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REVIEW
Kaposi Sarcoma of Childhood: Inborn or Acquired Immunodeficiency
to Oncogenic HHV-8
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Kaposi sarcoma (KS) is an endothelial malignancy caused by hu-
man herpes virus-8 (HHV-8) infection. The epidemic and iatrogenic
forms of childhood KS result from a profound and acquired T cell
deficiency. Recent studies have shown that classic KS of childhood
can result from rare single-gene inborn errors of immunity, with
mutations in WAS, IFNGR1, STIM1, and TNFRSF4. The pathogenesis
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of the endemic form of childhood KS has remained elusive. We re-
view childhood KS pathogenesis and its relationship to inherited and
acquired immunodeficiency to oncogenic HHV-8. Pediatr Blood
Cancer 2016;63:392-397.  © 2015 The Authors. Pediatric Blood & Can-
cer, published by Wiley Periodicals, Inc.

INTRODUCTION

Kaposi sarcoma (KS) is an inflammatory neoplasm of
endothelial cell origin first defined by Hungarian dermatologist,
Moritz Kaposi in 1872.[1] KS is probably a polyclonal prolifer-
ation of spindle cell latently infected by human herpes virus-8
(HHV-8), which often evolves into an oligoclonal/monoclonal
disorder.[2—4] It is currently classified under four epidemiologic
forms.[S] Classic KS primarily affects elderly men mostly over
60 years old of Eastern European and Mediterranean ori-
gin, typically presenting with indolent and chronic cutaneous
plaques and nodules. Endemic KS in Sub-Saharan Africa affects
younger adults, with a rapidly progressive lymphadenopathic
course. Epidemic KS in human immunodeficiency virus-(HIV-)
infected and acquired immune deficiency syndrome (AIDS)
patients and iatrogenic KS in medically immunosuppressed
(e.g., transplanted) patients typically follow a rapidly progres-
sive course, affecting the skin, mucosae, lymphatic system,
and visceral organs. HHV-8, also designated as KS-associated
herpes virus (KSHYV), is the causative agent for all epidemi-
ological forms of KS in all patients.[6] The vast majority of
HHV-8 infected individuals (more than 40% individuals in
some populations, based on seroprevalence) do not develop
KS.[7] This virus can cause at least two other conditions, some
forms of multicentric Castleman’s disease and primary effusion
lymphoma, both of which can however occur in the absence of
HHV-8 infection.[8]

The prevalence of HHV-§8 varies globally, with high level
of more than 40% seropositivity in parts of Africa and
South America, intermediate level of 30%-40% seropositivity
in the Mediterranean, and low levels of up to 20% seropos-
itivity in non-endemic areas such as North America, North-
ern Europe, and most of Asia.[7] There exists some ma-
jor HHV-8 genotypes, many of which are geographically re-
stricted, with little evidence to support whether any geno-
type is more virulent or more associated with KS.[9-13] In
2009, in addition to Hepatitis B Virus, Hepatitis C Virus,
HIV-1, Human Papillomaviruses, and Human T-Cell Lym-
photropic Virus Type-1, the World Health Organization’s In-
ternational Agency for Research on Cancer declared HHV-
8 a Group 1 carcinogenic virus, highlighting its public health
significance.[14]

In evaluating a patient with KS, a complete physical exam-
ination is necessary with the evaluation of visceral disease for
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patients with systemic or organ-specific symptoms. Biopsy of
the KS lesion is required for definitive diagnosis. Histologic fea-
tures include spindle shaped cells, inflammatory infiltrates, and
angioproliferation with erythrocyte extravasation. Endothelial
cell markers (CD31, CD34, factor VIII) and lymphatic endothe-
lial cell markers (lymphatic vessel endothelial receptor 1) are of-
tentimes useful to support the diagnosis of KS.[15] However, de-
tection of HHV-8 latency-associated nuclear antigen, expressed
in all clinical stages of KS, in spindle cells, which are the pro-
liferating HHV-8-infected endothelial cells, is a more definitive
histologic diagnosis.[15-17] AIDS-associated KS is staged ac-
cording to the classification developed by the AIDS Clinical Tri-
als Group Oncology Committee, which stratifies patients based
on tumor burden, immune status, and presence of any systemic
symptoms.[18] There is no validated staging system for the other
epidemiologic forms of KS (classic, endemic, and iatrogenic).

