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Abstract

Kaposi sarcoma associated herpesvirus (KSHV), a -y2-herpesvirus, also known as human
herpesvirus-8, is the etiologic agent of three virally associated tumors: Kaposi sarcoma, a
plasmablastic form of multicentric Castleman disease (KSHV-MCD) and primary effusion
lymphoma. These malignancies are predominantly seen in people with acquired
immunodeficiencies, including acquired immunodeficiency syndrome and iatrogenic
immunosuppression including organ transplantation, but can also develop in elderly. Kaposi
sarcoma (KS) is most frequent in regions with high KSHV seroprevalence, such as sub-Saharan
Africa and some Mediterranean countries. In the era of combination antiviral therapy,
inflammatory manifestations associated with KSHV-infection, including KSHV-MCD, a recently
described KSHV-associated inflammatory cytokine syndrome and KS immune reconstitution
syndrome are also increasingly appreciated. Our understanding of viral and immune mechanisms
of oncogenesis continues to expand and lead to improved molecular diagnostics as well as novel
therapeutic strategies that employ immune modulatory agents, manipulations of the tumor
microenvironment, virus activated cytotoxic therapy, or agents that target interactions between
specific virus-host cell signaling pathways. This review focuses on the epidemiology and advances
in molecular and clinical research that reflects the current understanding of viral oncogenesis,
clinical manifestations and therapeutics for KSHV-associated tumors.

Introduction

Kaposi sarcoma-associated herpesvirus (KSHV) was first isolated from Kaposi sarcoma
(KS) lesions in patients with acquired immunodeficiency syndrome (AIDS) by Chang and
Moore in 19941 and was later established to be the etiologic agent for KS in several
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epidemiologically distinct populations?4. Subsequent studies showed it to be the etiologic
agent of several other lymphoproliferative disorders, including primary effusion lymphoma
(PEL), a plasmablastic form of multicentric Castleman disease (KSHV-MCD) and large cell
lymphoma arising in the setting of KSHV-MCD?>: 6. We will review clinical aspects of
KSHV-associated malignancies, including risk factors for tumor development, the
relationship with human immunodeficiency virus (HIV), rarer manifestations of KSHV
infection, select KSHV-encoded genes implicated in oncogenesis, as well as clinical
presentation and treatment approaches for KS, KSHV-MCD and PEL.

KS was initially described in 1872 as a lower extremity tumor among elderly men by the
dermatologist Moritz Kaposi, and this form, which develops in Mediterranean or Ashkenazi
Jewish men, has been called c/assic KS. KS was subsequently noted to be a relatively
common tumor in sub-Saharan Africa in the 1950s-1970s, prior to the HIV epidemic’. Later,
an association with immunosuppressive drugs was reported®.

In 1981 an unusual clustering of KS cases among young men who have sex with men
(MSM) in the United States (US) was a harbinger of the AIDS epidemic® and KS was
considered an AIDS-defining malignancy by the Centers for Disease Control and
Preventionl9. AIDS was subsequently found to be caused by a newly discovered human
retrovirus, HIV. Between 20 and 50% of AIDS patients developed KS during the early
epidemic in US. An epidemiologic clue to the origin of KS came from the observation that
KS incidence was much higher in HIV-infected MSM than in other HIV risk groups (e.g.
injection drug users), leading to the hypothesis that KS was caused by a transmissible agent
other than HIV that was better transmitted by sexual contact than by exposure to blood!1.
The nature of this putative agent was initially elusive. However, this mystery was solved in
1994 when a novel y2-herpesvirus, KSHV, was discovered by representational difference
analysis of KS lesions compared to normal skinl. Subsequent studies showed PEL, an
unusual lymphoma associated with AIDS, and KSHV-MCD were also associated with and
caused by KSHV®: 6, Cases of PEL and KSHV-MCD have also been described in patients
without HIV. KSHYV is a necessary etiologic agent for KS based on epidemiologic studies
demonstrating temporality and strength of association as well as experimental and laboratory
evidence confirming biologic plausibility? 13, KSHV is classified as group 1 biological
carcinogenic agent, with sufficient evidence to link to carcinogenicity in humans, by
International Agency for Research on Cancer4. However, only a small percentage of KSHV
infected individuals develop KSHV-associated tumors, thus KSHV infection is not sufficient
to cause oncogenesis.

Epidemiology of KSHV Infection

The incidence of KS largely mirrors KSHV seroprevalence, although KS risk is dramatically
increased by HIV co-infection. Several epidemiologic patterns of KS have been described:
classic KS, discussed above; endemic KS occurring in men and women in Africa and often
occurring at a younger age; epidemic KS associated with HIV infection; and /atrogenic KS,
generally seen in the setting of transplantation. In regions with access to combination
antiretroviral therapy (CART), AlDS-associated KS incidence has decreased by up to 80%
since its peak in the early AIDS epidemic!®, largely due to improved control of HIV viremia
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and preserved CD4+ T-cell counts and immune function. Nonetheless, KS incidence in
patients on long-term cART remains markedly elevated compared to the general population,
even in patients with preserved CD4+ counts. Furthermore, despite decreased HIV incidence
in the US since the peak of the AIDS epidemic, there are still 50,000 incident cases of HIV
per year in MSM in the US16, and there continues to be a high rate of KSHV infection in
this population. KS represents a major public health problem in sub-Saharan Africa, where
KSHYV infection is endemic and resources to treat HIV/AIDS related complications are
limited. In some areas and countries in Africa, it is the most common tumor in men?’.

KSHV Serologic Assays

KSHYV seroprevalence has been estimated in several large population-based studies. The
primary means of assessing for KSHV infection is antibody testing. KSHV has a large
genome with more than 85 genes, most of which have the potential to be antigenic. In
KSHV-infected individuals, antibody response to viral antigens is variable, with certain
antigens such as latency associated nuclear antigen (LANA) or the capsid antigen K8.1
eliciting strong responses. Intensity of immune response may also depend on HIV status, as
well as the co-existence of a KSHV-associated malignancy®. Current serologic studies
employ either immunofluorescent assays (IFA)!® or enzyme-linked immunoassays (ELISA)
against one or more KSHV-encoded latent and/or lytic proteins20: 21, The sensitivity of these
assays is variable, while the specificity is generally greater than 95%322. With ELISAS,
definition of KSHV-seropositivity based on a combination of tests for reactivity against a
lytic (K8.1) and latent (LANA) antigen increases sensitivity while preserving specificity, and
this approach generally performs well in epidemiologic studies. However, there is no US
Food and Drug Administration (FDA)-approved diagnostic test for clinical purposes such as
documentation of acute infection. Additionally, challenges exist related to a gold-standard
confirmatory test for KSHV infection in subjects without a documented KSHV-associated
malignancy or detectable KSHV in the blood or saliva.

In addition to limitations in the accuracy of IFA and ELISA assays, these assays are
technically burdensome. Newer recombinant antigen-based serologic assays employing
either a luciferase immunoprecipitation system against 4 KSHV antigens?® or a magnetic-
bead based multiplex assay using 6 KSHV antigens!® have been recently developed. These
newer assays appear to be dynamic across a wider range of antibody concentrations and
have a higher sensitivity and preserved specificity compared to earlier assays. However, they
are currently performed only in a few research laboratories, and require validation in
additional populations.

