treatment guidelines.

This review revisits EBV-MTs in the context of HIV and AIDS.
In so doing, historical, demographic and diagnostic histopathological
features are described, etiopathogenetic mechanisms and diagnostic
challenges are highlighted, treatment options and dilemmas are
presented briefly and outcome-associated factors are discussed.
Uncertainties and gaps on the entity are tabled and potential practical
suggestions to limit these shortcomings are tendered.

History of Myoid Tumors in Patients with HIV
Infection/AIDS

Although Chadwick [4] is accredited with the description of the
first childhood leiomyoma in 1990, it was van Hoeven [7] in 1993,
who re-appraised a hepatic fibrosarcoma diagnosed approximately
8 years earlier [8], and not only re-diagnosed it as a smooth muscle
tumor, but also confirmed an EBV signature therein. This revised
diagnosis marked the emergence of the first EBV-associated SMT
(EBV-SMT) in the HIV context [7]. The recognition of smooth
muscle tumors (SMTs) in the HIV/AIDS context was an extension
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of their recognition in the setting of immunosuppression, initially in
transplant recipients and congenital immunodeficiency syndromes.
Whilst the first adult HIV-SMT was diagnosed in 1992 [9] and the
association with EBV was noted in 1994 [3], the majority of afflicted
patients were children [10]. The literature of the 1900s highlighted
the occurrence in multifocal and unusual anatomical sites [4,7,11-24].
The former was plagued by the issue of multicentricity versus multiple
metastases [16,21]. There was continued global debate on these themes
at the turn of the century [25-33]. Additionally, and moreso between
2005 to 2010, debate on optimal classification systems [34-39] and the
role of EBV pathogenetic mechanisms in HIV-associated EBV-MTs
increased [18,27,30,34-44]. Whilst some workers used conventional
criteria to grade and classify the SMTs, others proposed use of the
generic term, ‘smooth muscle tumor’ rather than classification into
benign, malignant and uncertain malignant potential tumors. In this
time period, the role of chemoradiation for tumor shrinkage was also
reported [36]. The next milestone in the evolution of AIDS-MTs was
the expansion of the repertoire of EBV-MTs to include EBV-associated
myopericytomas (EBV-MPCTs). Whilst the architectural patterns
and cytomorphological features of smooth muscle and myopericytic
tumors overlapped, the immunophenotypic features revealed desmin
immunonegativity and H-caldesmon immunopositivity in the latter
[45,46]. EBV-MPCTSs encompassed benign and malignant forms, the
latter characterized by a spectrum of atypia, as typified by the relatively
recently documented conventional malignant myopericytoma
classification criteria [47].

Despite the increasing incidence of AIDS in the developing world
[48], the reported number of EBV-MTshas not shown a parallel increase

in the 21% century. Whether this is a true plateau as a consequence of
improved management of AIDS-associated diseases worldwide or
whether this is an under-reporting phenomenon are uncertain. Recent
South African input has highlighted an expanding clinicopathological
profile of EBV-MTs [48-50] and also introduced hybrid or mixed EBV-
SMTs and MPCTs with dual EBV effects on vascular smooth muscle
cells and myopericytes [50].

Pathogenesis of EBV-MTs

An understanding of the pathogenesis of EBV-MTs requires
comprehension of the complex EBV attributes that facilitate lytic or
latent viral infection and associated cell replication and transformation.

EBYV: General Features and Viral Attributes

Since the discovery of EBV in cell cultures of African Burkitt
lymphoma, it has been increasingly recognized that EBV infects
humans readily, establishes life-long infective latency and is associated
with a range of neoplastic and non-neoplastic pathology [51]. While
EBV was classified as a tumor virus by the World Health Organization
in 1997 [52], a distinctive role for EBV in tumorigenesis requires
pathogenetic evidence because of its ubiquitousness. EBV is a linear,
double-stranded DNA virus, a member of the y-subfamily of herpes
virus [27]. While structurally composed of >85 genes [53], a minority
are associated with transformation and replication (Table 1). Two EBV
subtypes, EBV-1 and EBV-2, are known to infect humans; these are
identified by organization and polymorphisms of Epstein Barr nuclear
antigen (EBNA) genes 2, 3A, 3B and 3C [31]. EBV-1 is more common
in most populations while EBV-2 is increased in malaria-endemic
zones and in immunocompromized states [31,53].