For patients with epidemic or iatrogenic KS, the most ef-
fective treatment requires correcting the underlying immun-
odeficiency. The prognosis of epidemic KS has greatly im-
proved with the use of highly active anti-retroviral therapies
(HAART). However, KS remains the most common AIDS-
associated malignancy worldwide and the common form of all
cancers in adult males and the second or third most common
cancer in women and children in many parts of Sub-Saharan
Africa where HAART is not widely available,[19,20] posing a
significant burden on human health worldwide. There is evi-
dence that patients with iatrogenic KS, specifically those with
renal transplants under cyclosporine immunosuppression, have
had tumor regression when immunosuppression was switched
to sirolimus, a mammalian target of rapamycin (mTOR) in-
hibitor sharing both immunosuppressive and anti-neoplastic ef-
fects.[21,22] Treatment for endemic and classic forms of KS
is targeted on the basis of localized or disseminated disease.
Symptomatic localized lesions are oftentimes treated with lo-
cal measures such as intralesional vinblastine, liquid nitrogen,
laser therapy, localized radiotherapy, topical retinoic acid, or
surgical resection. For patients with multifocal, symptomatic, or
disseminated disease requiring systemic therapy, liposomal dox-
orubicin or liposomal daunorubicin is the first line of choice
followed by paclitaxel as second-line treatment.[23,24] Other
modalities with activity against KS include vincristine, vinblas-
tine, vinorelbine, bleomycin, and etoposide. Immunomodula-
tion approaches, such as interferon-o (IFN-«), have been eval-
uated, with promising activity in limited disease in epidemic
KS.[25]

KS in adults and HHV-8 infection in children have been
the subjects of recent reviews.[8,26] There is however no re-
view focused on pediatric KS. We will herein review child-
hood KS, our current understanding of all the epidemiologi-
cal forms, risk factors for KS development, as well as current
treatment approaches. In particular, we will discuss childhood
KS pathogenesis and its relationship to inherited and acquired
immunodeficiency.

CHILDHOOD KS
Epidemiology

Epidemic and endemic KS. Pediatric KS (summarized in
Table 1) is rare, but the prevalence greatly changes within re-
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gions of the world where HIV infection is widespread. Prior to
the AIDS pandemic, the most frequent form of KS in children
was the endemic KS in Africa. However, the insurgence of the
AIDS pandemic has increased the incidence of pediatric KS by
more than 40-fold, now making epidemic KS the most common
form of pediatric KS worldwide.[27-29] In a study of 18 Sub-
Saharan African countries, KS was the most common or second
most common childhood cancer in many areas of Southern and
Eastern Africa, with rates as high as 22% of all pediatric can-
cers in Uganda.[30] In a study conducted in Africa, HIV posi-
tive individuals have 47 times higher odds of KS development
compared with the general population;[31] however, specific pe-
diatric data are lacking. Furthermore, there is a paucity of liter-
ature on the epidemiology and pathogenesis of endemic (HIV
negative) KS as a whole, in both the pre and post HIV pan-
demic era. In Sub-Saharan Africa, the proportion of endemic
KS is estimated to be 36% (266 of the 726 KS cases in Zam-
bia confirmed by pathologists were HIV negative);[32] and that
of pediatric endemic KS is estimated to be 11% (10 of the 92
children in Malawi).[20] The risk factors for endemic KS, and
whether the incidence and prevalence is stable or increasing, are
unknown.