Estimates of KSHV seroprevalence in different populations

KSHYV was established in populations of endemic areas in the distant past and appears to
have migrated with humans as they colonized the world. Subtypes of KSHV defined on the
basis of strain variability of KSHV-encoded K1 and K1524 have been used to evaluate the
spread of KSHV. It has been speculated that KSHV was present in the origins of modern
humans in Africa (B subtype), and that migrations of human out of Africa, first to the
Middle East, and then South Asia (D subtype), and later to Europe, North Asia, and the
Americas (A and C subtypes) established the other epidemiologic patterns?4. An increase of
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KSHYV in MSM appears to have preceded the rise of HIV25; HIV may then have facilitated
further spread of KSHV.

Unlike most herpesviruses, which are almost universally prevalent in adults, KSHV
prevalence currently varies substantially in different populations. Three major patterns are
noted: a) high-level endemic areas including many parts of Africal?; b) intermediate-level
endemic areas featuring seroprevalences between 10 and 25%, such as the Mediterranean
areal® 26; and c) non-endemic areas where seroprevalences are less than 10%; these include
North America, Northern Europe, and most of Asial®. Prevalence estimates vary widely in
different regions and populations in the Caribbean, Latin America, and South America.
Within a country, substantial regional variation can be noted. For example, among blood
donors in Italy, prevalence was estimated to be 7.3% in Northern and Central Italy and
24.6% in Southern Italy26. Interestingly, outside of KSHV endemic regions, high KSHV
antibody prevalence has been reported in several distinct populations, for example an
estimated seroprevalence of 65% among Brazilian Amerindians greater than 30 years of
age?’, 33% among adults in Papua New Guinea?®, 20%-46% in Xinjiang, ChinaZ® and 25%
among Hispanic children in South Texas, US30. While KSHV seroprevalence is less than 5%
in the general US population, it is markedly elevated in MSM, with estimates ranging from
25% to 60% among HIV-infected and 20% to 30% of HIV-uninfected MSM3L: 32, KSHV
infection in HIV-uninfected MSM in other countries also appears common33. In Africa,
regional differences appear to be correlated with malaria, HIV, and socioeconomic
status34-37,

Modes of transmission

Behavioral risk factors for KSHV transmission are incompletely understood, and appear to
vary in endemic and non-endemic regions. Saliva exchange appears to an important factor.
KSHV DNA sequences are detectable in saliva3® and oral tissues of some KSHYV infected
individuals. Exposure to KSHV-infected saliva is believed to be a major route of KSHV
transmission in both MSM in non-endemic regions and in children in endemic regions. In a
study in Seattle, salivary shedding of KSHV DNA was detected in 61% of 44 KSHV-
infected MSM on at least one day tested3°. Saliva exchange appears to be the main mode of
KSHYV transmission to children, due in some cases to practices such as pre-mastication of
food by the mother3%. KSHV salivary shedding is also common among adults with endemic
infection; approximately one-third of commercial sex workers in Kenya0 and one-fourth of
mothers of children with sickle cell disease in Uganda*! had KSHV DNA in saliva.
Increased oral shedding is associated with untreated HIV infection, malaria parasitemia, and
perhaps other infections3.

In high-level endemic areas, KSHV is predominantly transmitted during childhood by a
horizontal non-sexual route rather than vertical transmission. In such areas, KSHV
seropositivity is relatively uncommon in infants and there is an age-dependent increase in
KSHYV seroprevalence during childhood. Children are more likely to be infected if they are
residing with an affected or seropositive mother, siblings or family members. Other risk
factors include type of water supply and low socioeconomic status3’. Among adults, KSHV
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risk also increases with increased number of sexual partners in both endemic and non-
endemic areas*2-44,

For MSM in the US, a sexual route of acquisition is likely to be particularly important, with
seropositivity associated with history of sexually transmitted diseases (STD) and higher
number of sex partners3L. Saliva exchange during certain sexual activities such as deep
Kissing, oro-genital sex, or use as saliva as a lubricant for anal sex appears to be the major
source of transmission among MSM38. 42,45, 46 |dentification of KSHV in semen is
relatively infrequent in immunocompetent hosts38: 47. While slightly more common in HIV-
infected patients#”: 48, KSHV viral load in semen is much lower than in saliva, further
suggesting semen exchange is a less common route of transmission.

Additional sexual risk-factors associated with KSHV transmission in presumed heterosexual
populations have not been clearly established. In the US, KSHV seroprevalence in
heterosexual men is associated with number of lifetime partners and history of herpes
simplex-144. Some*? but not all studies®® from high endemic areas have reported higher
prevalence of KSHV-seropositivity among commercial sex workers and heterosexual
individuals attending STD clinics, and those with HIVV®L, Circumcision and condom use
were found to have a modest protective effect in one study of heterosexual men in Kenya*®,
Although a steady increase in seroprevalence observed beyond puberty provides evidence
that sexual transmission also occurs in areas where KSHV is highly prevalent, KSHV
infection appears to be commonly established during childhood and later sexual
transmission may be relatively less important3®,

KSHYV transmission via blood and blood products is possible, as KSHV-infected persons
could have circulating KSHV-infected mononuclear cells. However, such transmission is
usually rare as evidenced by the substantially lower KS incidence observed in US AIDS
populations whose risk factor for HIV was intravenous drug use or transfusionl: 43,
Additionally, KSHV seroprevalence in HIV-infected injection drug users is substantially
lower than in HIV-infected MSM20: 52 further suggesting that blood exchange through
sharing contaminated needles is a relatively unimportant route of KSHV transmission,
especially when compared to transmission of other viruses such as HIV, hepatitis C virus or
hepatitis B virus®3.

In non-endemic settings, where modern blood-banking techniques, including stringent donor
screening, laboratory testing of products for other infectious agents, leukodepletion of fresh
components, and proper storage of blood components are routinely practiced, the risk of
transmission appears to be extremely low. In US, approximately 3% of blood donors are
seropositive for KSHV, and even if seropositive, these healthy donors have extremely low
risk of detectable viremia®?. In contrast, in resource-poor endemic areas, e.g. Uganda, with
less stringent donor screening and less advanced blood component processing (including the
use of non-leukodepleted red cells or unprocessed whole blood), the KSHV seroprevalence
among blood donors is about 40% and the risk of infection associated with receipt of a
transfusion from a seropositive donor may be as high as 5%°°.
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On the other hand, transmission of KSHV through solid organ transplantation is relatively
more common and because of the immunosuppression that is utilized post transplantation it
is clinically important®®. Interestingly, cases of KS of donor cell origin developing in solid
tissue transplant recipients who were KSHV seronegative at time of transplant have been
reported, suggesting KS can originate from transmission of KSHV-infected progenitor cells
from the donor to the host through the graft>’: 58, Primary KSHV infection with severe
inflammatory symptoms in seronegative recipients who received renal®® or liver
transplantation from KSHV positive donors®, and fatal visceral KS and KSHV-associated
lymphoproliferations after a heart or liver transplant have also been reported. In a French
multicenter transplant study, where 217 seronegative solid organ recipients who received
organs from KSHV seropositive donors were followed®1, approximately 30% of these
KSHV-negative recipients seroconverted. However, KSHV viremia was only detected in 4 of
the liver transplant patients, 2 of whom developed KSHV-associated malignancies. Also, one
renal transplant patient who seroconverted developed KS®L. Given the risk for infection as
well as increased risk for development of KSHV-associated malignancies in the setting of
immunosuppression, these data support a role for evaluating KSHV serostatus in solid organ
transplants donors and recipients, and appropriate monitoring for KSHV associated
conditions in cases of a KSHV infected recipient and/or donor.