A. Pathogenetic evidence of EBV tumorigenecity

1. Raised EBV antibody titres prior to tumor development

2. Presence of EBV genome in neoplastic but not in associated/ adjacent non-neoplastic cells

3. Viral genome clonality
4. Expression of viral genes in neoplastic cells

B. EBV products and functions

EBNA-1

EBNA-2

EBNA-3A
EBNA-3B
EBNA-3C

EBNA-LP (EBNA-5)

LMP-1

LMP-2A
LMP-2B

EBER 1

EBER 2

Bam H1A region

®  Sequence-specific DNA-binding phosphoprotein
* Replication/ maintenance of EBV genome
®* Maintains EBV latency

®*  Transcriptional co-activation and cell immortalisation
® Coordinates viral gene expression in latency Il

® Transactivates many cell genes

® Transcriptional regulators

®  Crucial for in vitro cell transformation

® Transcriptional regulator but dispensable

¢ Drives resting B-lymphocytes into G, of cell cycle

* Involved in Notch signalling pathway

* Facilitates transformation and cell growth

* Inhibits apoptosis by increasing bcl2 levels

* Maintenance of EBV latency

*  Non-essential for transformation

*  Sequence-specific DNA binding protein

* Maintenance/replication of EBV episome

* Transcriptional co-activator

® Upregulates viral and cellular genes for transformation
* Involved in Notch signalling pathway

* May help maintain latency
* Interacts with cellular Notch

C. EBV latency types and gene expression profiles

Latency Type
Type | Latency
Type Il Latency
Type Ill Latency

Viral Protein Expression Profile

EBER1, EBER2, EBNA-1

EBER1, EBER2, EBNA-1, LMP-1, LMP-2, Bam H1A
EBER1, EBER2, EBNA-1, EBNA-2, EBNA-3, LMP-1, LMP-2

Table 1: EBV: Pathogenetic evidence and latency types of EBV in tumorigenesis [25,29,45,51].
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EBYV is typified by lytic (replicative) and latent phases [29,34,51].
The former is episodic and typified by marked replication-dependent
protein amplification of the EBV genome that is then assembled into
virions (Figure 1); these are released following cell rupture [27]. Primary
EBYV infection occurs mainly in the orophrynx where lytic replication
and release of viral progeny follows [6]. Most EBV resides in a latent
state in quiescent B-lymphocytes [31]. Three latency classes of EBV
exist that are characterized by distinctive but limited gene expression
including 6 nuclear proteins (EBNAs), 3 membrane proteins (latent
membrane proteins), EBV-encoded small rNAs (EBERs) and BamHI
A region RNA transcripts (Table 1) [53]. Latent membrane proteins
(LMPs) are integral membrane proteins [27,31,53].

Burkitt lymphoma is associated with a Type I latency profile while
EBV-associated Hodgkin lymphoma, peripheral NK/Tcell lymphoma
and undifferentiated nasopharyngeal catcinoma are characterized
by Type II latency [27,31,51-53]. Although the exact latency profile
of EBV-MTs is inconconclusive, current evidence points to Type
III latency and a pathogenetic role for immunosuppression-related
cytotoxic T-cells [27,34,51-53]. del-LMP1, a variant of the LMPI
gene, associated with increased cell transformation potential and
decreased immunogenicity, is typified by the deletion of 10 amino
acids at the C-terminus in EBV-1 and EBV-2, albeit more commonly
in EBV-2 [27]. CD21-mediated entry has been hypothesized as the
main epithelial and mesenchymal cellular infective EBV mechanism
[18,51,54]. In addition, two CD21-independent pathways have been
proposed, including a secretory component-mediated IgA transport
pathway and a cell-to-cell contact pathway, involving virus producers
and epithelial cells [51].

EBV and Myoid Tumors

Immunosupression plays a key role in the pathogenesis of EBV-
MTs in general [55]. The mechanism of EBV entry into myoid cells is

poorly understood. Although the CD21 expression by smooth muscle
cells is weak, a role for CD21 or CD21 cross-reacting antibodies has
been suggested [18,27]. It is controversial whether fusion of human
embryonic fibroblasts and EBV-superinfected lymphoblastoid cells
may be the portal of smooth muscle infection. Neither the mechanism
of transformation, type of viral latency nor the determinants of immune
modulation are known with certainty [33,34]. EBV-1, EBV-2 and varied
chromosomal integration of EBV DNA [54] and del LMPI variant are
recognized in EBV-SMTs. Type III latency[27,54,56], typified by the
full array of latency genes, including an EBNA-1, EBNA-2, EBNA-3A,
EBNA-3B, EBNA-3C, LMP and EBER recognition profile and Type I
latency [55,57] with EBNA1 and EBNA2 and undetectable LMP1, are
documented. While LMPI has established transforming characteristics,
its role in EBV-MT pathogenesis remains unclear because of equivocal
immunostaining patterns [55].

Mammalian target of rapamycin (mTOR), activated by many
growth factors and nutrients through various signalling pathways, plays
a pivotal role in cell growth regulation, by stimulating protein synthesis
[55,57]. Increased but dysregulated mTOR activity is associated with
tumorigenesis. Recently, Ong et al. documented overactivation of Akt/
mTOR signaling in EBV-SMTs. Methylation of promoter regions,
reflective of epigenetic alterations in cancers, have been implicated
in EBV-associated tumorigenesis. Results of methylation profiling of
tumor suppressor genes in EBV-SMTs are emerging. Ong et al. have
reported consistent hypermethylation of ras association domain family
1A (RASSFIA: involved in microtubule stabilisation and mitotic
regulation), variable promoter hypermethylation of retinoic receptor
gene (RARR: involved in cellular signalling, growth and differentiation),
glutathione S-transferase (GSTP: for cell detoxification and protection
from carcinogens), death-associated protein kinase (DAPK: Apoptosis
mediator) and pI14 (ARF: Cell cycle regulator), and hypomethylation

Envelope Protein

Envelope

Viral Genome

Viral Tegument

Nucleocapsid

Figure 1: Annotated representation of the EBV virion.
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of O6-methylguanine-DNA methyl transferase (MGMT: Facilitator of
DNA repair) [57].