Classic and iatrogenic KS. Pediatric classic and iatrogenic
KS are extremely rare, despite the high seroprevalence of HHV-8
in certain regions of the world. In the Mediterranean Basin and
certain African regions, seroprevalence can reach 50% in chil-
dren older than 6 years.[33,34] and there is evidence for strong
familial aggregation between mother—child and sibling—sibling
relationships.[35,36] Classic KS in children is exceedingly rare,
with less than 50 reported cases of classic KS in the last 50 years
(Supplementary Table 1).[37-50] This corresponds to probably
less than 1 case per million infected children. The epidemiology
of HHV-8 infection and development of iatrogenic KS in the
pediatric population has not yet been fully elucidated. However,
data from adult patients with iatrogenic KS after solid organ
transplantation indicates a cumulative risk range as low as 0.4%
in North America to as high as 6% in regions of the Mediter-
ranean and Middle East, a risk 1,000-fold greater than non-
transplanted patients.[26,51]

Transmission of HHV-8. Horizontal transmission in in-
fancy and childhood is thought to occur primarily through
saliva exchange.[36,52] Although vertical transmission of
HHYV-8 has been reported, it is rare and estimated with an inci-
dence of 2%.[53] Interestingly, breast milk transmission has not
yet been reported despite the presence of HHV-8 DNA in breast
milk of seropositive mothers.[54] Furthermore, there is evidence
of HHV-§ transmission by blood transfusion in regions of the
world where HHV-8 is endemic.[55]

Clinical Course

Epidemic KS in pediatric populations frequently follows a
more aggressive course; sometimes without cutaneous involve-
ment, and oftentimes involving mucosa and visceral organs.
Children with epidemic KS are young (mean 8.8 years),[20]
and KS immune reconstitution inflammatory syndrome (IRIS)
can occur up to 20% of children with epidemic KS receiving
HAART therapy.[56] Children with endemic KS tend to be
younger (mean 6.6 years) and present with generalized or lo-
calized lymphadenopathy with sparse mucosal or skin lesions,
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TABLE I. Four Types of Pediatric Kaposi Sarcoma

Relative Geographic
Type of KS frequency characteristic Immunodeficiency Clinical presentation
Epidemic Relatively Worldwide AIDS Aggressive; sometimes without
common cutaneous involvement,
oftentimes involving mucosa and
visceral organs, IRIS
Endemic Rare Sub-Saharan Africa Not yet deciphered Generalized or localized
lymphadenopathy with sparse
mucosal or skin lesions, if any
Tatrogenic Very rare Developed world Immunosuppressive Variable; lymphadenopathy,
therapy, (e.g. visceral, mucocutaneous or
transplantation) cutaneous involvement
Classic Exceedingly rare Mediterranean WAS, IFN-yR1 deficiency, Rapidly progressive disseminated
Basin, Eastern STIM1 deficiency, OX40 and aggressive cutaneous lesions,
European deficiency oftentimes with mucosal and

lymph node involvement

Abbreviations: KS, Kaposi sarcoma; AIDS, acquired immunodeficiency syndrome; IRIS, immune reconstitution inflammatory syndrome;

WAS, Wiskott-Aldrich syndrome.

if any.[20] Pediatric patients with classic KS (mean 8.3 years)
present with more rapidly progressive disseminated and aggres-
sive cutaneous lesions, oftentimes with mucosal and lymph node
involvement, and can be lethal within 1-2 years of presentation
(Supplementary Table 1).[41,45] Pediatric patients with iatro-
genic KS are of variable ages depending on the time of immuno-
suppressive therapy post transplantation. The presentation of
pediatric iatrogenic (post-transplant) KS is variable, ranging
from pancytopenia and lymphadenopathy to more widespread
visceral or mucocutaneous—cutaneous involvement.[57-61] In
summary, pediatric KS, most common in developing countries,
tends to be more aggressive with high mortality, even in HIV
negative patients, compared with adult KS.[29]

