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Purpose of review

This review discusses the pathogenesis and recent advances in the management of Kaposi sarcoma

herpesvirus (KSHV)-associated diseases.

Recent findings

KSHV, a gammaherpesvirus, causes several tumors and related diseases, including Kaposi sarcoma, a form
of multicentric Castleman disease (KSHV-MCD), and primary effusion lymphoma. These most often develop
in patients infected with human immunodeficiency virus (HIV). KSHV inflammatory cytokine syndrome
(KICS) is a newly described syndrome with high mortality that has inflammatory symptoms-like MCD but not
the pathologic lymph node findings. KSHV-associated diseases are often associated with dysregulated
human interleukin-6, and KSHV encodes a viral interleukin-6, both of which contribute to disease
pathogenesis. Treatment of HIV is important in HIV-infected patients. Strategies to prevent KSHV infection
may reduce the incidence of these tumors. Pomalidomide, an immunomodulatory agent, has activity in
Kaposi sarcoma. Rituximab is active in KSHV-MCD but can cause Kaposi sarcoma exacerbation; rituximab
plus liposomal doxorubicin is useful to treat KSHV-MCD patients with concurrent Kaposi sarcoma.

Summary

KSHV is the etiological agents of all forms of Kaposi sarcoma and several other diseases. Strategies
employing immunomodulatory agents, cytokine inhibition, and targeting of KSHV-infected cells are areas of

active research.
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INTRODUCTION

Kaposi sarcoma herpesvirus (KSHV), a gammaher-
pesvirus, was discovered in 1994 by Chang et al.
[1*], as the causative agent of AIDS-associated
Kaposi sarcoma. It is also called human herpesvi-
rus-8 (HHV-8). KSHV has been implicated as the
etiologic agent of all forms of Kaposi sarcoma and
several other diseases, including multicentric
Castleman disease (MCD), primary effusion lym-
phoma (PEL) and a newly described syndrome,
KSHV inflammatory cytokine syndrome (KICS)
[2°-4"]. KSHV is a necessary but insufficient
etiological agent for these diseases.

KAPOSI SARCOMA HERPESVIRUS LIFE
CYCLE

KSHYV is a double-stranded DNA gammaherpesvirus.
After infection, the genome is maintained as an
episome in the host cell nucleus. KSHV can infect
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a variety of cells including endothelial cells, B-cells,
and monocytes. Figure 1 depicts the circularized
KSHV genome. Upon infection of a cell, KSHV
establishes latency, wherein only a few genes are
expressed. Most reside in a cluster in the latency
locus, and include ORFK12 (kaposins), ORF71
(VELIP), ORF72 (vCyclin), ORF73 (latency-associated
nuclear antigen, LANA), and various viral micro-
RNAs (miRNAs). These help to maintain the viral
episome, deter host immune responses, and
promote survival and proliferation of infected cells
(5,6,7%,8™.
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Prevention and care strategies

KEY POINTS

o KSHV-associated diseases include Kaposi sarcoma,
KSHV-MCD, PEL, and KICS.

e KICS is a newly described high-mortality syndrome of
KSHV-infected patients.

e There are few FDA-approved therapies to treat KSHV-
associated diseases.

o KSHV-associated diseases are an important cause of
morbidity and mortality in HIV patients.

Certain physiological signals cause the virus to
enter the lytic phase, wherein all viral genes are
expressed, progeny virions are produced and
released, and the infected cell dies. The switch from
latency to lytic replication is set in motion by ORF50
(replication and transcription activator protein,
RTA). In addition to physiologic stressors such as
hypoxia, various chemicals (sodium butyrate and
valproic acid) can induce the lytic cycle [9].

Additional genes may be expressed in a more selective
manner in otherwise latently infected cells and these
are partially dependent on the specific cell type
[10%,11,12]. Latent infection is observed in the
majority of tumor cells in Kaposi sarcoma lesions.
However, around 1% of infected cells in Kaposi sar-
coma express lytic genes, whereas a higher percent-
age express lytic genesin PEL and even more in MCD.

KAPOSI SARCOMA HERPESVIRUS
TRANSMISSION

Kaposi sarcoma prevalence and new infections
remain high in men who have sex with men
(MSM) in the USA. KSHV is secreted in saliva, and
there is evidence that common modes of trans-
mission in MSM are through oral-anal contact,
oral-penile contact, or use of saliva as a lubricant
[13-17]; thus education regarding these practices
may be useful in reducing its spread in this popu-
lation. In Sub-Saharan Africa (SSA), transmission
often occurs during childhood, and may be in part
through food premastication [18""].
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FIGURE 1. Kaposi sarcoma herpesvirus genome. The circular KSHV episome is shown with protein-encoding genes.
Noncoding RNAs are not shown. KSHV, Kaposi sarcoma herpesvirus; ORF, open reading frame; LANA, latency-associated
nuclear antigen; VIRF, viral interferon regulatory factor. Gene names starting with ‘K’ are unique to KSHV.
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PATHOGENESIS OF KAPOSI SARCOMA
HERPESVIRUS-ASSOCIATED
MALIGNANCIES

KSHV has evolved strategies to evade innate and
specific immunity, induce proliferation, and pre-
vent apoptosis of infected cells. These strategies
can promote oncogenesis. KSHV also has pleotropic
effects on cell signaling that contribute to onco-
genesis and angiogenesis, a hallmark of Kaposi sar-
coma. For example, the KSHV protein vFLIP
stimulates activation of NF-kB and is implicated in
Kaposi sarcoma, KSHV-MCD, and PEL [19,20,21"].
Various KSHV proteins promote activation of the
AKT and mechanistic target of rapamycin (mTOR)
pathways, which promote survival and growth and
are upregulated in many cancers [12,22-24]. Impor-
tantly, sirolimus, an inhibitor of mTOR, can treat
Kaposi sarcoma in transplant patients [25,26].
Expression of latent viral proteins is necessary for
survival of PEL cell lines, and repression of specific
KSHYV latent genes can induce apoptosis [6,27]. Also,
KSHV-encoded miRNAs can increase B-cell prolifer-
ation in an animal model and promote survival of
infected cells [28-31]. p53 is wild-type in KSHV-
infected cells; however, LANA can inhibit p53
activity [32]. Activation of p53 induces apoptosis
in KSHV-infected cells, suggesting that repression of
pS3 is important for survival of these cells [33].
Human interleukin-6 (hIL-6) is up regulated upon
KSHYV infection; this is mediated by several KSHV
genes, such as vFLIP, kaposin B, and a KSHV G-
protein-coupled receptor [encoded by open reading
frame 74 (ORF74)] [34]. Also, KSHV encodes a homo-
log of hIL-6, viral IL-6 (vIL-6). It is believed that
increased IL-6 expression benefits KSHV infection in
part by inducing proliferation of B lymphocytes
[35,36]. Additionally, vIL-6 signaling can lead to
increased vascular endothelial growth factor expres-
sion to stimulate angiogenesis [37]. In contrast
to other oncogenic viruses, there is evidence that
certain lytic KSHV genes are important in oncogen-
esis. In particular, several studies have shown that
vGPCR (ORF74) is important in the pathogenesis of
Kaposi sarcoma [38].