Risk Factors for Developing KS and Other KSHV-associated Malignancies

HIV-induced immunosuppression is an important cofactor in the induction of KS. Both
absolute decreases in CD4+ counts and lack of KSHV-specific T-cell immunity52: 63 are
associated with incident KS. Also, KS is independently associated with the degree of HIV
viremiab4. Before the widespread use of cCART, patients co-infected with HIV and KSHV
were estimated to be 400 to 2000 times more likely to develop KS than those with just
KSHYV infection. The widespread use of CART in the US and Western Europe resulted in an
initial 80% decrease in the incidence of KS8. However, further decreases after 2000 have
been more modest, and KS remains the second commonest tumor arising in HIVV-infected
persons in the US, after non-Hodgkin lymphoma, with a cumulative incidence of
approximately 2% in the cART erab®. KS is still the commonest AIDS-defining malignancy
in parts of sub-Saharan Africa where both HIV and KSHV seroprevalence is elevated.

A number of immunosuppressive drugs are implicated in the development of /atrogenic KS,
including cyclosporine, azathioprine, glucocorticoids and rituximab8: 6768, These are
particularly important in the setting of transplantation, but are also relevant in the setting of
chronic immunosuppression for rheumatologic conditions or treatment of KSHV-infected
patients with other malignancies. Solid organ transplantation increases the risk of KS in the
general US population by 60-fold®9. Overall, among Italian and French organ transplant
recipients, risk of KS is 125-fold greater than the general population and the cumulative risk
for KS in renal transplant in Italy is approximately 1%7°. However, among KSHV-
seropositive renal transplant recipients, the cumulative risk appears substantially higher, and
is estimated at greater than 10%°°.

Inherited immunodeficiencies are a rare cause of KS, and such cases can present in
childhood. KS cases have been reported in the setting of OX040 deficiency’l, STIM1
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deficiency’?, interferon-yR1 deficiency’3, and Wiskott-Aldrich syndrome’4. Additionally,
hemophagocytic syndrome has been noted after KSHV infection in infants with
heterozygous mutations in perforin alleles resulting in undetectable perforin expression’®.
Polymorphisms in certain immune genes may also modulate KS risk in adults. An /L13
promoter region variant 98A7% has been associated with a 1.9-fold increased risk, and the
1235T/-1010G /L8RB haplotype was associated with a 2-fold decreased risk for classic KS.
In patients with HIV, an /L6 promoter polymorphism (G174C) is also associated with KS?”.

Age is an important risk factor for KS, and c/assic KS typically develops in elderly men.
Classic KS is associated with decreased lymphocyte counts’®, and KS development may be
promoted by immunosenescence. Given the increased longevity and aging of the HIV-
infected population, an increase in KS in future years is possible. In this regard, a recent
study of T-lymphocyte phenotype in AlDS-associated KS occurring in the setting of
controlled HIV suggested KS is associated with immunologic disturbances generally
associated with aging, including decreased naive (CD27+CD28+) T-cells and a skewing
towards a immunosenescence phenotype (CD57+CD28-) T-cells’®. Evaluation of the risk of
KSHV-associated malignancies in an aging population of HIV/KSHV co-infected
populations remains an important research area.

In contrast to the epidemiology of KS, which has been extensively studied, relatively little is
known about the epidemiology of KSHV-MCD and PEL, in part because these diseases are
relatively newly described. Also, KSHV-MCD is not monitored in cancer registries, and PEL
was only recently included. There is some evidence that KSHV-MCD incidence has
increased in the cART era80. Interestingly, there may be virus-specific risks for KSHV-
MCD, as polymorphisms in KSHV-encoded microRNA (miRNA) appear to be related to
MCD and other inflammatory manifestations of KSHV8L, PEL is generally viewed as
arising primarily in HIV patients with low CD4+ counts; however, recent data indicates that
it can arise in patients with relatively preserved CD4+ counts and even in HIV-negative
individuals.

Pathogenesis of KSHV-associated Tumors

KSHYV can infect a variety of cells including those of endothelial lineage, monocytes, and B
cells. While PEL and MCD are B cell lymphoproliferative disorders, KS is an
angioproliferative tumor that is endothelial in origin82. KSHV has a large double stranded
DNA genome that encodes for a number of mimics of human genes, several of which have
immunologic or angiogenic properties®3: 84, The KSHV genome is encoded in a circularized,
extra-chromosomal episome, which is tethered to the host chromosome, thus maintaining its
replication during host cell division. Like other herpesviruses, it has two main programs in
cells: latent infection, in which only a few genes are expressed and lytic infection in which
multiple genes are expressed and viral replication occurs. Lytic replication can be induced
by a number of factors, including hypoxia8®, oxidative stress86, or co-infections with agents
including HIV®7. In addition, lytic activation can be induced by certain cytokines or
exposure to certain chemicals, including those that have histone deacetylase or proteasome
inhibitor activity88: 89, Lytic activation is largely coordinated by a virally encoded replication
and transcription activator, Rfa, which in turn activates other lytic genes®0. Some KSHV-
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encoded genes, such as a viral homologue of interleukin-6 (vIL-6) are expressed at low
levels during latency, but upregulated with lytic activation®l. While the primary function of
latency-expressed genes is to enable chronically infected cells to remain in the body, in part
through immune evasion, these same genes, as well as some lytically expressed genes can
also promote tumorigenesis. KSHV-associated malignancies can be seen as an accidental
byproduct of KSHV’s survival strategies, particularly those aimed at developing persistent
infection and thwarting cellular defenses against viral infection. The potential contributions
of individual latent and lytic KSHV gene products vary by tumor type. In KS and PEL, the
predominant populations of tumor cells harbor latent KSHV, and only up to 5% of cells
undergo lytic replication at any time92, In KSHV-MCD, however, a higher percentage of the
plasmablasts express vIL-6, and to a lesser extent, a fuller array of lytic genes, which are
important in the pathophysiology of MCD. Several KSHV genes of interest are discussed
below.

KSHYV latently expressed genes

The KSHV latent genes include open reading frame (ORF)K12/Kaposin, ORF71/K13/
VFLIP, ORF72/v-Cyclin, ORF3/LANA, ORFK10.5/LANA-2/VIRF3, and the 12 virus-
encoded miRNAs. KSHV latent transcripts, including genes and miRNAs, function to
subvert host signaling pathways and favor viral persistence.

Latency-associated nuclear antigen (LANA)

The LANA, encoded by ORF73, plays an important role in tethering KSHV to cellular
histones and is required for the establishment of viral latency®3 as well as replication and
maintenance of the episomal KSHV genome. It also modulates transcription of certain
interferon response genes®* and plays a role in maintaining viral latency through inhibition
of Rta%. LANA also inhibits the activities of p53 and RB, thereby affecting cell cycle
progression and suppressing apoptosis in the infected cells%: 97. In addition, LANA
deregulates growth inhibitory Wnt signaling pathway by nuclear trapping of glycogen
synthase kinase 3p, hence stabilizing B-catenin, and upregulating MYC expression8. LANA
contributes to an upregulation of hypoxia inducible factor (HIF) and angiogenesis, in part by
stabilizing HIF-1a and by targeting von Hippel Lindau for degradation®®.