Primary infection with HHV-8 has been documented in the
general population in children between 24 and 36 months of age,
and they present with non-specific fever and craniocaudal mac-
ulopapular rash, but not KS.[62] In contrast, primary HHV-8
infection in immunocompromised patients (albeit adults) post-
transplantation present more aggressively with pancytopenia
and disseminated lymphadenopathy, and even concomitant KS
with HHV-8 seroconversion.[63] Overall, the observation that
most children infected with HHV-8, even upon co-infection by
HIV but without AIDS, do not develop KS clearly indicates that
infection alone is not sufficient to drive KS and that other fac-
tors, such as impaired immunity (whether inherited or acquired),
are required.

Outcome and Treatment

Because of the rarity of pediatric KS, there is a paucity of
literature on treatment and outcome stratification, with most
treatment modalities options extracted from literature of adults
treated for KS. To date, there are no established consensus
group therapeutic guidelines for the treatment of all four forms
(epidemic, endemic, iatrogenic, and classic) of pediatric KS.
Antiviral therapy (ganciclovir, valganciclovir) can be consid-
ered for prevention of (primary) HHV-8 infection and subse-
quent KS development, with systemic chemotherapy (liposomal
doxorubicin, liposomal daunorubicin, paclitaxel, vincristine,
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etoposide, and bleomycin) utilized in cases of pediatric KS
with systemic disease, and intralesional chemotherapy (vinblas-
tine, topical retinoic acid) utilized in cases of localized dis-
ease.[26] As in adults, the control of HIV and the switch or
diminution of immunosuppression is key to the control of
epidemic and iatrogenic forms. In cases of epidemic KS, The
Cochrane review concluded that chemotherapy and HAART in
combination versus HAART alone are more likely associated
with KS remission, although data are sparse.[64,65] Children
with endemic (African) KS who are HIV negative, oftentimes
in resource-limited settings, have better outcomes than those
with HIV infection undergoing the same chemotherapeutic reg-
imens.[20,56,65-68] Limited cases of pediatric iatrogenic (liver
transplant) KS have shown promising response to mTOR in-
hibitor sirolimus, and paclitaxel chemotherapy.[57,69] Pediatric
classic (Mediterranean) KS, also exceedingly rare with very few
case reports, has been treated with various modalities. Three
Turkish children with disseminated classic KS had variable re-
sponses to systemic chemotherapy: one progressed and died on
vincristine, another went into first remission after systemic IFN-
« therapy, and a third child progressed despite systemic IFN-«
and vinblastine but went into remission after etoposide.[45]

Pathogenesis: Broad Acquired and Inborn
Immunodeficiencies

HHV-8 seropositivity alone does not predict progression to
childhood KS, and epidemic and iatrogenic KS attest of an
immunodeficiency with greatly increased risk of KS. This sug-
gests that endemic and classic childhood KS may also result
from hitherto unknown forms of immunodeficiency, whether
inherited or acquired. Human genetic variability may account
for phenotypic variability in the clinical outcome of HHV-8
infection. Supporting the hypothesis that inborn errors may
account for classic KS predisposition is the identification of
children with known inherited immunodeficiencies (i.e., autoso-
mal recessive [AR] IFN-yR1 deficiency, X-linked recessive [XR]
Wiskott—Aldrich syndrome) to have either preceding or concur-
rent KS (Table II).[44,46] IFN-yR1 deficiency is a well-defined
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Gene Type Inheritance PID Onset age Presentation Clinical outcome

WAS Classic XR Wiskott-Aldrich 14 months Aggressive disseminated Complete remission
syndrome cutaneous and systemic KS

IFNGRI Classic AR IFN-yR1 10 years Aggressive disseminated KS progression and death
deficiency cutaneous and systemic KS

STIM1 Classic AR STIM1 2 years Aggressive disseminated KS progression and death
deficiency cutaneous and systemic KS