KAPOSI SARCOMA

Kaposi sarcoma is the most common KSHV-associ-
ated tumor. There are four major epidemiologic
subtypes: classic; iatrogenic or transplant-associ-
ated; endemic or African; and AIDS-related or epi-
demic. Kaposi sarcoma was first described in elderly
men in Mediterranean or Eastern European regions
and this form is called ‘classic’ Kaposi sarcoma. Later
on, a high incidence of Kaposi sarcoma in SSA
was described [39]. In 1970s, association of Kaposi
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sarcoma with immunosuppressive therapies such as
steroids and cyclosporin was reported, providing
initial evidence that immunosuppression is an
important cofactor [40]. In 1981, the development
of Kaposi sarcoma in young gay men was one of the
harbingers of the AIDS epidemic. MSM have a much
higher incidence than other HIV-risk groups,
suggesting that another etiologic agent was causal;
in 1994, KSHV was identified as the etiologic agent.
The prevalence of KSHV parallels the incidence of
Kaposi sarcoma in various populations. In AIDS, alow
CD4" count, lack of KSHV T-cell immunity, and HIV
viremia are associated with the highest Kaposi sar-
coma risk [41-43]. In the combination antiretroviral
therapy (ART) era, Kaposi sarcoma incidence
decreased by approximately 80%, but has since stabil-
ized [44]. Kaposi sarcoma incidence in HIV patients
remains substantially greater than the general popu-
lation, even in those on ART with controlled HIV
viremia and relatively preserved CD4" counts. The
number of HIV-infected personsin the USAisincreas-
ing and ageing, and it is possible that this may lead to
an increase in the incidence of AIDS Kaposi sarcoma.
The incidence of Kaposi sarcoma is particularly high
in SSA because of the high prevalence of both HIV and
KSHYV infection; in some SSA countries, Kaposi sar-
coma is the most common tumor in men [45].

The most common presentation of Kaposi sar-
coma is multifocal cutaneous macules or nodules
commonly involving the lower extremities. Edema,
ulceration, bleeding, pain, and secondary infection
may cause significant morbidity, and patients often
have psychological distress from visible stigmata of
AIDS. Nodal, lung, gastrointestinal, bones, and ot-
her visceral Kaposi sarcoma may occur. Diagnosis is
established with a biopsy showing KSHV-infected
spindle cells. Staging requires evaluation of the skin
and oral mucosa, whereas evaluation for visceral
disease is generally limited to a chest X-ray and stool
occult blood test, with additional evaluations
prompted by symptoms or abnormal initial tests.
Kaposi sarcoma patients were initially staged follow-
ing the AIDS Clinical Trials Group (ACTG) Oncology
Committee criteria, where T stands for tumor bur-
den (Tg or Ty), I for immune status (I or I;) and S for
systemic illness (Sp or S;) [46]. Subscripts O and 1
denote good risk and poor risk, respectively. Criteria
for poor-risk parameters are as follows: T; includes
tumors with tumor-associated edema or ulceration,
extensive oral or gastrointestinal Kaposi sarcoma,
and Kaposi sarcoma in other nonnodal viscera; Iy
includes CD4" cell less than 150/uL; and S; includes
history of opportunistic infections and/or thrush, B
symptoms, Karnofsky performance status less than
70, or other HIV-related illnesses. In patients
receiving ART, CD4" cell counts are less important
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prognostically, and the ACTG classification has
been modified, with T,S; patients considered poor
risk and all others (T¢So; T1So, or ToS1) good risk [47].
Nonetheless, in patients with T; Kaposi sarcoma,
advanced immunosuppression, as measured by CD4
count less than 100/pL, remains an important pre-
dictor of death in some regions [48].

The natural history of Kaposi sarcoma varies.
Kaposi sarcoma may worsen or improve spon-
taneously, often in tandem with changes in under-
lying immune function. Some patients have an
indolent pattern whereas others present with aggres-
sive growth. Patients with rapidly progressive Kaposi
sarcoma should be evaluated for concurrent KSHV-
MCD, PEL, or KICS (see below). There is no evidence
that Kaposi sarcoma can be ‘cured’, although long-
term remissions without continued specific therapy
are possible. Initial Kaposi sarcoma treatment should
be aimed at correcting the underlying immunodefi-
ciency when present. In HIV patients, this includes
ART. In transplant-related Kaposi sarcoma, replacing
cyclosporine with sirolimus may lead to disease
remission [26]. If Kaposi sarcoma is indolent and
not affecting quality of life, patients may be followed
with a ‘watch and wait’ approach. Criteria for
systemic treatment, that s, treatment over and above
improving immune status, include Kaposi sarcoma-
related symptoms, rapidly growing Kaposi sarcoma,
or psychological distress from cosmetic disfigure-
ment or stigmatization [47]. Localized treatment is
generally avoided, because of its systemic nature and
local toxicities. Table 1 summarizes the main
systemic treatment options [49-56"57%,58-60%61,
62%,63-65,66"",67]. For patients requiring systemic
treatment, most physicians now use Food and Drug
Administration (FDA)-approved liposomal anthracy-
clines as initial therapy [49-53]. Paclitaxel is
approved by the FDA for patients who fail or do
not tolerate this initial approach [54,55]. Patients
with Kaposi sarcoma often require treatment for
many years, and current therapies are limited by
toxicity or the risk of cumulative anthracycline car-
diotoxicity. Effective and less toxic approaches are
thus an unmet need. In addition, it will be important
to develop effective oral agents for resource-limited
settings. Pomalidomide has recently been shown to
have promising activity in a Phase I/II trial [56].

MULTICENTRIC CASTLEMAN DISEASE

KSHV-associated MCD is a B-cell lymphoprolifera-
tive disorder most common arising in HIV-infected
patients. It appears to be more common in the ART
era [68]. It is rarely reported in SSA, but this is likely
because of substantial under-diagnosis. KSHV-MCD
presents with intermittent inflammatory symptoms
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such as fever, night sweats, weight loss, fatigue, and
nonspecific respiratory and gastrointestinal symp-
toms, along with hepatosplenomegaly, lymphaden-
opathy and edema. KSHV viral load is elevated
during symptomatic flares, and decreases with dis-
ease treatment and remission [69]. Laboratory
abnormalities include elevated C-reactive protein,
hypoalbuminemia, anemia, thrombocytopenia,
hyponatremia, and elevated immunoglobulins
[69,70]. There is no consensus definition of a
KSHV-MCD flare; different groups use combinations
of the symptoms and laboratory abnormalities
[71,72]. KSHV-MCD-associated symptoms are
believed to be caused by an excess of cytokines,
especially vIL-6, hIL-6, and hIL-10 [69,73]. Patients
with flares can have increased serum levels of vIL-6,
hIL-6, or both [73]. There is evidence that vIL-6 can
activate hIL-6, and may be the most important
driving force [74].

KSHV-MCD diagnosis generally requires an exci-
sional lymph node biopsy showing expansion of
reactive plasma cells interspersed with KSHV-
infected plasmablasts, as well as hyalinization of
lymphoid follicles and increased capillary prolifer-
ation. A substantial subset express vIL-6, and a
smaller subset also express other KSHV lytic anti-
gens. Maturing B-cells have high levels of X-box
binding protein 1 (XBP-1), and there is an evidence
that this can contribute to KSHV-MCD pathogenesis
by inducing KSHV lytic activation and directly
inducing expression of vIL-6 [10%].

KSHV-MCD can wax and wane, but untreated, is
generally fatal within 2 years. There is no FDA-
approved treatment. ART is indicated in HIV-associ-
ated KSHV-MCD but is generally insufficient. Con-
trol of HIV viremia, however, may reduce the
likelihood of recurrence [75]. Treatment with ritux-
imab or the combination of rituximab and liposo-
mal doxorubicin often leads to clinical remission;
prolonged remissions are observed, and this therapy
can improve survival [71,76",77,78"]. Patients may
present with concurrent Kaposi sarcoma, and ritux-
imab alone can cause Kaposi sarcoma exacerbation;
rituximab plus liposomal doxorubicin can be
particularly useful in such patients [76%]. High-dose
zidovudine in combination with valganciclovir tar-
gets KSHV-infected cells expressing lytic proteins,
and has demonstrated activity in KSHV-MCD,
although remissions appear more common with
rituximab [79]. Table 2 summarizes the evidence
for selected therapeutic options for KSHV-MCD.