Viral-cyclin (v-cyclin)

v-cyclin is a viral homologue of cellular cyclin D that deregulates cell cycle progression. v-
cyclin interacts with cyclin dependent kinase-6 (CDK®6) to mediate phosphorylation of target
proteins. v-cyclin-CDKG6 plays a role in maintaining viral latency through phosphorylation
of the histone chaperone, nucleophosmin (NPM1)100, which then interacts with LANA. v-
cyclin-CDK6 also mediates phosphorylation and subsequent downregulation of Rb101 and
inhibition of p27(Kip1)192, which contribute to blocking G1 cell cycle arrest.

Viral FLICE-inhibitory protein (vVFLIP)

VFLIP is a viral homologue of FLIP103, |t activates nuclear factor-xB (NF-xB) signaling by
binding to the inhibitor of IxB kinase-y1%4. /n vitro and mouse model experiments implicate
VFLIP in both endothelial derived spindle cell tumors19% and PEL106, Constitutive NF-xB
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activation by VFLIP leads to enhanced /RF4 gene transduction97 that may contribute to
PEL oncogenesis, as well as upregulation of antiapoptotic members of the Bcl-2 family196.
Interestingly, vVFLIP also suppresses autophagy, an important pro-oncogenic activity, by
preventing the autophagocytosis associated protein ATG3 from binding and processing
microtubule associated protein light chain 3108, vFLIP activation of NF-xB also leads to
transcriptional upregulation of NF-xB-responsive genes that are involved in inflammation
and immune responses%7, thereby playing an important role in modulating the tumor
microenvironment in KSHV-associated malignancies.

Kaposins are proteins encoded by the alternatively spliced ORF K12. Kaposin A is a latent
protein with transforming potential in rodent fibroblasts'%®. Kaposin B functions as adapter
protein in signal transduction by binding to MK2, a MAPK-associated protein kinase.
Kaposin B-mediated activation of MK2 blocks the decay of mRNAs with AU-rich elements
(ARES) in their 3" untranslated regions. Kaposin B stabilization of prospero homeobox 1,
PROX1 mRNA specifically may play an important role in tumorigenesis through lymphatic
reprogramming of KSHV-infected endothelial cells!10, Additionally, several cytokine
mRNAs have ARE elements, and kaposin B expression results in an increase in the
production of pro-inflammatory cytokines!!1. Like, vFLIP, kaposin A and kaposin B are
likely to contribute to the inflammatory microenvironment of KS.

Viral interferon response factor-3/ latency associated nuclear factor-2 (VIRF-3/LANA-2)

KSHYV encodes 4 viral interferon response factors (VIRF1-4), which are homologues of
cellular IRFs12, While VIRF1, 2 and 4 are generally considered lytic genes, VIRF3, also
known as LANA-2, is constitutively expressed in KSHV infected hematopoietic cells and
thus considered a latent genel13. However, it is not expressed in KS. There is evidence that
VIRF-3 is required for proliferation and survival of PEL cells /n vitro'4. Besides its effect
on proliferation, vIRF-3 also stabilizes HIF-1a and contributes to upregulation of vascular
endothelial growth factor (VEGF)115,

KSHV-encoded microRNAS

More recently, miRNAs derived from 12 precursor miRNAs (pre-miRNAS) were identified
in the latency locus of the KSHV genomel16, miRNA are approximately 22-nucleotide
single stranded RNAs that inhibit the translation of mMRNAs. Recent studies indicate they
contribute to KSHV induced growth transformation by targeting cellular genes, including
regulatory members of the NF-xB pathway!17. Additionally these miRNAs are thought to
influence endothelial cell differentiation and angiogenesis. At least four KSHV miRNAs,
including an orthologue of cellular miR-155, target the cellular oncogene MAF to induce
reprogramming of lymphatic endothelial cells!16, Other activities of distinct KSHV miRNAs
include targeting of TWEAKR, IRAK1, and MYD88, resulting in downregulation of 1L-8
and other inflammatory cytokines, and upregulation of HIF-1a118 119, as well as targeting
of C/EBP leading to upregulation of 1L-10120,
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Select KSHV-genes expressed during lytic induction

During lytic infection, KSHV expresses a number of Iytic proteins that enable viral
replication and production of infectious progeny; this process eventually leads to cell death.
Additionally, various KSHV lytic genes can have effects on the host cell, resulting in
reprogramming of cellular metabolism, upregulation of survival pathways, stimulation of
angiogenesis and inflammation, and escape of immune control. In tumors caused by
Epstein-Barr virus (EBV), latent genes are considered most important for tumor
development. However, in the case of KSHV, there is evidence that some lytic genes also
play key roles in oncogenesis. Select KSHV-encoded lytic genes are discussed below.

Viral interferon response factors (VIRFs)

As noted, KSHV encodes for 4 VIRFs; VIRF-3 has been previously mentioned. The
expression of the other VIRFs is low during latency but is induced during lytic

infection113. 121 Major functions of vIRFs are modulation of interferon signaling, immune
evasion through downregulation of MHC-1 and MHC-11122. 123 and inhibition of activation-
induced death signaling?24. However vIRFs may also play a role in oncogenesis, in part
through their effects on immune evasion and downregulation of p53113,

Viral G-protein coupled receptor (vGPCR)

KSHV ORF74 encodes a constitutively active transmembrane viral G-protein coupled
receptor (VGPCR) that is a homologue of the 1L-8 receptor, CXCRL. It is expressed at early
phases during lytic replication!2> and confers important tumorigenic properties. Transgenic
expression of VGPCR results in angioproliferative tumors resembling KS in micel26,
suggesting that it may have a key role in KS pathogenesis. VGPCR induces the activation of
MAPKSs, PI3K/AKT and NF-xB anti-apoptosis pathways resulting in endothelial cell
survival and proliferation!2’. 128, yGPCR has a prominent role in the angiogenic switch in
infected cells. vGPCR activates secretion of VEGF128. 129 yia MAPK phosphorylation of
HIF-1a.12% and through activation of the PI3K-AKT-mTORC1 pathway, making mTOR a
potential therapeutic target in KS139, Moreover, vVGPCR activates other pro-angiogenic and
inflammatory cytokines3L. Through paracrine interactions with other growth factors and by
directly triggering the PI3K-AKT pathway, vVGPCR in concert with other lytic proteins K1,
and ORF45 can activate mTORC1130, which has important effects on protein synthesis,
suppression of autophagy, and regulation of cellular metabolism that facilitate proliferation
of tumor cells.