TNFRSF4 Classic AR 0X40 deficiency 14 years Aggressive disseminated Complete remission

cutaneous and systemic KS

Abbreviations: KS, Kaposi sarcoma; XR, X-linked recessive; AR, autosomal recessive; PID, pediatric immunodeficiency.

primary immunodeficiency that predisposes to mycobacterial
disease. There is report of a 10-year child from Turkish con-
sanguineous parents with two copies of C77Y IFNGRI null
allele, who had low intermittent but persistent CD4" T cell
counts and recurrent disseminated infection caused by Bacille
Calmette-Guerin (BCG) vaccine and environmental Mycobac-
terium fortuitum since the age of 5 months.[44] He concurrently
developed aggressive disseminated cutaneous and systemic
classic KS confirmed by skin biopsy, and died at 12 years of
age of KS progression despite treatment with IFN-« and pacli-
taxel. Moreover, another report of a 14-month-old child with
Wiskott—Aldrich syndrome from Tunisian non-consanguineous
parents had a history of multiple bacterial (local infection
caused by BCG vaccine, severe staphylococcal pneumonia)
and viral infections (Epstein—Barr virus-related lymphoprolif-
erative disease, cytomegalovirus viremia) including HHV-8 in-
fection with aggressive disseminated cutaneous and systemic
classic KS confirmed by skin biopsy.[46] The cutaneous KS
lesions partially regressed with paclitaxel but complete remis-
sion from KS was not obtained until non-T-cell depleted allo-
geneic hematopoietic stem cell transplant (HSCT). These two
cases of classic KS in children with well-described primary im-
munodeficiency along with the observation of KS remission af-
ter HSCT, combined with the comprehension of epidemic and
iatrogenic KS pathogenesis, lend further support to the critical
role of a functioning immunity against HHV-8 infection and KS
development.

Pathogenesis: Inborn Errors of Immunity to HHV-8

Indeed, the first two genetic etiologies of isolated KS
(AR STIM1 deficiency and AR OX40 deficiency), both of
which impair T cell immunity, were subsequently discovered
(Table II).[70,71] A 2-year female born to Turkish consan-
guineous parents with aggressive disseminated cutaneous and
systemic KS died 4 months after presentation from pulmonary
lesions. Although the counts and proportions of T, B, and NK
cell subsets were normal, she harbored a homozygous splice-site
mutation in STIM]I, leading to primary functional T cell im-
munodeficiency.[70] Subsequently, a 14-year-old female born to
Turkish consanguineous parents, also with aggressive dissem-
inated cutaneous and systemic classic KS confirmed by skin
biopsy, was reported to carry a homozygous R65C null mutant
allele in TNFRSF4 (encoding 0X40).[71] OX40, normally ex-
pressed on activated T cells with its ligand (OX40L) expressed on
endothelial cells, was lowly expressed on the patient’s activated
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T cell surface with abolition of binding to OX40L. She was
treated with IFN-«, vinblastine, and etoposide with subse-
quent complete remission at last follow-up. These findings pro-
vided proof-of-principle that single-gene inborn errors of im-
munity can underlie aggressive forms of classic KS in child-
hood. Indeed, there are examples of single-gene inborn errors
underlying early-onset cancers.[72] Moreover, isolated child-
hood infectious diseases, including viral diseases such as her-
pes simplex encephalitis and severe influenza, can be caused
by single-gene immunodeficiencies.[73,74] Epidermodysplasia
verruciformis, an AR predisposition to papillomavirus-driven
non-melanoma skin cancer caused by mutations in EVERI or
EVER2, neatly illustrates both the aspects.[75-77] Altogether,
the observation of (1) HIV infection with low CD4* T cell pre-
disposition to epidemic KS, (2) T cell immunosuppression in ia-
trogenic KS, and (3) T cell impairment in children with classic
KS (AR IFN-yR1 deficiency, XR Wiskott-Aldrich syndrome,
AR STIMI1 deficiency, and AR OX40 deficiency) suggest that
HHV-8 exposure alone is insufficient and impaired T cell re-
sponses underlie the development of KS. Although progress has
been made in our understanding of KS-predisposing inborn er-
rors of immunity with the identification of two inborn errors
of T cell immunity in two unrelated kindreds,[70,71] the genetic
etiology of classic KS in children remains largely unexplained.
Moreover, the pathogenesis of endemic childhood KS remains
unknown. Next-generation sequencing, with exome and genome
sequencing, offers a promising avenue of research in both famil-
ial and sporadic cases.[78,79]