EBV-MTs are characterized by multifocal visceral disease. It
has been debated whether these are independent primary tumors or
metastases from a single primary tumor. Tumoral Southern blot and
microsatellite analyses have confirmed the former notion [18,42,54].
Additionally, real-time PCR analysis of the long terminal repeat regions
of EBV in different EBV-MTs from the same patient have confirmed, in
the majority of cases, that each tumor originated from separate clones
of cells, indicating that multiple tumors are predominantly the result of
independent EBV infective episodes [34].

Based on increased CD21 levels in EBV-MT cells in patients with
AIDS than non-AIDS related SMTs, CD21 upregulation in EBV-MTs
in patients with AIDS has been posited [18]. The inconsistent CD21
expression in EBV-MTs supports additional CD21-independent
pathogenetic pathways and mechanisms, such as infection of smooth
muscle cells by fusion with EBV-infected lymphocytes [6,27].
Furthermore, Bargiela et al. proposed that high viral titres during
primary EBV infection in immunocompromised states promoted
EBV infection of tissue not usually susceptible to EBV infection,
including smooth muscle [12]. Furthermore, in the context of HIV/
AIDS immunosuppression, reactivation of EBV infection is enhanced
during immunosuppression, particularly a decrease in T-suppressor
lymphocytes. This may also promote dissemination of EBV to cells and
tissue not normally infected by the virus. EBV-MTSs occur in advanced
stages of HIV/AIDS with CD4 counts usually <100 cells/mm® [26];
it is possible that the HIV/AIDS-associated declining T-lymphocyte
population facilitates EBV-induced smooth muscle proliferation [55].
The time period between confirmatory HIV infection and clinical
manifestation of EBV-SMTs spans 1 month to 18 years, with >67% being
diagnosed within 4 years of HIV confirmation [6]. An indirect role for
chronic HIV infection in EBV-MT tumorigenesis has been purported
based on defective HIV/AIDS associated immunosurveillance, chronic
antigenic stimulation, the impact of multiple AIDS-associated co-
morbid infective agents and HIV-induced T cell-associated growth
factor stimulation [11]. A direct oncogenic hit by HIV on stem cells in
the pathogenesis of EBV-MTSs remains unproven [9].

Classification of EBV-MTs

The classification of EBV-MTs has been challenged by criteria for
malignancy, similar to that of conventional SMTs. Still germane to this
difficulty are the organ-dependent defining features of malignancy in
SMTs, and the added recognition that tumor outcome in HIV/AIDS
patients is dictated by the immune status of the patient rather than
the microscopic features of the tumor. Some workers have proposed
the overarching term “EBV-associated smooth muscle tumor” rather
than their categorization into benign and malignant tumors [34]. The
rationale proffered is that the microscopic profile of the EBV-SMTs
does not fit the existing criteria diagnostic of EBV-naive leiomyoma
or leiomyosarcoma [34,58]. Other workers have, however, recognized
cellular pleomorphism, mitotic activity and necrosis in EBV-SMTs
and have used compelling microscopic criteria, independent of
outcome, to classify these tumors [6,10,50]. In 2008, the range of EBV-
MTs expanded to include EBV-MPCTs [59]. The histopathological
spectrum of MPCTs in the general population has expanded relatively
recently to include benign and malignant variants; the latter is based
on microscopic criteria similar to that employed for SMTs [49,50].
Furthermore, overlapping phenotypic and immunophenotypic
features of smooth muscle and myopericytic cells within single EBV-
MTs have also been documented, expanding the classification to

include hybrid EBV-MTs with features of SMTs and MPCTs [50]. The
issues surrounding the classification of EBV-MTs remain contentious
but as the understanding and spectrum of these tumors are evolving,
splitting of these tumors using the current histopathological diagnostic
criteria may be advantageous for future redress.

Distinctive Features

To date, the histogenesis of myoid cells that may be infected and
transformed by EBV include smooth muscle cells and myopericytes.
EBV-SMTs have been categorized as leiomyomas, smooth muscle
tumors of uncertain malignant potential and leiomyosarcomas based
on the diagnostic criteria for HIV-naive SMTs in various locations
[37,38]. Definitive diagnostic criteria for the determination of
malignancy in SMTs outside of primary soft tissue, genito-urinary and
gastrointestinal tracts are unestablished to date [6,37,38]. Pathological
features impacting the classification of SMTs include tumor dimensions,
cellularity, cytologic atypia, necrosis and hemorrhage, but mitotic
activity is the most dependable predictor of malignancy [6,37,38,60].
In the urinary bladder, any one of these features or the presence of
muscularis propria invasion is adequate to diagnose malignancy. While
the presence of any mitotic activity in SMTs of subcutaneous or deep
soft tissue is indicative of potential malignancy, the presence of atypia
in brain SMTs is a marker of aggressiveness [33]. Diagnostic criteria for
gastrointestinal lelomyosarcoma include > 5 mitoses per 30 high power
fields (HPFs) in the absence of spindle cell atypia, > 3 mitoses per
30HPFs for spindle cell lesions with conspicuous pleomorphism, and >
2 mitoses per 30HPFs in epithelioid SMTs [33,37]. Female genital tract
leiomyosarcomas are typified by =210 mitoses per 10HPFs. However,
in the presence of significant hypercellularity, cellular atypia and
coagulative necrosis, 5 mitoses per 10HPFs are adequate to diagnose
leiomyosarcomas [61].