Viral interleukin-6 (vIL-6)

KSHYV encoded vIL-6 is expressed at low levels during latency, and is upregulated during
Iytic activation9: 132, Unlike its cellular IL-6 homologue, whose signaling requires binding
of both gp80 (IL-6Ra) and gp130, vIL-6 binding and signaling occurs through gp130
alonel33, In a xenographic mouse model, vIL-6 leads to a phenotype similar to that seen in
MCD134, vIL-6 can be detected in serum of patients with KSHV-MCD and KICS135. 136 35
well in pleural effusions in patients with PEL137. Much of vIL-6 activity occurs through
binding gp130 intracellularly in the endoplasmic reticulum compartment38; however vIL-6
also appears to play an important role in the pathogenesis of MCD and other KSHV tumors
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through additional autocrine and paracrine mechanisms34: 139, vIL-6 collaborates with
human IL-6 for full expression of a MCD phenotype in micel4?, although some cases of
symptomatic KSHV-MCD in humans have elevated vIL-6 but normal human IL-6 serum
levels!38, vIL-6 along with other viral-encoded factors such as vMIP-I, vMIP-I1, and vMIP-
[ have proangiogenic properties in several experimental systems83: 134,

Clinical characteristics and management of KSHV-associated malignancies

and related conditions

Kaposi Sarcoma

KS lesions typically involve the skin or mucosal surfaces. They are purplish, reddish blue or
dark brown/black macules, plagues, and nodules that may bleed and ulcerate easily. With
extensive spread, KS lesions may become cosmetically disfiguring and associated with
lymphedema, pain, and secondary infection (Figure 1). Age of presentation varies between
epidemiologic subtypes of KS, with AIDS and transplantation-related KS more commonly
affecting younger patients. Besides age at presentation, other clinical differences exist.
Outside the setting of immune suppression, KS usually occurs in the lower extremities, and
may have a more indolent course. Post-transplantation KS and AlDS-associated KS may be
more diffuse in presentation, often involving the face or trunk or lymph nodes4?, oral
mucosa, and visceral organs. Visceral disease sometimes occurs in the absence of skin
lesions. Besides lung and gastrointestinal (G1) involvement, KS has been observed in the
liver, pancreas, heart, testes, bone marrow, bone, and skeletal muscle. In HIV-infected
children, severe KS, often involving lymph nodes has been described42. Similar
presentations occasionally occur in adults with HIV or transplant-related
immunosuppression.

Biopsy is required for definitive diagnosis. Characteristic angioproliferative histologic
features include a variable combination of spindle-shaped cells, aberrant proliferation of
leaky blood vessels with extravasated erythrocytes, and inflammatory infiltrates.
Immunohistochemical staining of biopsy specimens is generally performed to confirm
diagnosis by detection of KSHV LANA within the spindle cells. KS spindle cells are
proliferating KSHV-infected endothelial cells that have undergone reprogramming and
differentiation143. Immunohistochemistry studies to demonstrate panendothelial cell markers
such as CD31, CD34, and Factor V111, as well as markers of lymphatic endothelial cells,
such as lymphatic vessel endothelial receptor 1144 are sometimes useful to support a
diagnosis of KS. The leukocyte infiltrates often predominantly involve CD3+ T-cells and
CD68+ macrophages'4®. Regressed lesions frequently lack spindle cells, but in partially
regressed cases may have some residual spindle cells. More often, regressed lesions have
residual perivascular lymphocytes and hemosiderin-laden macrophages that may be
responsible for a residual darkening of the skin in the absence of tumor cells146.

In evaluating patients with KS, the extent of cutaneous disease should be documented, as
well as any tumor associated phenomenon such as edema, pain or ulceration. Complete
physical exam should include evaluation of the oral palate and rectal exam with evaluation
of fecal occult blood. Evaluation for visceral disease is reserved for patients with symptoms,
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adenopathy, occult blood in the stool, or unexplained iron deficiency anemia. Patients with
respiratory symptoms require chest imaging and bronchoscopy, while those with
unexplained gastrointestinal symptoms, iron deficiency or fecal occult blood require Gl
endoscopic evaluation (Figure 1). Patients with adenopathy or B-symptoms should undergo
computerized tomography (CT) imaging of the neck, chest, abdomen and pelvis to evaluate
for concurrent KSHV-associated lymphoproliferative disorders.

AlDS-associated KS is usually staged according to the classification developed by the AIDS
Clinical Trials Group (ACTG) Oncology Committeel4’: 148 As KS is of viral etiology,
tumor, node, metastasis (TNM) staging as used in other sarcomas is not appropriate. The
ACTG TIS staging system risk-stratifies patients (low risk subscript 0, high risk subscript 1)
based on tumor burden (Tg or 1), immune status (lg or 1), and presence of any systemic illness
(Sg or 1)- For tumor burden (T), poor risk (T4) is defined by the presence of extensive
cutaneous or oral disease, tumor-associated edema, ulceration or visceral disease; for
immune status, poor risk (17) is defined by CD4+ <150 cells/mms3 (I1); and for systemic
illness, poor risk (S7) is defined by the presence of other opportunistic infections,
constitutional symptoms, or poor performance status. The ACTG staging system was
developed and initially validated in the pre-cART era. In the CART era, baseline CD4+ count
appears relatively less important, with a cut-off of 100 cells/mm3 a significant predictor of
death in some studies'*? but not others1%9, and it has been proposed that patients can largely
be dichotomized into two main risk categories: good risk (T¢Sg, T1Sg, or TgS1) and poor risk
(T1S)0.

Despite improvements in overall survival, in the CART era, patients with AlDS-associated
KS have an increased risk of death, especially in the first year after starting cART, compared
to other HIV-infected patients, even after correcting for CD4+ counts!®L, HIV-infected
patients starting CART occasionally demonstrate new KS or KS progression, and an immune
reconstitution inflammatory syndrome (IRIS) has been proposed that may contribute to
morbidity and mortalityl4°. Additionally, in AlDS-associated KS, several studies have
demonstrated that women and patients with pulmonary disease have a worse

prognosis4?: 150 There is no validated staging system for KS in other epidemiologic
groups. Nonetheless, the approach to the initial evaluation for extent of KS should be
similar.

For patients with KS associated with AIDS or other immunodeficiency, correcting the
immunodeficiency should be done when possible. Effective control of HIV viremia with
CART is imperative in patients with AIDS-KS and in patients with limited KS, is often
sufficient!52. While there is some pre-clinical evidence that HIV protease inhibitors have
specific anti-KS activity, most studies indicate that prevention or control of KS is related to
the degree of control of HIV, rather than the specific CART regimen utilized153 Additional
studies, however, will be needed to clarify this issue. In renal transplant patients on
cyclosporine-based immunosuppression, switching to the mTOR inhibitor, sirolimus, has
been associated with tumor regression>4. Steroids can exacerbate KS in both HIV and
transplantation patients, and their use should be minimized or avoided when possible.
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The goal of KS specific therapy in all patients with KS is symptom palliation and improved
quality of life. In patients with limited KS and either no immune dysfunction or those on
CART or appropriate post-transplant therapy, observation is reasonable. Indications to
administer specific KS therapy include cutaneous disease that is rapidly progressive, bulky,
causing pain or lymphedema, impairing function, or causing psychological distress. Visceral
disease generally requires KS specific therapy, occasionally urgently in the setting of severe
pulmonary KS. Although KSHYV infection cannot be eradicated, long-term remissions are
possible, especially in patients whose immune system can be modulated by cART or, for
transplant patients, a change in immunosuppression. For other patients chronic intermittent
therapy may be needed, and limiting cumulative toxicities is important. Information on the
effectiveness of treatments of KS is largely from either prospective studies in patients with
AlDS-associated KS (Table 1)149.155-166 o retrospective series.