CONCLUDING REMARKS

KS continues to cause significant morbidity and mortality
worldwide in both pediatric and adult populations. Pediatric
KS, in all four epidemic forms, is distinct from adult KS, and
can be more rapidly progressive with a disseminated course. In-
deed, lymph node and mucosal involvement is more common in
children, as seen in cases of pediatric classic KS (Supplemen-
tary Table 1), despite the fact that classic KS in adults (Sup-
plementary Table 2) are typically limited to indolent cutaneous
lesions. Improved therapies for KS are greatly needed, in both
resource-limited settings as well as the more-developed world.
Immunosuppression from HIV infection and transplantation is
associated with higher mortality risks. The known impact of
HIV infection, immunosuppression, as well as inborn errors
of immunity (mutations in WAS, IFNGRI, STIMI, and TN-
FRSF4) on the development of KS suggest that HHV-8-specific
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inborn errors of immunity may underlie the pathogenesis of the
classic and perhaps even endemic forms of this malignancy in
childhood. We aim to bring attention of the pediatric commu-
nity at large to childhood KS, highlighting that human genetic
studies of both classic (Mediterranean) and endemic (African)
KS of childhood may provide new directions in understanding
the pathogenesis of all epidemiological forms of KS, in children
and adults. This may not only be helpful to patients with KS
and other HHV-8-related diseases, for diagnosis, prognosis, and
therapeutics, but also to patients with other virus-driven cancers.

ACKNOWLEDGMENTS

We thank all members of the laboratory for helpful dis-

cussions. Carolyn C. Jackson is a Damon Runyon Physician-
Scientist supported (in part) by the Damon Runyon Cancer Re-
search Foundation (PST-03-15).

REFERENCES

14.
15.

16.

20.

21.

22.

23.

. Kaposi M. Idiopathisches multiples pigmentsarcom der haut. Arch Dermatol und Syphillis

1872:4:265-273.

. Judde JG, Lacoste V, Briere J, Kassa-Kelembho E, Clyti E, Couppie P, Buchrieser C, Tulliez M,

Morvan J, Gessain A. Monoclonality or oligoclonality of human herpesvirus 8 terminal repeat se-
quences in Kaposi’s sarcoma and other diseases. J Natl Cancer Inst 2000;92:729-736.

. Duprez R, Lacoste V, Briere J, Couppie P, Frances C, Sainte-Marie D, Kassa-Kelembho E, Lando

M1, Essame Oyono JL, Nkegoum B, Hbid O, Mahe A, Lebbe C, Tortevoye P, Huerre M, Gessain
A. Evidence for a multiclonal origin of multicentric advanced lesions of Kaposi sarcoma. J Natl
Cancer Inst 2007;99:1086-1094.

. Russo JJ, Bohenzky RA, Chien MC, Chen J, Yan M, Maddalena D, Parry JP, Peruzzi D,

Edelman IS, Chang Y, Moore PS. Nucleotide sequence of the Kaposi sarcoma-associated her-
pesvirus (HHVS). Proc Natl Acad Sci USA 1996;93:14862-14867.

. Antman K, Chang Y. Kaposi’s sarcoma. N Engl J Med 2000;342:1027-1038.
. Chang Y. Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, Moore PS. Identification

of herpesvirus-like DNA sequences in AIDS-associated Kaposi’s sarcoma. Science 1994;266:1865—
1869.