PRIMARY EFFUSION LYMPHOMA

PEL is a KSHV-associated aggressive mature mono-
clonal B-cell lymphoma with a poor outcome [80].

Volume 12 e Number 1 e January 2017

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Kaposi sarcoma herpesvirus-associated diseases Goncalves et al.

‘DI9 [yy-eid 8y} Ul PaONPUOD SBIPNIS,

‘DOl UPIDYDG-gNs '\YSS ‘aypa ssuodsal ‘yy ‘esuodsal [oiind Y4 ‘uidigniounop jpwosodi| pajojABad ‘pQid ‘uroignioxop [pwosodi) peypABed ‘qld ‘1oideda Jojpy yimolb paaisp-ejeip|d

"4490d ‘|PAIAINS ||DIBAC ‘GO ‘Bjpu esuodsal ||DIBAC “YYO ‘eSOp pPajoisjo) wnwixow ‘W ‘sespulsjoidojpiew Xpuw W ‘sniiA Aousioyepounwiwl ubwny ‘AJH ‘uoupusiuiwpy Bnig pub pood ‘y(@4 ‘sedialeg uowny
pup yypey jo juswpndaq SN 8yl ‘SHHQ ‘eulsoupplp ‘|qQ ‘@ulsHouIA ‘uipAwoa)q ‘uidignioxop ‘Agq ‘Adpisyjowayd ‘|xD) ‘esuodsal sje|dwod ‘YD) ‘eunsioulA ‘uipAwos|q ‘Ag ‘eulpnaopiz /|7y ‘Adpisyj [paiAouRIUD ‘] yY

3|qp|IPAD Jou AgQ uaym episodoje
[pi0 10 AGQ :Z 10T Ul perodel [ouy ySS ul uswiBal XD

auo|p |y 0f pepuodsal pwooips isodoy L] yim
sjusypd YoIym Ul PaJHUSP] S19M S8SPD PajusWNOoP
aAl} Ajuo ‘y0QZ [Hun dn 8injoiayl| S1US JO MBIABI U]

SUoD | YV YHM pajoal)

sjusyyod O] yim paiodwod usym gO JDBA-G 8siom

D SADY ||Us ] ¥V Of uouippo ul Adolay) pwoduDs Isodoy
oyioads yyim pajpal; PWodIDs isodoy L] YiMm sjusipg

Bnip panroiddo-yq4 “8|iyoid Ajo1xo} s|qrioApuN
Joyquyu
dWW P $! €100 "Pwodups isodpy ul passeldxaieno
9D PUD UOISDAUI JOWN} Ul PSAJOAUL 31D SYWW

sesuodsal yjim

PaID[2110d JOouU PIP i3} PUD Y-4H(d U! suoypinw BuypAloy
pWaPs PajpIoossp-lown; aAoidwi

Apw ynq ‘Adpisyjouow sp joeye Jownjyup Mo| AjsAlpjay

sjusypd sAypBaU-A|H o Jaquinu
[Pws D ul pajon|pA “Buliods ploisg “PaIIS|O) [[PAA
Adoiayt wisrBuo| yim
plwana| pup swolpuAs duspjdsApojeAw Aipopuodss Jo ysiy
Adpiayj [axpyijond 1o
/Pup (@1d) autpAopayjup pwosodi| pajojAbad snoisid
pa|ip} 4oy} sjusypd 1oy paasssal Ajjpnsn jusbp uyngniuy
DWOdIDS IsodY DISSD|D PUD PaJOBJUI A|H Ul DALY
'$|[92 | 80D PUL @D Ul S8SD3IDUI ‘PajoIa[o} [[OAA

Bnip paroiddo-yq4 “sjusyod AlH ul bwooips isodoy
9jpqIedpxe AbW YdIym ‘splotals Yim usAlB aq o} spasN

Bnip parciddo

-y4 "e|yoid d1xo} s59| D Yiim uopUIqod Bnip

o} ¥y Jojiwis pjelA saulpAopiyjup [pwosodi| pajojABed

-uabBp s|buig “ajyoid Ajidixo} Jeyeq pup [expyijond o
¥y JoJiwis o asnpdaq juswipaly aul| jsiy so usAlb Ajjonsn

(4d +¥D) %99 IXD + L¥Y
“(¥d +¥D) %6€ BuoP 3y

(4D + ¥d) pepuodsas sa1y} yoiym jo

‘BUO|D | YV YHM pejpal) 81em oy}

S|PL} [021UID Ul payuspl sjusypd

1noy Ajuo :sjusyod L] “(¥D+¥d)
Yim (%18) 8¥/6¢ siuelod 0]

%G8 — L1 ‘%56
- 0] :1gQ I02kg ‘Paquosap ¥y oON
(4d+¥D) %1€
— 17V pup %66 - |aq :dnoib
asop-ybiy !(yd + YD) %8 — 17V
pun 9%0¥ — 1ad :dnoib 950p-MOT

(4d +¥D) %y
(¥4 +¥D) %eE

(4d+¥D) %le

(¥d +¥D) %001

(¥4 +¥D) %9¢

(¥4 +¥D) %EY

(¥4 +¥D) %EL

(¥d +¥D) %1£-9S

(44 +¥D) %65-5C

[87] IXD+ L4V "sA 1YV
YSS Ul @spasip L] yim sjusynd
*O _0_‘: _um__OtCOU —UmN_EOﬁcCN_

[£9] auojo
1YV JO salpnis |pIaAss jo Aowuwing

[ae99]
auljpAopiyjup [pwosodi|+ | ¥y

:950asIp L] "auojp YV
:@spasip O] “yopoiddp payupuys
-Bpjs eoadsoud o jo uoydioseq

o[59] 17V 10 . [79]
|dd Yym esop-ybiy 1o esop-mo]

[€9] [0 | esoyq
[a29] P14 || @sPYY

[L9] o1 || @soyy

[09] 1| @sPYy4

[66] o1y || esoyq

o [8G] [PHI || 8sDY4

(w25 2951 11/1 @s0Yd

[GGo'7G] s|PH || @sPYd
»[€6] A9Q 'sA a1
‘[z6] |1expuprd “sa q1d
1g] ead sr q1d
5101 Ag A Qid
‘ol6¥] AGQ A PA1d

saulleping SHHA
Buimojoj uswiBal Bnip-saiy]

uswiBai Bnup-eauy|

seulepINg SHHA

Buimojoj uswibal Bnip-ssiy)

App p 8ou0

(NI uoyiw | —g) 8sop-ybiy
10 (] uoljjiw |) 8sop-mo

\Ao_o\mE\mE SZ AW
Ajop Bu 009-00%

syyeam ¢ Atens By /Bw g
3[2Ad yeam
yops jo G| pup ‘g ‘| sAop
uo Al Bw Q| [exoyijond-gqoN|

sAop |z
jo no z 104 Abp b sduo Bw g

syeam g Alens ,w /B g
sAop

8¢ 40 ino |z 1o} Ajiop Bw g
SEEVN

Aions ,w/Bu /| -GE| pup
syeam g Aiene ,w/BuiQ|

speem ¢ Aiens ,w/BuiOy-0g

LV

LV

LV

O:O.CO‘_OTO._C_

€102
quyow

QownzIobAsg

[exoyijond-qoN|

spisodoyg

suIq[aIouIA

apiuiopijouiog

_wxc_.__UUm

(u1gnIounpp

pup uIdIgnIOXOop)
auljpAopIyjuD
[pwosodi| pap|ABay

sjuawwiod

ajpJ4 asuodsay

uBisaq

abosoq

jJusuypaal

PWodIDs 1sodpy| Jo juswypaly ayj 4oy saidpiayy d1waysAs Jo saipnys aaydadsold Joses *| BjqpL

51

www.co-hivandaids.com

> 2016 Wolters Kluwer Health, Inc. All rights reserved.