Localized, symptomatic lesions are sometimes treated using local approaches, such as
intralesional injection of low dose vinblastine (0.1mL of 0.1mg/mL), liquid nitrogen, laser
therapy, localized radiotherapy or surgical resection. Topical 9-c/s-retinoic acid (Panretin
gel) is approved by the FDA for KS, and is associated with up to a 45% response in treated
lesions. However, all of these approaches only treat limited areas of disease and have
toxicities that often limit their utility. Surgical intervention is rarely indicated, except to
make a pathological diagnosis or to remove or debulk a single lesion that is dangerous or
particularly symptomatic by virtue of its location, (e.g. urethral or airway obstruction).
Systemic therapies are often required for patients with symptomatic relatively localized
disease, especially in those for whom additional immune modulation is not anticipated to
further control KS.

In patients with KS requiring systemic therapy, pegylated liposomal doxorubicin (Doxil ™)
or liposomal daunorubicin are usually the first-line choice where available. In randomized
multicenter trials in patients with AlDS-associated KS, each of these agents was as effective
as or superior to the previously utilized conventional combination chemotherapy (bleomycin
and vincristine with or without doxorubicin) in terms of response rates, and had a better
toxicity profilel® 157, Liposomal doxorubicin 20 mg/m? every 3 weeks is considered by
many physicians to be the first-line therapy for patients with KS requiring chemotherapy. In
the cCART era, response rates in AlDS-associated KS range from 45 to 85% depending on
the extent of disease and immune status of the baseline population. While risk of cardiac
toxicity from liposomal anthracyclines is substantially less than that from bolus non-
liposomal anthracyclines, the FDA warns against cumulative lifetime doses exceeding 550
mg/m2, and cardiac monitoring is required for patients approaching or exceeding this value.
Palmar-plantar erythrodysesthesia or cumulative bone marrow toxicity may also limit the
use of liposomal doxorubicin.

Paclitaxel, a microtubule stabilizing agent with anti-angiogenic properties, is FDA approved
as second-line treatment for KS167. 168 ‘and may be an alternative first-line treatment, though
it is generally less well tolerated than liposomal doxorubicinl6l, Response rates range from
59%-71% in phase |1 studies. Paclitaxel 100 mg/m? every two weeks is a common dosing
schedule. Adverse events include neuropathies, cytopenias, and alopecia. Other agents with
activity in KS include vincristine, vinblastine, vinorelbine6, bleomycin and etoposidel64,
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Oral etoposide 50 mg/day on days 1 through 7 of a 14-day cycle has an overall response rate
of 36% in previously treated patients'®4, and this approach may be useful in resource-limited
settings, although the risk of secondary myeloid leukemia is a concern with long-term
administration.

Because of the cumulative toxicities of existing therapies together with the frequent need for
periodic retreatment of KS, improved and less toxic therapies are needed. Various targeted
and immunomodulatory approaches have been evaluated in KS. The best-studied agent,
interferon-a (IFN-a), is a cytokine with immune modulatory, anti-viral, and anti-angiogenic
activity. In HIV-associated KS, it is best utilized for patients with limited disease and
preserved CD4+ counts169, Systemic side effects including constitutional symptoms,
cytopenias, mood disturbances including major depression, and hypothyroidism are common
and may be severe. Most practitioners begin with IFN-a 1 to 5 x 108 units subcutaneous
injection daily and gradually increase the dose as tolerated. IFN-a should be used in
combination with cART in AlDS-associated KS169, Subcutaneous interleukin-12, a cytokine
that enhances type | immunity, has anti-angiogenic effects, and downregulates vVGPCR, was
found to have a 71% overall response rate in AlDS-associated KS. The side effect profile
was similar to that of IFN-a.. Thalidomide is a small molecule immunomodulatory agent
that also has direct anti-tumor and anti-angiogenic effects and was shown to have a 35-47%
overall response rate, but it can be associated with neurologic side effects10: 171, Second
and third generation immunomodulatory derivatives (IMiDs) of thalidomide, lenalidomide
(NCT01057121) and pomalidomide (NCT01495598), are currently being evaluated for the
treatment of KS. Interestingly, IMiD activity is mediated at least in part through binding to
cereblon, a protein that is part of E3 ubiquitin ligase. The mTOR inhibitor, sirolimus, which
targeting downstream effectors of the vVGPCR appears particularly useful in transplant
associated KS, but is less useful in AIDS-associated KS, and may have many drug-drug
interactions with common anti-retroviral agents154 172,

Several approaches targeting angiogenesis and the tumor microenvironment have been
evaluated prospectively in the therapy of AlDS-associated KS. Matrix metalloproteinases
(MMP) are highly expressed in KS lesions and may contribute to angiogenesis via
degradation of extracellular matrix. A Phase Il study of the MMP inhibitor COL-3
demonstrated a 41% overall response ratel”3. Activation of the c-kit and platelet-derived
growth factor receptor (PDGFR) signaling is implicated in the induction of angiogenesis and
growth of KS cells. Imatinib, a partially selective blocker of c-kit and PDGFR, induced
partial response in one third of AlDS-associated KS patients when given for up to 52 weeks
in a multicenter phase Il study by AIDS Malignancy Consortium74. In a phase 11 study, the
monoclonal anti-VEGF antibody, bevacizumab had an overall response rate of 31%%75, and
evaluation of sorafenib, a tyrosine kinase inhibitor with activity against several VEGF
receptors as well as PDGFR is underway (NCT00287495). Angiogenesis inhibitors may
have a role in combination therapy, and the combination of bevacizumab with liposomal
doxorubicin is being evaluated (NCT00923936).

Several antiviral agents including ganciclovir, foscarnet, and cidofovir have been shown to
inhibit KSHYV replication /n vitrot’8, and ganciclovir when used to treat CMV retinitis
lowered the risk of KS in patients with AIDS in a study conducted in the pre-cART eral’’.
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However, anti-herpetic agents have not been shown to have activity in treating established
KS. Further studies of antiviral agents may be warranted in select patients with KSHV-
associated malignancies (see KSHV-MCD and KICS).

KSHV-associated multicentric Castleman disease (KSHV-MCD)

KSHV is the etiologic agent of a plasmablastic form of MCD that is most common in the
setting of HIV but can also arise in transplant recipients and in other HIV-negative patients.
Unlike KS, KSHV-MCD appears to be becoming more frequent with the widespread use of
CART80, KSHV-associated MCD has some clinical overlap with an 1L-6-related spectrum of
diseases known as idiopathic (KSHV-negative) MCD. Despite high KSHV and HIV
seroprevalence in some parts of Africa, KSHV-MCD has rarely been reported. Our group
has seen a number of cases in African immigrants®l, and it is possible that KSHV-MCD is
relatively common, but underdiagnosed and underreported in Africa.

Clinically, KSHV-MCD is dominated by intermittent flares of inflammatory symptoms,
including fevers, night sweats, fatigue, and cachexia, and edema, together with
lymphadenopathy and/or hepatosplenomegalyl’. Non-specific respiratory and Gl
symptoms are also common. Pulmonary symptoms often include cough or dyspnea. Rashes
after administration of drugs such as trimethoprim-sulfamethoxazole are commonly reported
in patients with symptomatic KSHV-MCD. Patients may have waxing and waning course
with exacerbations and subsequent remissions. Symptom flares can at times be severe and
fatal. Without therapy, patients generally die from severe inflammatory syndromes,
multiorgan failure, or concurrent infections. Hemophagocytic syndromes have also been
described. Concomitant KS is present in up to 70% of individuals. Some patients with
KSHV-MCD progress to large B-cell lymphoma arising in KSHV-associated MCD
(previously described as “plasmablastic lymphoma”), which lacks EBV infection, or else
PEL.