EBV-SMTs: Demographic and Pathologic Features

Clinical features

While EBV-SMTs are associated with low CD4 counts, often < 200
cells/pL, the relationship with HIV viral load remains undetermined
in the English-language literature. More than two thirds of EBV-SMTs
are diagnosed within 4 years of HIV infection [6]. The tumor may be
the sentinel of HIV/AIDS in the patient or may be associated with
chronic HIV infection [48-50]. Furthermore, afflicted patients may be
on HAART. There is no gender predilection. The age range of patients
with EBV-SMTs is 2.7 to 4 (average: 25) years, but disproportionate
AIDS-associated childhood affliction is documented [10,15]. Although
EBV-SMTs have been reported in almost every anatomical location
and are typified by multifocality as a characteristic clinical finding,
the most common documented locations include the central nervous
system, spinal cord and column, bronchopulmonary tree, soft tissue
of the extremities and gastrointestinal tract [6,27,34]. Genito-urinary
EBV-SMTs are reported infrequently [28].

Pathology of EBV-SMTs

Gross features: EBV-SMTs are firm, white, grey, tan, solid and
unencapsulated tumors with variable central necrosis, umbilication and
infiltration. Depending on the location, some are well-circumscribed
nodular or lobulated masses [15,17] while others maybe ill-defined
[42]. In hollow organs, EBV-SMTs have a polypoid appearance [4,9].
Vertebral tumors may be dumbbell-shaped [6,15].

Microscopic features: EBV-SMTs are characterized by
architectural and cellular diversity and, as with SMTs unassociated
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with immunosuppression, are plagued by distinctive criteria for
malignancy. Two cell types are described. The first cell type typical
of SMTs, is spindle or cigar-shaped with blunted ends and abundant
eosinophilic cytoplasm [6,48,50] (Figures 2A and 2B). The second cell
type is round or oval in shape with a primitive appearance [6,27,48]
(Figure 2C). The spindle cells are arranged in short interlacing
fascicles (Figure 2A) and the round cells, in a nodular pattern
(Figure 2D) [27,50]. Perivascular whorled (Figure 3A) and gaping or
hemangiopericytic (Figure 3B) cellular arrangements, demonstrating
EBER-positivity (Figure 3C) and a lymphocytic stromal inflammatory
infiltrate (Figure 3D), predominantly of T-lymphocytic subtype, are
documented [48,50]. The cellular EBER-positivity underpins definitive
diagnosis. Hypercellularity (Figure 4A), pleomorphism (Figure 4B),
necrosis (Figure 4C), hemorrhage, variable including negative desmin
immunostaining (Figure 4D) and increased proliferation and mitotic
indices (Figure 4E) correlate with the malignant behavior of EBV-
leiomyosarcomas. Estrogen and progesterone hormone receptor
studies are negative.

Ultrastructurally, features of smooth muscle histogenesis have
been confirmed but nuclear viral particles have not been documented
up to now [6].

Histopathological differential diagnosis of EBV-SMTs

The microscopic differential diagnosis encompasses a wide
spectrum of spindle cell lesions that are reflective of the heterogeneity
induced by the HIV/AIDS background and the diverse and unusual
organs involved, often simultaneously (Table 2). The former specifically
includes AIDS-defining infective and neoplastic lesions. Heightened
microscopic awareness of EBV-induced SMTs underpins the
diagnosis, as it is this suspicion that prompts the performance of EBER
testing in these proliferations. Multiple infective histochemical stains,
including Ziehl Neelsen and Southgate mucicarmine stains, are pivotal
to the diagnosis of mycobacterial and cryptococcal pseudotumors,
respectively. While infective inflammatory pseudotumors may
demonstrate a partial myofibroblastic response because of a healing
response, they are dominated by a CD68 histiocytic immunophenotype
[62,63].

Reactive spindle cell lesions, including nodular fasciitis and
hypertrophic scar, mimic EBV-SMTs on routine hematoxylin and
eosin staining and also share a smooth muscle immunophenotype
[60]. However, EBER testing is negative. Similarly fibromatoses

Figure 2: EBV-SMT: Leiomyoma composed of spindle cells arranged in a fascicular pattern (A, hematoxylin and eosin, 720X) and composed of abundant eosinophilic
cytoplasm (B, hematoxylin and eosin, 480X). Round cells (C, hematoxylin and eosin, 240X) arranged in nodules (D, hematoxylin and eosin, 240X).