©

1746-630X Copyright

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Prevention and care strategies

Table 2. Select freatment strategies for KSHV-MCD

Therapy Dosage Rationale Outcomes Special considerations
Rituximab 375mg/m? weekly x4 Rituximab eliminates 92% sustained remission rafe at  Kaposi sarcoma
weeks [71,76"] CD20 +B-cells day 60, 71% at 1 year. progression may occur

Patients should have been [National
treated with chemotherapy for ~ Comprehensive Cancer
at least 3 months with clinical Network Guidelines
response and should have version 1.2015 (NCCN
experienced at least one Guidelines)]
recurrence of MCD attack
after attempt to discontinue
chemotherapy prior to
initiating rituximab [71]. 95%
had remission of symptoms;
67% had a radiological
response. 79% disease-free
survival at 2 years [76"]

Rituximab -+ Rituximab 375 mg/m? Rituximab may lead to Clinical response: 94% major ~ Well tolerated, rapid
liposomal + liposomal worsening of Kaposi clinical response (PR or clinical improvement.
doxorubicin doxorubicin 20mg/m?  sarcoma lesions. better); 88% CR. Biochemical Listed as preferred line of

every 3 weeks [78"] Rituximab alone may be response: 88% major treatment in patients with
inadequate as single response; 76% CR KSHV-MCD and
agent to treat KSHV-MCD. concomitant Kaposi
LD can target CD20-KSHV- sarcoma (NCCN
infected MCD Guidelines)
plasmablasts and Kaposi
sarcoma spindle cells

High-dose AZT 600 mg orally every ORF21 (KSHV Iytic gene) Clinical responses: 86% major  Decrease in C-reactive
AZT + 6 h + valganciclovir can phosphorylate AZT clinical response. Biochemical ~ protein and viral ILl-6

900 mg orally every
12h for 7 out of 21
days [79]

valganciclovir

lytic gene) can

phosphorylate ganciclovir

and ganciclovir to toxic
moieties; ORF36 (KSHV

noted from baseline to
time of best clinical
response (NCCN
Guidelines)

responses: 50% major
response; 21% CR; 29% PR

AZT, zidovudine; IL-6: interleukin-6; CR, complete response; FDA, Food and Drug Administration; KSHV, Kaposi sarcoma herpesvirus; LD, liposomal doxorubicin;
MCD, multicentric Castleman disease; NCCN, National Comprehensive Cancer Network; PR, partial response.

Most cases arise in HIV patients. Although relatively
rare, PEL is likely to be under-diagnosed [81]. PEL
presents with lymphomatous effusions, most com-
monly pleural, but also peritoneal, pericardial, and
even joint [82]. Extra-cavitary forms can involve the
skin, lymph nodes, gastrointestinal, and central
nervous system (CNS) [83]. PEL should be con-
sidered in any HIV patient with effusions, especially
if they have Kaposi sarcoma and/or inflammatory
symptoms similar to MCD and laboratory criteria for
KICS (described below). Even small effusions should
be evaluated. PEL cells generally have immunoglo-
bulin gene rearrangement, but often lack surface
immunoglobulin or common B-cell surface markers
such as CD19, CD20, or CD79a. A diagnosis of PEL
requires the presence of KSHV in the malignant
cells; about 80% are coinfected with EBV. The
immunophenotypic profile may include CD4S,
CD30, CD38, CD138, and interferon regulatory fac-
tor 4 (IRF4) [83-85].

In addition to imaging of the chest, abdomen,
and pelvis, staging should include brain MRI and
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lumbar puncture to look for CNS involvement.
Serial evaluation of KSHV viral load may provide
additional information. Currently, there is no
standard therapy. Administration of ART is key
component for HIV-infected patients, but is insuf-
ficient in itself. Dose-adjusted EPOCH (infusional
cyclophosphamide, doxorubicin, etoposide, vin-
cristine, and prednisone) or CHOP (cyclophospha-
mide, doxorubicin, vincristine, and prednisone)
with ART can yield 2-year survival rates of approxi-
mately 30-40% [80,86]. Preclinical studies of
pomalidomide or lenalidomide show activity in
PEL cells, due in part to a reduction of IRF4
[877",88"]. Interestingly, both lenalidomide and
pomalidomide have been shown to inhibit
KSHV-induced downregulation of MHC class I
expression in PEL cells [88"]. A prospective trial
using lenalidomide combined with rituximab and
DA-EPOCH is being developed. Elevated cytokines
such as IL-6 have been shown to correlate with
poor prognosis in PEL patients and a substantial
proportion meet criteria for KICS (described
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Table 3. Working definition of the KSHV inflammatory cytokine syndrome (KICS)

(1) Clinical manifestations

(a) Symptoms

Fever, fatigue, edema,

cachexia, respiratory
symptoms, gastrointestinal
disturbance, arthralgia and
myalgia, altered mental
state, neuropathy

(2) Systemic Inflammation

Elevated C-reactive protein

(3) KSHYV viral activity

(b) Laboratory
abnormalities

Anemia,
thrombocytopenia,
hypoalbuminemia,
hyponatremia

KSHV viral load in plasma (>1000 copies/ml) or PBMCs (>100 copies/10° cells)
(4) No evidence of KSHV-MCD

If adenopathy present, requires histopathologic assessment of nodes

(c) Radiographic
abnormalities

Adenopathy,
splenomegaly,

hepatomegaly,

body effusions

For a diagnosis of KICS to be made, must have at least two clinical manifestations from at least two categories (symptoms, laboratory abnormalities, and
radiographic abnormalities), in addition to each of the criteria in 2—4. KSHV, Kaposi sarcoma herpesvirus; MCD, multicentric Castleman disease; PBMCs,
peripheral mononuclear cells. Adapted with permission [89"].

Table 4. Select on-going or recently completed therapeutic studies open to patients with KSHV-associated diseases

Clinical Trials.gov

Identification (https://

Therapy Disease Rationale clinicatrials.gov)
Selumetinib Kaposi sarcoma MEK 1/2 inhibitor NCT01752569
Nelfinavir Gamma herpesvirus-related Nelfinavir may activate lytic gene expression in NCT02080416
tumors including Kaposi gamma herpesvirus tumors
sarcoma
Pembrolizumab Patients with HIV and PD-1 inhibitor NCT02595866
refractory/advanced
malignancies, including
Kaposi sarcoma and PEL
Nivolumab -+ HIV-associated PD-1 inhibition combined with CTLA4 inhibition NCT02408861
ipilimumab malignancies, including
Kaposi sarcoma and PEL
Pomalidomide + Kaposi sarcoma, MCD, Unmet need to treat patients with KSHV-MCD and NCT02659930

liposomal
doxorubicin

DS-8895a

Tocilizumab

Sirolimus

DA-EPOCH +

lenalidomide

Lenalidomide

KICS

Advanced or metastatic
EphA2 cancers

HIV positive MCD

HIV positive MCD

KSHV-associated
lymphomas (including

PEL)

Kaposi sarcoma

Kaposi sarcoma as single agents alone are not
usually sufficient

EphA2 is an entry receptor for KSHV

Il-6 overproduction plays a role in MCD.
Tocilizumab is a humanized anti-IL6 receptor
antibody. Blocking human IL-6 may be sufficient
to treat MCD by blocking paracrine and
autocrine stimulation

Rapamycin is directly toxic to KSHV-infected cells
[?1]. Tumor responses in Kaposi sarcoma were
associated with recovery of T cell memory
responses against KSHV latent ORF73 and lytic
K8.1 antigens [92]

Lenalidomide has in-vitro direct antitumor effect in
KSHV-lymphomas as well as immunomodulatory
and antiangiogenic effects

Thalidomide has shown activity in Kaposi sarcoma.