KSHV-MCD symptoms are thought to be caused by an excess of certain cytokines,
especially human I1L-6, KSHV vIL-6, and human IL-10179, Several KSHV genes are
implicated in upregulating human IL-6, including vFLIP, vVGPCR and kaposin B through
activation of NF-kB180. 181 y||_-6 is believed to play an important role in pathogenesis of

KSHV-MCD, which may be independent or complimentary to that of human
|L-6106, 136, 182

Common laboratory abnormalities of KSHV-associated MCD include anemia, cytopenias,
hypoalbuminemia, hyponatremia, hypergammaglobinemia and elevated inflammatory
markers such as C-reactive protein (CRP)19. Flares are typically associated with high
KSHV viral loads!?® 183, A high index of suspicion is necessary, as the differential
diagnosis of fever and adenopathy, even with other laboratory abnormalities, in HIV infected
individuals is quite broad183,

The diagnosis of KSHV-MCD is based on a biopsy. Affected lymph nodes demonstrate
involuted germinal centers with vasculature hyperplasia and expansion of KSHV-infected
and reactive interfollicular plasmablasts, which are polyclonal but monotypic, expressing
IgM lamdba. Using immunohistochemical stains for LANA and vIL-6, KSHV-infected cells
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are found predominantly in the mantle zones and centers of the follicles but are also seen
scattered as single cells in the interfollicular areal®. The majority of the cells within
affected nodes however are reactive plasmacytoid B-lymphocytes, and only a portion of
KSHV-infected cells express KSHV vIL-6 and other lytic genes84. Concurrent microscopic
KS is often noted in the same lymph node with MCD85. In pathology cases suspicious for
lymphoma, IgH gene rearrangement studies for B cell clonality, EBV testing, and flow
cytometry should be performed on the lymph node or effusions (if present) to rule out a
clonal disorder (e.g. PEL)86,

There is no single consensus definition of KSHV-MCD flare or symptomatic activity. The
French ANRS (Agence Nationale de Recherche sur le SIDA) CastlemaB trial group and the
NCI have each described criteria to evaluate MCD flares that require therapy®® 186 based on
clinical symptoms and laboratory abnormalities. KSHV-viral load has at times been used to
assess symptomatic patients with KSHV-MCD187  although assays vary between groups and
elevated KSHYV viral load is not-specific for KSHV-MCD, and therefore should not be
performed in place of a biopsy. Patients with KSHV-MCD should undergo CT of the neck,
chest, abdomen, and pelvis to evaluate the degree of adenopathy and splenomegaly and to
assess other potential abnormalities. CT-imaging generally shows diffuse, symmetric
adenopathy and hepatosplenomegaly (Figure 2). 2Fluorodeoxyglucose positron emission
tomography is sometimes used to evaluate for concurrent lymphoma. Patients with effusions
should undergo pathologic evaluation for PEL. Patients with concurrent KS should be staged
as noted above.

There is no standard therapy for KSHV-MCD. HIV positive patients with KSHV-MCD are
generally treated with concurrent cART in addition to specific therapy88. The reduction in
HIV viral load and improvement in immune function associated with CART is expected to
result in better KS outcome and may decrease inflammatory triggers of KSHV-lytic
activation8”. Specific treatment directed at KSHV-MCD is generally reserved for
symptomatic patients. In critically ill patients, treatment may have to be instituted in the
setting of an intensive care unit.

Emerging evidence supports the use of rituximab, given alone or in conjunction with
chemotherapy. It is postulated that rituximab targets a small fraction of KSHV-infected
malignant cells exhibiting low-level expression of CD20, but a major mechanism of action
may be elimination of reactive B cells, thus depriving the KSHV-infected plasmablasts of
proliferation and survival signals by breaking virus and cytokine driven feedback loops with
the reactive B cells. Rituximab monotherapy 375 mg/m?2 weekly for 4 weeks has been
evaluated in two prospective studies”: 88189 |n both studies more than 90% patients had
sustained resolution of their MCD attack and one study reported two-year overall survival of
95% with one- and two-year relapse-free survivals of 92 and 79%, respectively. The
commonest side effect of rituximab is an infusion reaction during the first dose, which can
be managed by holding the infusion, and resuming at a slower rate after administration of
appropriate supportive care. A retrospective study showed significant decrease in the
incidence of NHL in patients who had been treated with rituximab (hazard ratio, 0.09; 95%
confidence interval, 0.01-0.70) compared with those who were not19,
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For patients with evidence of organ failure, poor performance status related to the disease, or
concurrent or worsening KS, the addition of concurrent chemotherapy is an important
consideration. Rituximab was associated with exacerbations of cutaneous KS in 35-67% of
patients in prospective studies. Rituximab 375 mg/m? in combination with liposomal
doxorubicin 20 mg/m? in patients with concurrent KSHV-MCD and Kaposi sarcoma or
severe KSHV-MCD is being evaluated prospectively (NCT00099073) and preliminary
results reveal that this combination is highly effective, even in heavily pretreated patients.

KSHV-targeted virus activated cytotoxic therapy using high dose zidovudine and
valganciclovir has also been evaluated in patients with symptomatic KSHV-MCD, based on
the rationale that KSHV-encoded ORF36 and ORF21 phosphorylate these agents to
triphosphate moieties that are toxic to cells!®1. Zidovudine 600 mg orally every 6 hours
combined with valganciclovir 900 mg orally every 12 hours generally administered days 1-7
of a 21-day cycle was associated with an 86% major clinical response rate using NCI
KSHV-MCD response criteria; however, median time to progression was 6 months192,

Human IL-6 is an important to the pathogenesis of MCD, and siltuximab, a chimeric anti
IL-6 monoclonal antibody, was approved by the FDA for treatment of KSHV-negative MCD.
However, because vIL-6 is antigenically different from human IL-6, a potential role for
siltuximab in the treatment of KSHV-MCD remains to be explored. We are currently
conducting a clinical study of tocilizumab, a humanized monoclonal antibody targeted at
anti-1L-6 receptor (gp80), in patients with symptomatic KSHV-MCD (NCT01441063).
While human IL-6 is elevated in KSHV-MCD and contributes to symptoms and disease
pathogenesis, given the additional role of vIL-6 and other KSHV genes, it is unknown
whether anti-human IL-6 therapy alone will be sufficient. For KSHV-MCD, therapies
targeting human IL-6 might optimally be combined with complementary pathogenesis-based
treatments such as high dose zidovudine combined with valganciclovir.