J AIDS Clin Res, an open access journal
ISSN: 2155-6113

Volume 7 « Issue 10 « 1000616



Citation: Khaba MC, Ramdial PK, Pillay B, Steyn AJ, Nargan K (2016) Epstein-Barr Virus-Associated Myoid Tumors in Human Immunodeficiency Virus-
Infected Patients. J AIDS Clin Res 7: 616. doi:10.4172/2155-6113.1000616

Page 6 of 12

Figure 3: EBV-SMT: Leiomyoma with perivascular (arrows) cellular whorling (A, hematoxylin and eosin 120X), desmin immunopositive cells (B, oil immersion 1200X),
EBER-positive cells around gaping blood vessels (asterisks) (C, 120X) and intratumoral lymphocytes (arrowheads) (D, hematoxylin and eosin 7120X).

Figure 4: EBV-SMT: Leiomyosarcoma demonstrating a hypercellular, vaguely fascicular growth pattern (A, hematoxylin and eosin 120X), pleomorphism with giant
cell transformation (B, hematoxylin and eosin 240X), early necrosis (C, hematoxylin and eosin, 120X), variable desmin immunopositivity (D, 240X), high Ki-67 staining
(E, MIB1, oil immersion 7200X) and conspicuous mitoses (arrows).
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A. Non-neoplastic
1. Reactive
* Hypertrophic scar
2. Pseudoneoplastic
« Infective pseudotumor
* Nodular Fasciitis
« Fibromatosis

B. Neoplastic
. Benign
+ Cellular schwannoma
« Cellular fibrous histiocytoma
* Meningioma
2. Low grade malignancy
* Inflammatory myofibroblastic tumor
« Dermatofibrosarcoma protuberans
3. High grade malignancy
» Fibrosarcoma
» Kaposi sarcoma
» Malignant peripheral nerve sheath tumors
Melanoma
Gastro-intestinal stromal tumor
Follicular dendritic cell sarcoma

N

Table 2: Mimickers of EBV-associated smooth muscle tumors.

may demonstrate a variable myoid immunoprofile because of its
myofibroblastic lineage [48,60]. The neoplastic mimickers include
benign and malignant mesenchymal tumors, especially those with
a vague or pronounced fascicular pattern. Benign tumors that may
mimic EBV-MTs encompass nerve sheath and fibrohistiocytic tumors,
including cellular schwannoma and cellular fibrous histiocytoma
[48,50]. While the former lacks a myoid phenotype and is richly
S100 protein immunopositive, cellular fibrous histiocytomas, in
contrast, may demonstrate a-smooth muscle and muscle-specific
actin immunopositivity [64]; however, they are EBER-negative. In
addition, the hyperplastic epidermal response, a characteristic feature
of cellular fibrous histiocytoma is not described in EBV-SMTs.
Dermatofibrosarcoma protuberans, a neoplasm of intermediate
malignant potential, is a microscopic pitfall especially in the setting
of fibrosarcomatous transformation; CD34 immunopositivity and
COLIAI mutations set it apart from other spindle cell mimickers
[48]. Another intermediate tumor, inflammatory myofibroblastic
tumor, shares immunophenotypic features with EBV-SMTs, but
inflammatory myofibroblastic tumor has a marked inflammatory
component, may demonstrate anaplastic lymphoma kinase-1
immunopositivity and is EBER-negative [48,50,65]. Of the malignant
tumors, Kaposi sarcoma with a solid, spindle cell component may
resemble EBV-SMT [48-50]. Viral ancillary testing demonstrates
Human herpes virus 8-infected neoplastic cells in Kaposi sarcoma. In
contrast to EBV-SMTs, malignant nerve sheath tumors and melanoma
are S100 protein-positive and EBER-negative, and extra-intestinal
or metastatic gastro-intestinal stromal tumors are CD34 and CD117
positive. Monophasic synovial sarcoma and malignant mesothelioma
mimic leiomyosarcoma but epithelial markers, especially epithelial
membrane antigen immunopositivity in the former, and mesothelial
marker immunopositivity in the latter, facilitate their diagnostic
distinction [6,27,48-50]. Dural EBV-SMTs must be distinguished from
meningiomas that are epithelial membrane antigen immunopositive
[33,36,48-50].

While EBV-SMTs are characterized by common histopathological
attributes, irrespective of the cause of immunosuppression, they contain
subtle microscopic features that set them apart from conventional,
somatic SMTs occurring in HIV-negative and immunocompetent
patients. These include the presence of large, round cells with irregular
nuclear contours and an immature phenotype, in addition to spindle
cells and intratumoral lymphocytes, predominantly of T subtype

[6,18,27,34]. There is a close relationship to the walls of small blood
vessels, with proliferation of EBER-positive round and spindle cells
within blood vessels and swirling of cells around the vessel [34,48,60].
This phenomenon, variably referred to as vascular dysplasia or atypia,
has been the basis of speculation that vascular smooth smooth muscle
is the site of viral infection in EBV-MTs [48].