Lenalidomide is a more potent thalidomide
derivative

NCT02252211

NCT01441063

NCT01441063

Anticipated opening in

2016

NCT01057121

CTLA4, cytotoxic T-lymphocyte protein 4; DA-EPOCH, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide and doxorubicin; EphA2, ephrin
receptor tyrosine kinase A2; HIV, human immunodeficiency virus; IL6, interleukin-6; KICS, Kaposi sarcoma inflammatory cytokine syndrome; KSHV, Kaposi

sarcoma herpesvirus; MCD, multicentric Castleman disease; MEK, mitogen-activated protein kinase; PD-1, programmed cell death protein 1; PEL, primary effusion

lymphoma.
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below) [86]. Even though PEL cells do not express
CD20, rituximab should be used to treat PEL in
patients with concurrent MCD, and may also be
useful in other PEL patients by targeting cytokine
production by KSHV-infected nontumor B-cells.

KAPOSI SARCOMA HERPESVIRUS
INFLAMMATORY CYTOKINE

SYNDROME
Our group observed that some KSHV-infected
patients manifested inflammatory symptoms

similar to those in KSHV-MCD but did not have
KSHV-MCD pathology. We described six such
patients in a retrospective analysis [47]. Serum
vIL6, hIL-6, IL-10, and serum KSHV viral load were
significantly higher than control patients with
Kaposi sarcoma and no MCD-like symptoms. Based
on this initial study, we have developed a working
definition of KICS and have undertaken a prospec-
tive study of this condition [89%,90]. Our current
understanding is that as in KSHV-MCD, the symp-
toms in these patients are caused by cytokine excess
directly or indirectly caused by KSHV infection and
not attributable to uncontrolled HIV [89%]. KICS
patients have a high risk of death, and anemia
and hypoalbuminemia were poor prognostic
indicators [89"]. Many have Kaposi sarcoma and/
or PEL. Unrecognized KICS may be an important
cause of death in certain patients with AIDS-associ-
ated Kaposi sarcoma. Our findings highlight the
importance of recognizing KICS in critically ill
patients with HIV/KSHV coinfection and stress the
unmet need to develop treatment strategies for this
patient population. Table 3 displays the working
criteria for KICS. The National Cancer Institute is
currently evaluating several strategies to treat KSHV-
associated diseases, including KICS (Table 4).

CONCLUSION

KSHV-associated diseases represent a heterogeneous
group of disorders. The principal manifestations are
from tumor formation (Kaposi sarcoma and PEL)
and from cytokine excess (MCD and KICS). A better
understanding and recognition of this cluster of
entities is essential for the development of improved
prevention and treatment approaches. It will be
useful to understand the factors leading to these
different diseases in different KSHV-infected
patients. Promising efforts to develop effective
therapies include targeting specific viral genes,
targeting dysregulated cellular pathways, inhibiting
abnormal cytokine expression, and immunomodu-
latory approaches.

54 www.co-hivandaids.com

Acknowledgements
None.

Financial support and sponsorship

This work was supported by the Intramural Research
Programme of the NIH, National Cancer Institute.

Conflicts of interest

R.Y. reports a CRADA with Celgene Corp., nonfinan-
cial support from Hoffman LaRoche and Bayer. In
addition, R.Y. has a patent on the treatment of Kaposi
sarcoma with IL-12, patents pending for a peptide
vaccine against HIV, and a patent application for
the use of pomalidomide and lenalidomide to treat
KSHV-associated diseases and induce immunologic
changes. The spouse of R.Y. is a coinventor on a patent
describing the measurement of KSHV vIL-6. All these
inventions were made when the scientists were employ-
ees of the United States government. All rights, title,
and interest to these patents have been assigned to the
US Department of Health and Human Services. The
government conveys a portion of the royalties it receives
to its employee inventors under the Federal Technology
Transfer Act of 1986 (PL 99-502). T.S.U. reports a
CRADA with Celgene Corporation, and nonfinancial
support from Hoffman LaRoche and Bayer Corpor-
ation, outside the submitted work. In addition,
T.S.U. is a coinventor on the patent application
described above for pomalidomide and lenalidomide.
All other authors report no potential conflicts.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m of special interest

mm of outstanding interest

1. ChangY, Cesarman E, Pessin MS, et al. Identification of herpesvirus-like DNA

mm  sequences in AlDS-associated Kaposi's sarcoma. Science 1994; 266:

1865-1869.

Initial description of KSHV from a patient with Kaposi sarcoma.

2. Cesarman E, Chang Y, Moore PS, et al. Kaposi's sarcoma-associated

= herpesvirus-like DNA sequences in AIDS-related body-cavity-based lympho-
mas. N Engl J Med 1995; 332:1186-1191.

First description of association of KSHV with PEL.

3. Soulier J, Grollet L, Oksenhendler E, et al. Kaposi's sarcoma-associated

m herpesvirus-like DNA sequences in multicentric Castleman'’s disease. Blood
1995; 86:1276-1280.

First description oif association of KSHV with multicentric Castleman disease.
4, Uldrick TS, Wang V, O'Mahony D, et al. An interleukin-6-related systemic
m inflammatory syndrome in patients co-infected with Kaposi sarcoma-asso-

ciated herpesvirus and HIV but without Multicentric Castleman disease. Clin
Infect Dis 2010; 51:350-358.

First description of KSHV inflammatory cytokine syndrome (KICS).

5. Cotter MA 2nd, Robertson ES. The latency-associated nuclear antigen
tethers the Kaposi's sarcoma-associated herpesvirus genome to host
chromosomes in body cavity-based lymphoma cells. Virology 1999; 264:
254-264.

6. Guasparril, Keller SA, Cesarman E. KSHV vFLIP is essential for the survival of
infected lymphoma cells. J Exp Med 2004; 199:993-1003.

7. Lee HR, Amatya R, Jung JU. Multistep regulation of innate immune

m signaling by Kaposi's sarcoma-associated herpesvirus. Virus Res 2015;
209:39-44.

Description of how KSHV modulated the innate immune response.

Volume 12 e Number 1 e January 2017

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Kaposi sarcoma herpesvirus-associated diseases Goncalves et al.

8. Valiya Veettil M, Dutta D, Bottero V, et al. Glutamate secretion and metabo-

mm tropic glutamate receptor 1 expression during Kaposi's sarcoma-associated

herpesvirus infection promotes cell proliferation. PLoS Pathog 2014;
10:e1004389.

This is the first major study of the roles of the glutamate receptor with KSHV

infection. Repression of glutamate release and receptor function results in sup-

pression of proliferation of KSHV-infected cells.

9. Davis DA, Rinderknecht AS, Zoeteweij JP, et al. Hypoxia induces lytic
replication of Kaposi sarcoma-associated herpesvirus. Blood 2001;
97:3244-3250.

10. Hu D, Wang V, Yang M, et al. Induction of Kaposi's sarcoma-associated

m  herpesvirus-encoded viral interleukin-6 by X-box binding protein 1. J Virol
2016; 90:368-378.