KSHYV Inflammatory Cytokine Syndrome (KICS)

Inflammatory symptoms similar to those in KSHV-MCD have been described in KSHV-
infected patients without KSHV-MCD3, As in KSHV-MCD, symptoms may include
fevers, cachexia and laboratory abnormalities including cytopenias, hypoalbuminemia, and
elevated CRP and elevated KSHV viral load. However, splenomegaly, and lymphadenopathy
do not appear to be prominent features, and KSHV-MCD should be excluded through
evaluation for adenopathy and biopsy of pathologically enlarged nodes if noted. This
syndrome has been provisionally named KSHV inflammatory cytokine syndrome (KICS)
and a working case definition that includes at least two characteristic clinical abnormalities,
elevated CRP, elevated KSHYV viral load, and exclusion of KSHV-MCD has been proposed.
Disturbances of vIL-6, human IL-6 and IL-10 similar to those seen in KSHV-MCD
contribute to KICS pathophysiology13®, although the source of vIL-6 is unknown at this
time. KICS may accompany KSHV-associated tumors (KS or PEL) or occur in their
absence.
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Primary effusion lymphoma (PEL)

PEL accounts for 1-4% of all AIDS-related lymphomas. PEL occurs primarily in HIV-
infected patients, but also may be seen following solid organ transplantation, in elderly
patients, and in chronic hepatitis C virus infection. Besides being KSHV infected, in 70-80%
of cases, the lymphoma cells have co-existing EBV infection®. Gene expression profiling has
shown that PEL cells, unlike other AIDS-related NHLs, are not of germinal center or
memory cell origin; rather, they more likely correspond to a post-germinal stage of B cell
development, intermediate between that of immunoblasts and plasma cells, with only
partially activated uncoupled protein responsel93. 194, Other human genes upregulated in
gene expression profiling include /RF4, VDR, VEGF, as well as integrins, which may be
involved in leukocyte extravasation. Gene amplification of the selectin-P ligand (SELPG),
also associated with cell migration, has also been described in some cases9.

PEL is classically characterized by lymphomatous effusions; pleural involvement is the most
common, seen in 60 to 90% of patients, followed by involvement of other body cavity
membranes, including peritoneal (30 to 60%), pericardial (up to 30%), joint spaces, and
rarely meninges!9: 197, An extracavitary variant of PEL has been recognized98, and indeed
PEL can involve the Gl tract, lung, central nervous system (CNS), skin, and lymph nodes!%.
PEL is often associated with other KSHV-associated malignancies, such as KS and KSHV-
MCD. Recent studies by our group have shown that PEL patients with no pathologic
evidence of KSHV-MCD generally have MCD-like symptoms and laboratory abnormalities
and meet criteria for KICS; essentially all PEL patients presented with inflammatory
symptoms, elevated CRP, hypoalbuminemia, and cytopenias. Severe KICS associated
laboratory abnormalities such as hypoalbuminemia and thrombocytopenia have been
associated with inferior survival in patients with PEL197,

Diagnosis of PEL requires the demonstration of KSHV in the neoplastic cells, which may
vary in morphology from anaplastic to large cells with immunoblastic or plasmablastic
features. EBV co-infection can be demonstrated through /n situ staining for EBV encoded
small RNAs. PEL cells have a characteristic phenotype highlighted by CD45, CD30, CD38,
CD138 and IRF4 co-expression. Classic B-cell markers (CD19, CD20) are often not seen,
however, clonal rearrangements of heavy and light chain immunoglobulin genes can be
demonstrated!96. 198 PEL can sometime have aberrant expression of T-cell markers (CD3,
CD7)199, although often these and other T-cell markers (CD2, CD4, CD5, and CD8) are also
not seen. Classic PEL should be differentiated from lymphomas complicated by effusions
(a.k.a. secondary lymphomatous effusion), which may mimic phenotypic clinical features of
PEL but are devoid of KSHV infection. Complex and recurrent cytogenetic abnormalities in
the tumor cells have been reported in PEL. Evaluation with chest radiographs and CT of
chest/abdomen/pelvis is required to document initial extent of disease. Lumbar puncture and
CNS imaging should be performed to evaluate for CNS involvement, and endoscopy should
be performed if clinically indicated based on symptoms. Bronchoscopy may be important to
exclude concurrent infections. Patients with concurrent KS should be evaluated as noted
above.

There is no standard therapy for PEL. The effectiveness of combination chemotherapy with
or without cCART in patients with PEL has been evaluated in uncontrolled retrospective
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series. Historically, median survival ranges between 3 to 9 months; with 2-year overall
survival rates of 33 to 39% in reported series employing CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) or CHOP-like regimens®’. Evaluation of
pathogenesis-based approaches for the treatment of PEL is urgently needed. Bortezomib, a
proteasome inhibitor that induces KSHV-lytic activation, has demonstrated activity in
preclinical studies and is being evaluated in combination with chemotherapy as second-line
therapy in patients with EBV and KSHV-associated lymphomas (NCT00598169). Other
targeted agents that have demonstrated activity in mouse models include the mTOR
inhibitor, sirolimus29, and the anti-CD30 immunotoxin, brentuximab vedotin?01, Although
PEL is a CD20-negative tumor, advances in the understanding the biology of KSHV-
infection of B-cells18 in relation to the pathobiology of IL-6 syndromes, and frequent
clinical overlap with KSHV-MCD support a role for use of rituximab in the treatment of
PEL, especially in patients with concurrent KSHV-MCD. Clinical experience using novel
approaches is scant and clinical trials will be critical to advance the field and improve
outcomes for patients with PEL.

CONCLUSIONS

KSHV-associated malignancies continue to cause substantial morbidity and increased
mortality in HIV-infected and transplant patients, as well as some non-immunosuppressed
patients in areas of the world with high KSHV seroprevalence. Improved therapies for KS
are needed, both for the developed world and for resource-limited regions where infusional
therapy is often challenging to administer. KSHV-associated lymphoproliferative disorders
are increasingly recognized, but likely remain under diagnosed in sub-Saharan Africa. The
heterogeneity of KSHV-associated malignancies likely reflects the interplay of various
pathophysiologic mechanisms including chronic antigenic stimulation, immunosuppression,
genetic abnormalities, cytokine release and dysregulation, and co-infection with HIV.
Increased recognition that inflammatory manifestations of KSHV-associated malignancies
such as KSHV-MCD, KICS and KS-IRIS can be associated with a high mortality, especially
in the setting of HIV, is leading to more comprehensive initial evaluation of such patients,
and can be expected to lead to new diagnostic and therapeutic approaches. An improved
understanding of KSHV-mediated oncogenesis is providing exciting opportunities for
development of targeted and immune-modulatory treatment approaches in each of the major
KSHV-associated malignancies that employ small molecules or monoclonal antibodies.
Effective oral agents that can be used in resource-limited settings are urgently needed.
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Figure 1.
Kaposi sarcoma A) Multiple confluent violaceous papules on both lower extremities with

tumor associated edema B) Nodular lesions on the hard palate C) Multiple oval, violaceous
plagques on the upper extremities and trunk D) An ulcerated hyperkeratotic plaque with
ulceration on the sole of the foot E) Esophagogastroduodenoscopy showing discrete, raised,
violaceous plaques in the body of stomach F) Axial computerized tomography of chest
shows diffuse peribronchovascular thickening, multiple nodules, and pleural effusion
bilaterally; evaluation of the pleural fluid demonstrated an exudative, non-chylous effusion
with no evidence of primary effusion lymphoma
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Figure 2.
Computerized tomography (CT) in KSHV-associated multicentric Castleman disease A)

Coronal reformatted image from a contrast-enhanced CT scan of abdomen shows massive
hepatosplenomegaly (upper limit of normal for spleen length = 12 cm) B) Coronal
reformatted image from CT of the neck shows multiple enlarged bilateral cervical and
supraclavicular lymph nodes
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