EBV-MPCTs: Clinicopathologic Features

Clinical features

The clinicopathological spectrum of myopericytoma, first
described as a distinct entity in 1998 [66], has evolved to include
malignant, hybrid and intravascular forms [47,49,50,67]. In addition,
an association between EBV and immunosuppression was reported for
the first time a decade later [59]. The association with AIDS-associated
immunodeficiency is evidenced by prior opportunistic infections and
lowperipheralblood CD4 cell counts, ranging from 20-63/mL, inafflicted
patients [46,49,50]. EBV-MPCT, however, remains a rarely reported
tumor, even from countries ravaged by AIDS. MPCT is classified as a
member of the group of perivascular tumors that also includes glomus
tumors, haemangiopericytomas, glomangiopericytoma and adult
myofibromatosis [66]. MPCTs in HIV-naive patients are identified
mainly in subcutaneous and superficial soft tissues of the extremities
in middle adulthood [66-70]. They usually present as solitary, painless
and slow-growing masses. Occurrence outside the somatic soft tissues,
including the brain, thoracic cavity, lip and nasal cavity, is documented
rarely [66,67]. In contrast MPCTs in AIDS patients commonly occur
outside somatic soft tissue, including the bronchus, tongue, vocal cord,
brain, hepatobiliary system and spinal epidural tissue; these sites are
only rarely involved in HIV-naive patients [46]. Furthermore, the
solitary presentation of sporadic MPCT differs from the multifocality
reported in the AIDS context [46,50,59]. The association with EBV
in the HIV/AIDS setting is unique as it is conspicuously absent in
sporadic MPCTs studied as control cases [46]. While EBV-MPCTs
are reported uncommonly in the global literature, visceral biliary and
intracranial tumors have been documented [46,49,50,59]. Similar to
EBV-MPCTs in HIV-naive patients, benign and malignant variants are
described [49,50].

Pathological features

Gross features: EBV-MPCTs are generally unencapsulated, grey-
white tumors of firm consistency [45,46] with a nodular or polypoid
gross appearance (Figure 5A).

Microscopic features: EBV-MPCTs are composed of sheets of
round, oval and spindle-shaped neoplastic cells (Figure 5B). The
latter have eosinophilic cytoplasm and may merge into fascicles,
highly reminiscent of smooth muscle cells [46,50,59]. The nucleoli
are frequently vesicular with variable nucleolar prominence and
hyperchromasia. The cellular sheets are punctuated by slit-like,
staghorn and dilated vascular channels [46,49,50,59] (Figure 5C).
In addition, MPCTs display a prominent concentric and multi-
layered perivascular proliferation of spindle cells [46,49,50] that are
EBER-positive (Figure 5D). The variable inflammatory background,
composed of CD4+ and CD8+ lymphocytes and CD68-positive
macrophages, may be a marker of an immune reconstitution reaction
[49,50]. The lesional cells are H-caldesmon (Figure 6A), a-smooth
muscle actin (Figure 6B) and muscle specific actin immunopositive
and desmin immunonegative (Figure 6C) [35,45,62]. Even where
cells display a spindled appearance with eosinophilic cytoplasm and a
fascicular arrangement, similar to smooth muscle, they retain a desmin
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Figure 5: EBV-MPCT: Benign polypoid intestinal MPCT (A) composed of round, oval and spindle cells (B, hematoxylin and eosin 120X), dilated and staghorn-shaped
(arrows) vessels (C, hematoxylin and eosin 7120X) and EBER-positive cellular mass spinning off blood vessel (asterisk) wall (D, 120X).

Figure 6: EBV-MPCT: Benign MPCT displaying H-caldesmon (A, 480X) and a-smooth muscle actin immunopositivity (B, oil immersion 7200X) and desmin
immunonegativity (C, 120X).
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immunonegative myopericytic immunophenotype [45,46,49,50].
Malignant EBV-MPCTs are hypercellular tumors (Figure 7A) with
cytomorphological pleomorphism (Figure 7B), foci of necrosis (Figure
7C), retained EBER-immunopositivity (Figure 7D) and increased
proliferative (Figure 7E) and mitotic indices [49,50,66].

Histopathological differential diagnosis of EBV-MPCTs

EBV in-situ hybridization is the most powerful diagnostic tool in
the histopathologist’s armamentarium for the diagnosis of EBV-MTs.
Similar to EBV-SMTs, the differential diagnosis of EBV-MPCTs is
influenced by the anatomic location of the tumor. The first mimicker,
common to all locations in the AIDS setting, is EBV-SMT [45,46,49,50].
The global literature documents shared phenotypic overlap by way of
round, oval and spindle cells. However, myopericyte-derived tumors
are consistently desmin immunonegative. Further attention must be
directed to hybrid EBV-MTs in which EBER-rich round and spindle
cells co-exist but the latter are desmin immunonegative and former,
desmin immunopositive [50]. As myopericytes spin off vessel walls in
a concentric manner, residual vascular mural smooth muscle cells may
resemble a neoplastic smooth muscle component, but the latter are
desmin immunopositive and EBER-negative.