This study reports expression of viral interleukin-6 (vIL6) in lymph nodes of patients

with KSHV-associated multicentric Castleman disease. Expression of vIL6 can be

induced by X-box binding protein.

11. Rivas C, Thlick AE, Parravicini C, et al. Kaposi's sarcoma-associated herpes-
virus LANA2 is a B-cell-specific latent viral protein that inhibits p53. J Virol
2001; 75:429-438.

12. Chang HH, Ganem D. A unique herpesviral transcriptional program in KSHV-
infected lymphatic endothelial cells leads to mTORC1 activation and rapa-
mycin sensitivity. Cell Host Microbe 2013; 13:429-440.

13. Dukers NH, Renwick N, Prins M, et al. Risk factors for human herpesvirus 8
seropositivity and seroconversion in a cohort of homosexual men. Am J
Epidemiol 2000; 151:213-224.

14. Pauk J, Huang ML, Brodie SJ, et al. Mucosal shedding of human herpesvirus 8
in men. N Engl J Med 2000; 343:1369-1377.

15. Martin JN, Ganem DE, Osmond DH, et al. Sexual transmission and the natural
history of human herpesvirus 8 infection. N Engl J Med 1998; 338:948-954.

16. Koelle DM, Huang ML, Chandran B, et al. Frequent detection of Kaposi's
sarcoma-associated herpesvirus (human herpesvirus 8) DNA in saliva of
human immunodeficiency virus-infected men: clinical and immunologic cor-
relates. J Infect Dis 1997; 176:94-102.

17. Butler LM, Osmond DH, Jones AG, et al. Use of saliva as a lubricant in anal
sexual practices among homosexual men. J Acquir Immune Defic Syndr 2009;
50:162-167.

18. Rohner E, Wyss N, Heg Z, et al. HIV and human herpesvirus 8 co-infection

mm across the globe: systematic review and meta-analysis. Int J Cancer 2016;
138:45-54.

This systematic review describes studies reporting the prevalence of KSHV in HIV-

positive and HIV-negative patients in several countries. HIV-positive patients are

more likely to be KSHV positive than HIV-negative patients and this association is
strongest in men who have sex with men, children, and hemophiliacs.

19. Grossmann C, Podgrabinska S, Skobe M, et al. Activation of NF-kappaB by
the latent vFLIP gene of Kaposi's sarcoma-associated herpesvirus is required
for the spindle shape of virus-infected endothelial cells and contributes to their
proinflammatory phenotype. J Virol 2006; 80:7179-7185.

20. Keller SA, Schattner EJ, Cesarman E. Inhibition of NF-kappaB induces
apoptosis of KSHV-infected primary effusion lymphoma cells. Blood 2000;
96:2537-2542.

21. Hughes DJ, Wood JJ, Jackson BR, et al. NEDDylation is essential for Kaposi's

mm  sarcoma-associated herpesvirus latency and lytic reactivation and represents
a novel anti-KSHV target. PLoS Pathog 2015; 11:e1004771.

The ubiquitin ligase, NEDD8, has emerged as interesting therapeutic target, in

part, to the development of a new inhibitor of NEDD8 activation. Inhibition of

NEDDS8 activity causes PEL cytotoxicity and other literature suggests that this

pathway may be an important target for other viral infections, including HIV.

22. Tomlinson CC, Damania B. The K1 protein of Kaposi's sarcoma-associated
herpesvirus activates the Akt signaling pathway. J Virol 2004; 78:1918-1927.

23. Sodhi A, Chaisuparat R, Hu J, et al. The TSC2/mTOR pathway drives
endothelial cell transformation induced by the Kaposi's sarcoma-associated
herpesvirus G protein-coupled receptor. Cancer Cell 2006; 10:133-143.

24. Morris VA, Punjabi AS, Lagunoff M. Activation of Akt through gp130 receptor
signaling is required for Kaposi's sarcoma-associated herpesvirus-induced
lymphatic reprogramming of endothelial cells. J Virol 2008; 82:8771-8779.

25. Roy D, Sin SH, Lucas A, et al. mTOR inhibitors block Kaposi sarcoma growth
by inhibiting essential autocrine growth factors and tumor angiogenesis.
Cancer Res 2013; 73:2235-2246.

26. Stallone G, Schena A, Infante B, et al. Sirolimus for Kaposi's sarcoma in renal-
transplant recipients. N Engl J Med 2005; 352:1317-1323.

27. Godfrey A, Anderson J, Papanastasiou A, et al. Inhibiting primary effusion
lymphoma by lentiviral vectors encoding short hairpin RNA. Blood 2005;
105:2510-2518.

28. Boss IW, Nadeau PE, Abbott JR, et al. A Kaposi's sarcoma-associated
herpesvirus-encoded ortholog of microRNA miR-155 induces human splenic
B-cell expansion in NOD/LtSz-scid IL2Rgammanull mice. J Virol 2011;
85:9877-9886.

29. Gottwein E, Cullen BR. A human herpesvirus microRNA inhibits p21 expres-
sion and attenuates p21-mediated cell cycle arrest. J Virol 2010; 84:5229—
5237.

30. Kieffer-Kwon P, Happel C, Uldrick TS, et al. KSHV microRNAs repress
tropomyosin 1 and increase anchorage-independent growth and endothelial
tube formation. PLoS One 2015; 10:e0135560.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Moody R, Zhu Y, Huang Y, et al. KSHV microRNAs mediate cellular trans-
formation and tumorigenesis by redundantly targeting cell growth and survival
pathways. PLoS Pathog 2013; 9:e1003857.

Friborg J Jr, Kong W, Hottiger MO, et al. p53 inhibition by the LANA protein of
KSHYV protects against cell death. Nature 1999; 402:889-894.

Sarek G, Kurki S, Enback J, et al. Reactivation of the p53 pathway as a
treatment modality for KSHV-induced lymphomas. J Clin Invest 2007;
117:1019-1028.

An J; SunY, Sun R, et al. Kaposi's sarcoma-associated herpesvirus encoded
VFLIP induces cellular IL-6 expression: the role of the NF-kappaB and JNK/
AP1 pathways. Oncogene 2003; 22:3371-3385.

Monini P, Colombini S, Sturzl M, et al. Reactivation and persistence of human
herpesvirus-8 infection in B cells and monocytes by Th-1 cytokines increased
in Kaposi's sarcoma. Blood 1999; 93:4044-4058.

Sirianni MC, Vincenzi L, Fiorelli V, et al. gamma-Interferon production in
peripheral blood mononuclear cells and tumor infiltrating lymphocytes from
Kaposi's sarcoma patients: correlation with the presence of human herpes-
virus-8 in peripheral blood mononuclear cells and lesional macrophages.
Blood 1998; 91:968-976.

Aoki Y, Jaffe ES, Chang Y, et al. Angiogenesis and hematopoiesis induced by
Kaposi's sarcoma-associated herpesvirus-encoded interleukin-6. Blood
1999; 93:4034-4043.

Montaner S, Sodhi A, Ramsdell AK; et al. The Kaposi's sarcoma-associated
herpesvirus G protein-coupled receptor as a therapeutic target for the
treatment of Kaposi's sarcoma. Cancer Res 2006; 66:168—174.
Cook-Mozaffari P, Newton R, Beral V, et al. The geographical distribution of
Kaposi's sarcoma and of lymphomas in Africa before the AIDS epidemic. Br J
Cancer 1998; 78:1521-1528.

Klepp O, Dahl O, Stenwig JT. Association of Kaposi's sarcoma and prior
immunosuppressive therapy: a 5-year material of Kaposi's sarcomain Norway.
Cancer 1978; 42:2626-2630.