Kaposi sarcoma that also occurs in somatic soft tissue, skin and
visceral sites is another HIV/AIDS-associated mimicker [50]. While
both tumors are richly vascularized and contain a lymphoplasmacytic
infiltrate, the vasculature in Kaposi sarcoma is slit-like and congested.
EBV-MPCTs contain dilated, often empty, blood vessels with a
staghorn configuration. Kaposi sarcoma also demonstrates erythrocyte
extravasation and eosinophilic hyaline globules [49,50]. Nerve sheath
tumors in any location are distinguished from EBV-MPCT by S100
immunopositivity. The presence of an inflammatory component
and round, oval and spindle cells is shared with inflammatory
myofibroblastic tumor (IMFT), but the inflammatory component
is more dense and heterogeneous in IMFT [46,50]. In contrast to
EBV-MPCT, 60% of IMFTs express anaplastic lymphoma kinase-1
protein. Glomus tumors share closest morphological similarity with
EBV-MPCT, as both tumors are typified by round, uniform cells with
well-demarcated nuclei and cellular, concentric layering around vessel
walls. However, slight separation of the spindle cells from the vessel
wall is seen in glomus tumor that contrasts with the direct spinning off
of cells from the vessel wall in MPCT [50,66].

In  intracranial  locations,  solitary  fibrous  tumor/
haemangiopericytoma requires distinction from MPCT as both share
cytomorphological and vascular architectural similarities. Although
the former shares an actin immunopositive, desmin immunonegative
profile with EBV-MPCT, it differs from EBV-MPCT by its
diagnostic CD34 immunopositivity [59]. In the gastrointestinal tract,
gastrointestinal stromal tumor is distinguished from EBV-MPCT by
CD117, CD34 and H-caldesmon immunonegativity [46]. In the AIDS
context, infective mycobacterial and fungal pseudotumors with round,
oval and spindled CD68-immunopositive histiocytes and organizing
inflammatory myofibroblastic responses must be distinguished from
EBV-MPCT that shares an actin-rich myofibroblastic but not a CD68-
positive histiocytic immunophenotype. A high index of suspicion for
infective pseudotumors in the context of HIV/AIDS underpins the
conduction of infective special stains and the identification of infective
agents therein [63].

Outcome of EBV-MTs

Despite the diagnostic challenges and varied criteria for the
diagnostic confirmation of benign and malignant EBV-MTs in different

locations, the outcomes of the tumors are dependent on the immune
status of the patient, co-morbid infective diseases and the atypical
locations of the tumors [27,34]. These factors have underpinned the
controversies surrounding outcome in EBV-SMTs. While mortality
figures approximating 26% are reported in EBV-MTs, death due
directly to EBV-MTs has been documented in approximately 6% of
patients [45]. There is a four times possibility that death in patients
with EBV-SMTs is more likely to be caused by another co-morbid
condition [6]. It is not possible to confirm whether multiple tumors
are part of the multifocal evolutionary pathogenesis or whether they
are metastases in the absence of clonal studies [51]. EBV-SMTs are
resistant to cytotoxic chemotherapy that may also be tolerated sub-
optimally by immunocompromized patients [36]. The impact of
HAART on EBV-SMTs is poorly reported, but size stabilization and
regression with modest increase in CD4 counts are documented [6].
Prolonged depressed CD4 cell counts accompanied by persistently
high viral loads may accelerate tumor growth and recurrence risks [36].

The current management recommendation for EBV-MTs is
treatment on an individual basis with complete surgical excision and
follow-up as the treatment strategy of choice. However, in sites where
tumors are not completely amenable to surgical extirpation, such as the
craniospinal column, head and neck sites and pancreaticobiliary ductal
system, site-related complications impact outcome. EBV-specific
immunotherapy including mTOR inhibitors and demethylating agents
are emerging potential therapeutic options for EBV-SMTs [57,71].
When complete surgical excision is not feasible, chemotherapy,
although with limited options, and radiotherapy may effectively
shrink EBV-MTs, facilitate resection, improve survival and decrease
recurrences. Combination chemotherapy or single chemotherapeutic
agents may be employed. Ifosfamide and doxorubicin or gemcitabine
and docetaxel are described as combination chemotherapy or
gemcitabine and doxorubicin have been used as single agents [36].
Challenges on the treatment coalface include co-morbid infection-
associated neutropenia, outpatient management, patient compliance
and uncertainty of chemotherapeutic efficacy because of the sparse
global literature on the topic [36,57,71]. Whether HAART impedes the
growth and spread of malignant EBV-MTs remains uninvestigated.