Biggar RJ, Chaturvedi AK, Goedert JJ, et al. AIDS-related cancer and severity
of immunosuppression in persons with AIDS. J Natl Cancer Inst 2007;
99:962-972.

Guihot A, Dupin N, Marcelin AG, et al. Low T cell responses to human
herpesvirus 8 in patients with AIDS-related and classic Kaposi sarcoma. J
Infect Dis 2006; 194:1078-1088.

Silverberg MJ, Chao C, Leyden WA, et al. HIV infection, immunodeficiency,
viral replication, and the risk of cancer. Cancer Epidemiol Biomarkers Prev
2011; 20:2551-2559.

Engels EA, Pfeiffer RM, Goedert JJ, et al. Trends in cancer risk among people
with AIDS in the United States 1980-2002. AIDS 2006; 20:1645-1654.
GLOBOCAN 2012: Estimated cancer incidence, mortality and prevalence
worldwide in 2012. GLOBOCAN 2012 (IARC). Web. 22 August 2016.
Retrieved from: http://globocan.iarc.fr/Pages/Map.aspx.

Krown SE, Testa MA, Huang J. AIDS-related Kaposi's sarcoma: prospective
validation of the AIDS Clinical Trials Group staging classification. AIDS
Clinical Trials Group Oncology Committee. J Clin Oncol 1997; 15:3085—
3092.

Nasti G, Talamini R, Antinori A, et al. AIDS-related Kaposi's Sarcoma:
evaluation of potential new prognostic factors and assessment of the AIDS
Clinical Trial Group Staging System in the Haart Era — the ltalian Cooperative
Group on AIDS and Tumors and the ltalian Cohort of Patients Naive From
Antiretrovirals. J Clin Oncol 2003; 21:2876-2882.

Mosam A, Shaik F, Uldrick TS, et al. A randomized controlled trial of
highly active antiretroviral therapy versus highly active antiretroviral
therapy and chemotherapy in therapy-naive patients with HIV-associated
Kaposi sarcoma in South Africa. J Acquir Immune Defic Syndr 2012;
60:150-157.

Gill PS, Wernz J, Scadden DT, et al. Randomized phase I trial of liposomal
daunorubicin versus doxorubicin, bleomycin, and vincristine in AIDS-related
Kaposi's sarcoma. J Clin Oncol 1996; 14:2353-2364.

Stewart S, Jablonowski H, Goebel FD, et al. Randomized comparative trial of
pegylated liposomal doxorubicin versus bleomycin and vincristine in the
treatment of AIDS-related Kaposi's sarcoma. International Pegylated Liposo-
mal Doxorubicin Study Group. J Clin Oncol 1998; 16:683-691.

Cooley T, Henry D, Tonda M, et al. A randomized, double-blind study of
pegylated liposomal doxorubicin for the treatment of AIDS-related Kaposi's
sarcoma. Oncologist 2007; 12:114-123.

Cianfrocca M, Lee S, Von Roenn J, et al. Randomized trial of paclitaxel versus
pegylated liposomal doxorubicin for advanced human immunodeficiency
virus-associated Kaposi sarcoma: evidence of symptom palliation from che-
motherapy. Cancer 2010; 116:3969-3977.

Northfelt DW, Dezube BJ, Thommes JA, et al. Pegylated-liposomal doxor-
ubicin versus doxorubicin, bleomycin, and vincristine in the treatment of AIDS-
related Kaposi's sarcoma: results of a randomized phase lll clinical trial. J Clin
Oncol 1998; 16:2445-2451,

Welles L, Saville MW, Lietzau J, et al. Phase |l trial with dose titration of
paclitaxel for the therapy of human immunodeficiency virus-associated Ka-
posi's sarcoma. J Clin Oncol 1998; 16:1112-1121.

Tulpule A, Groopman J, Saville MW, et al. Multicenter trial of low-dose
paclitaxel in patients with advanced AIDS-related Kaposi sarcoma. Cancer
2002; 95:147-154.

1746-630X Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved. www.co-hivandaids.com 55
Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://globocan.iarc.fr/Pages/Map.aspx

Prevention and care strategies

56. Polizzotto MN, Uldrick T, Wyvill K, et al. Pomalidomide for Kaposi Sarcoma in
m  people with and without HIV: a phase I/l study. J Clin Oncol 2016. (in press).
Pomalidomide was well tolerated in patients with Kaposi sarcoma (both with and
without HIV infection) at 5mg orally daily for 21 out of 28 days. The overall
response rate was 73%, with 18% complete responses.

57. Polizzotto MN, Sereti |, Uldrick T, et al. Pomalidomide induces expansion of

m  activated and central memory CD4" and CD8™ T cells in vivo in patients with
and without HIV infection. Blood 2014; 124:4128-14128.

Patients with Kaposi sarcoma treated with pomalidomide showed significant

increases in the number of CD4" and CD8" T cells.

58. Nasti G, Errante D, Talamini R, et al. Vinorelbine is an effective and safe drug
for AIDS-related Kaposi's sarcoma: results of a phase Il study. J Clin Oncol
2000; 18:15650-1557.

59. Evans SR, Krown SE, Testa MA, et al. Phase Il evaluation of low-dose oral
etoposide for the treatment of relapsed or progressive AIDS-related Kaposi's
sarcoma: an AIDS Clinical Trials Group clinical study. J Clin Oncol 2002;
20:3236-3241.

60. luliano F, Cervo G, luliano E, et al. Weekly nab-paclitaxel in elderly patients

m  with classic Kaposi sarcoma. in 2016 American Society of Clinical Oncology
Annual Meeting. 2016. Abstract e22539.

Article describing the use of weekly nab-paclitaxel in elderly patients with classic

Kaposi sarcoma as an effective and less toxic regimen for this patient population.

61. Uldrick TS, Wyvill KM, Kumar P, et al. Phase Il study of bevacizumab in
patients with HIV-associated Kaposi's sarcoma receiving antiretroviral ther-
apy. J Clin Oncol 2012; 30:1476-1483.

62. Koon HB, Krown SE, Lee JY, et al. Phase Il trial of imatinib in AIDS-associated

m  Kaposi's sarcoma: AIDS Malignancy Consortium Protocol 042. J Clin Oncol
2014; 32:402-408.

Imatinib has activity in AIDS-associated Kaposi sarcoma. Activating mutations in

PDGF-R and c-kit did not correlate with response.

63. Cianfrocca M, Cooley TP, Lee JY, et al. Matrix metalloproteinase inhibitor
COL-3 in the treatment of AIDS-related Kaposi's sarcoma: a phase | AIDS
malignancy consortium study. J Clin Oncol 2002; 20:153-159.

64. Krown SE, Li P, Von Roenn JH, et al. Efficacy of low-dose interferon with
antiretroviral therapy in Kaposi's sarcoma: a randomized phase Il AIDS clinical
trials group study. J Interferon Cytokine Res 2002; 22:295-303.

65. Shepherd FA, Beaulieu R, Gelmon K, et al. Prospective randomized trial of two
dose levels of interferon alfa with zidovudine for the treatment of Kaposi's
sarcoma associated with human immunodeficiency virus infection: a Cana-
dian HIV Clinical Trials Network study. J Clin Oncol 1998; 16:1736-1742.

66. Bower M, Dalla Pria A, Coyle C, et al. Prospective stage-stratified approach to

mm  AIDS-related Kaposi's sarcoma. J Clin Oncol 2014; 32:409-414.

This study prospectively evaluated 469 patients with HIV and Kaposi sarcoma.