Uncertainties, Literature Gaps, Future Directions

Despite the expanding spectrum and evolving understanding of
EBV-MTs, the dearth of reports on the management and outcomes of
EBV-MTs impact comprehensive understanding of these tumors. Gaps
and uncertainties with respect to standardized diagnostic approaches,
understanding and treatment exist (Table 3); attempts to narrow these
shortcomings are summarized below:

Global Reporting on EBV-MT

EBV-MTs are a well-recognized HIV/AIDS immunosuppression-
related tumor but the entity is reported rarely, especially from
countries devastated by AIDS. It is possible that healthcare teams from
these AIDS-epidemic areas are understaffed and overworked and the
lack of reports may therefore represent a function of non-reporting
rather than tumor rarity. Attempts to facilitate investigation of EBV-
MTs from all AIDS-afflicted countries by willing global partners may
be the solution to improve understanding, definition, classification and
treatment strategies thereof.

Histogenesis and Pathogenesis

Immunosuppression and EBV-infection are important co-
factors in the etiopathogenesis of EBV-MTs. Not only the exact
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Figure 7: EBV-MPCT: Malignant MPCT typified by hypercellularity (A, hematoxylin and eosin 120X), pleomorphism (B, hematoxylin and eosin 480X), necrosis, (C,
hematoxylin and eosin 120X), EBER-positivity (D, 240X) and high Ki67 immunostaining (E, MIB1, oil immersion 1200X).

Issue Potential Future Directions

Global assistance to countries:
* unable to diagnose for technical reasons
1. EBV-MT rarity versus under-reporting * unable to report: time constraints
* unable to report: staffing limitations
« electronic challenges

Referral to partnered laboratories
*  Poor immunohistochemical and in-situ platforms
*  Morphological consultation
*  CD4 and viral loads
*  Role of immune reconstitution

Adequate description and immunophenotyping to determine origin from:
*  primitive mesenchymal cell
*  myopericyte
«  vascular mural smooth muscle
Attention to:
«  Distinctive diagnostic criteria
«  Defined immunophenotyping
*  Recognition of hybrid tumors

Careful reporting of:
«  Site dependent diagnostic criteria for EBV-MTs
«  Clonal assessment to determine multifocality versus metastases

Roles for:

«  HAART
EBV-antiretroviral therapy
Chemoradiation
Biological agents

2. Diagnostic/ pathogenetic challenges: poor laboratory infrastructure/ testing
platforms

3. Histogenesis

4. Classification of EBV-MTs

5. Predictors of malignancy

6.  Treatment

EBV: Epstein Barr Virus; EBV-MT: Epstein Barr Virus-Associated Myoid Tumor; HAART: Highly Active Anti-Retroviral Therapy
Table 3: Uncertainties, literature gaps and potential future directions.

origin of EBV-MT, viz. from differentiated vascular smooth muscle, are also unexplained. Ab initio entry into myoid cells must be investigated
perivascular myocyte or primitive mesenchymal undifferentiated cells,but ~ and distinguished from the alternate possibility of infection of transformed
the exact mode of entry of EBV into myoid cells and their transformation ~ myoid cells [50].
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EBV-MT Classification

The broad spectrum of EBV-MTs includes EBV-SMTs, EBV-
MPCTs and hybrid EBV-MTs [50]. While the distinguishing features
have included a spindle cell component with eosinophilic cytoplasm,
the presence of a round cell component, or an admixture of these
cell types, and the importance of desmin immunostaining in the
distinction of EBV-MPCT from EBV-SMT cannot be overvalued.
Desmin immunoprofiles are inconsistently reported in EBV-SMTs.
Co-identification of vascular myoid and myopericytic cells have also
led to the recognition of hybrid EBV-MTs. It is therefore recommended
that future reports be standardized to include detailed phenotypic and
immunophenotypic profiles of EBV-MTs [44].

Predictors of Malignancy and Outcome

The diagnostic criteria and predictors of outcome of EBV-MTs
remain controversial. The mortality related to EBV-MTs in AIDS
patients is a function of their complete resectability and control of co-
morbid AIDS-associated opportunistic infections. Mortality of patients
with EBV-MTs approximate 26% but death due specifically to direct
tumor effects has been reported in 6% of patients [6,46,50]. The long-
term survival that has been reported in patients with multifocal tumors
strengthens the viewpoint that multiple EBV-MTs are multifocal rather
than metastatic tumors [4,59]. The non-surgical therapeutic options are
limited. The exact roles of HAART in tumor regression and flares, as a
manifestation of immune reconstitution, require investigation [6,50].
Chemotherapy, radiation, combined chemoradiation and personalized
biological therapy are emerging management options [36,57,71].

Conclusion

While the recognition of myoid tumors in the background of
immunosuppression represented a crucial pathogenetic landmark,
this was heightened by the discovery of the EBV and HIV associations.
Although uncertainties in respect of etiopathogenetic pathways,
validated diagnostic and prognostic criteria, outcome and therapy
prevail, viral associations justify expanded antiviral therapy as
therapeutic options. The recognition of malignant EBV-MTs justify
the use of chemoradiation, as for SMT's in HIV-naive settings, but such
measures must be undertaken with insight into patients’ immune status.
In an attempt to improve global understanding and perspectives of
EBV-MTs in the HIV/AIDS context, healthcare researchers, especially
those in developing countries most afflicted by the AIDS pandemic,
must be encouraged to report on their experiences and challenges
related to the recognition, diagnosis, treatment and outcomes thereof.
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