Patients with T, disease were given antiretroviral therapy (ART) alone and patients

with T, disease were received liposomal doxorubicin in addition to ART. Overall 5-

year survival was 92% for T, and 95% for T4 Kaposi sarcoma. This study suggests

that stratifiying Kaposi sarcoma treatment according to risk may reduce exposure
to chemotherapy to early stage Kaposi sarcoma.

67. Krown S. Highly active antiretroviral therapy in AIDS-associated Kaposi's
sarcoma: implications for the desing of therapeutic trials in patients with
advanced, symptomatic Kaposi's sarcoma. J Clin Oncol 2004; 22:218-219.

68. Powles T, Stebbing J, Bazeos A, et al. The role of immune suppression and
HHV-8 in the increasing incidence of HIV-associated multicentric Castle-
man's disease. Ann Oncol 2009; 20:775-779.

69. Polizzotto MN, Uldrick TS, Wang V, et al. Human and viral interleukin-6 and
other cytokines in Kaposi sarcoma herpesvirus-associated multicentric Cas-
tleman disease. Blood 2013; 122:4189-4198.

70. Oksenhendler E, Duarte M, Soulier J, et al. Multicentric Castleman’s disease in
HIV infection: a clinical and pathological study of 20 patients. AIDS 1996;
10:61-67.

71. Gerard L, Berezne A, Galicier L, et al. Prospective study of rituximab in
chemotherapy-dependent human immunodeficiency virus associated multi-
centric Castleman’s disease: ANRS 117 CastlemaB Trial. J Clin Oncol 2007;
25:3350-3356.

72. Uldrick TS, Polizzotto MN, Yarchoan R. Recent advances in Kaposi sarcoma
herpesvirus-associated multicentric Castleman disease. Curr Opin Oncol
2012; 24:495-505.

73. Oksenhendler E, Carcelain G, Aoki Y, et al. High levels of human herpesvirus 8
viral load, human interleukin-6, interleukin-10, and C reactive protein correlate
with exacerbation of multicentric castleman disease in HIV-infected patients.
Blood 2000; 96:2069-2073.

74. Suthaus J, Stuhlmann-Laeisz C, Tompkins VS, et al. HHV-8-encoded viral IL-6
collaborates with mouse IL-6 in the development of multicentric Castleman
disease in mice. Blood 2012; 119:5173-5181.

56 www.co-hivandaids.com

75. Zeng Y, Zhang X, Huang Z, et al. Intracellular Tat of human immunodeficiency
virus type 1 activates lytic cycle replication of Kaposi's sarcoma-associated
herpesvirus: role of JAK/STAT signaling. J Virol 2007; 81:2401-2417.

76. Bower M, Powles T, Williams S, et al. Brief communication: rituximab in HIV-

m  associated multicentric Castleman disease. Ann Intern Med 2007; 147:836—
839.

Article describing the treatment of KSHV-MCD with rituximab.

77. Gerard L, Michot JM, Burcheri S, et al. Rituximab decreases the risk of
lymphoma in patients with HIV-associated multicentric Castleman disease.
Blood 2012; 119:2228-2233.

78. Uldrick TS, Polizzotto MN, Aleman K, et al. Rituximab plus liposomal doxor-

m  ubicin in HIV-infected patients with KSHV-associated multicentric Castleman
disease. Blood 2014; 124:3544-3552.

Rituximab can worsen Kaposi sarcoma in patients with multicentric Castleman

disease. Rituximab plus liposomal doxorubicin is active and safe in patients with

MCD.

79. Uldrick TS, Polizzotto MN, Aleman K, et al. High-dose zidovudine plus
valganciclovir for Kaposi sarcoma herpesvirus-associated multicentric Castle-
man disease: a pilot study of virus-activated cytotoxic therapy. Blood 2011;
117:6977-6986.

80. Boulanger E, Gerard L, Gabarre J, et al. Prognostic factors and outcome of
human herpesvirus 8-associated primary effusion lymphoma in patients with
AIDS. J Clin Oncol 2005; 23:4372-4380.

81. Mbulaiteye SM, Biggar RJ, Goedert JJ, et al. Pleural and peritoneal lymphoma
among people with AIDS in the United States. J Acquir Inmune Defic Syndr
2002; 29:418-421.

82. Nador RG, Cesarman E, Chadburn A, et al. Primary effusion lymphoma: a
distinct clinicopathologic entity associated with the Kaposi's sarcoma-asso-
ciated herpes virus. Blood 1996; 88:645-656.

83. Chadburn A, Hyjek E, Mathew S, et al. KSHV-positive solid lymphomas
represent an extra-cavitary variant of primary effusion lymphoma. Am J Surg
Pathol 2004; 28:1401-1416.

84. Carbone A, Gloghini A, Larocca LM, et al. Expression profile of MUM1/IRF4,
BCL-6, and CD138/syndecan-1 defines novel histogenetic subsets of
human immunodeficiency virus-related lymphomas. Blood 2001; 97:744-
751.

85. Carbone A, Gloghini A, Cozzi MR, et al. Expression of MUM1/IRF4 selectively
clusters with primary effusion lymphoma among lymphomatous effusions:
implications for disease histogenesis and pathogenesis. Br J Haematol 2000;
111:247-257.

86. Uldrick T, Bhutani, M., Polizzotto, M. et al. Inflammatory cytokines, hyperferri-
tinemia and IgE are prognostic in patients with KSHV-associated lymphomas
treated with curative intent. in American Society of Hematology Annual
Meeting and Exposition. 2014. San Francisco, CA.

87. Gopalakrishnan R, Matta H, Tolani B, et al. Inmunomodulatory drugs target

mm  |KZF1-IRF4-MYC axis in primary effusion lymphoma in a cereblon-dependent
manner and display synergistic cytotoxicity with BRD4 inhibitors. Oncogene
2016; 35:1797-1810.

This study reports enhanced survival in mice implanted with KSHV PEL cells with

the combination of an immunomodulatory drug, lenalidomide, and an epigenetic

reader inhibitor, JQ-1.

88. Davis D, Anagho H, Mishra S, et al. Lenalidomide and pomalidomide inhibit

m  KSHV-induced downregulation of MHC class | expression in primary effusion
lymphoma cells. in 15th International Conference on Malignancies in AIDS
and Other Acquired Immunodeficiencies. 2015. Bethesda, MD.

Lenalidomide and pomalidomide inhibit proliferation of primary effusion cell lines

and inhibit Kaposi sarcoma herpesvirus-induced downregulation of MHC class |

molecules.

89. Polizzotto MN, Uldrick TS, Wyvill KM, et al. Clinical features and outcomes of

m  patients with symptomatic Kaposi sarcoma herpesvirus (KSHV)-associated
inflammation: prospective characterization of KSHV inflammatory cytokine
syndrome (KICS). Clin Infect Dis 2016; 62:730—-738.

Patients with KSHV inflammatory cytokine syndrome (KICS) have a high rate of

KSHV-associated tumors, elevated interleukins 6 and 10 and a high mortality.

90. Polizzotto MN, Uldrick TS, Hu D, et al. Clinical manifestations of Kaposi
sarcoma herpesvirus lytic activation: multicentric castleman disease (KSHV-
MCD) and the KSHV inflammatory cytokine syndrome. Front Microbiol 2012;
3:73.

91. Sin SH, Roy D, Wang L, et al. Rapamycin is efficacious against primary
effusion lymphoma (PEL) cell lines in vivo by inhibiting autocrine signaling.
Blood 2007; 109:2165-2173.

92. Barozzi P, Bonini C, Potenza L, et al. Changes in the immune responses
against human herpesvirus-8 in the disease course of posttransplant Kaposi
sarcoma. Transplantation 2008; 86:738~-744.

Volume 12 e Number 1 e January 2017

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