. Mesri EA, Cesarman E, Boshoff C. Kaposi’s sarcoma and its associated herpesvirus. Nat Rev Can-

cer 2010;10:707-719.

. Bhutani M, Polizzotto MN, Uldrick TS, Yarchoan R. Kaposi sarcoma-associated herpesvirus-

associated malignancies: Epidemiology, pathogenesis, and advances in treatment. Semin Oncol
2015;42:223-246.

. Dittmer DP, Damania B. Kaposi sarcoma associated herpesvirus pathogenesis (KSHV)-an update.

Curr Opin Virol 2013;3:238-244.

. Hosseinipour MC, Sweet KM, Xiong J, Namarika D, Mwafongo A, Nyirenda M, Chiwoko L,

Kamwendo D, Hoffman I, Lee J, Phiri S, Vahrson W, Damania B, Dittmer DP. Viral profiling
identifies multiple subtypes of Kaposi’s sarcoma. MBio 2014;5:¢01633-01614.

Meng YX, Spira TJ, Bhat GJ, Birch CJ, Druce JD, Edlin BR, Edwards R, Gunthel C, Newton
R, Stamey FR, Wood C, Pellett PE. Individuals from North America, Australasia, and Africa are
infected with four different genotypes of human herpesvirus 8. Virology 1999:261:106-119.

. Tornesello ML, Biryahwaho B, Downing R, Hatzakis A, Alessi E, Cusini M, Ruocco V, Katongole-

Mbidde E, Loquercio G, Buonaguro L, Buonaguro FM. Human herpesvirus type 8 variants cir-
culating in Europe, Africa and North America in classic, endemic and epidemic Kaposi’s sarcoma
lesions during pre-AIDS and AIDS era. Virology 2010;398:280-289.

. Zhang YJ, Davis TL, Wang XP, Deng JH, Baillargeon J, Yeh IT, Jenson HB, Gao SJ. Distinct

distribution of rare US genotypes of Kaposi’s sarcoma-associated herpesvirus (KSHV) in South
Texas: Implications for KSHV epidemiology. J Infect Dis 2001;183:125-129.

TARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Lyon, France; 2012.
Pantanowitz L, Otis CN, Dezube BJ. Immunohistochemistry in Kaposi’s sarcoma. Clin Exp Der-
matol 2010;35:68-72.

Hong YK, Foreman K, Shin JW, Hirakawa S, Curry CL, Sage DR, Libermann T, Dezube BJ,
Fingeroth JD, Detmar M. Lymphatic reprogramming of blood vascular endothelium by Kaposi
sarcoma-associated herpesvirus. Nat Genet 2004;36:683-685.

Parravicini C, Chandran B, Corbellino M, Berti E, Paulli M, Moore PS, Chang Y. Differential viral
protein expression in Kaposi’s sarcoma-associated herpesvirus-infected diseases: Kaposi’s sarcoma,
primary effusion lymphoma, and multicentric Castleman’s disease. Am J Pathol 2000;156:743-749.

. 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.

. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J

Clin 2011;61:69-90.

Chagaluka G, Stanley C, Banda K, Depani S, Nijram’madzi J, Katangwe T, Isracls T, Bailey
S, Mukaka M, Molyneux E. Kaposi’s sarcoma in children: An open randomised trial of vin-
cristine, oral etoposide and a combination of vincristine and bleomycin. Eur J Cancer 2014;50:1472—
1481.

Stallone G, Schena A, Infante B, Di Paolo S, Loverre A, Maggio G, Ranieri E, Gesualdo L, Schena
FP, Grandaliano G. Sirolimus for Kaposi’s sarcoma in renal-transplant recipients. N Engl J Med
2005;352:1317-1323.

Riva G, Luppi M, Barozzi P, Forghieri F, Potenza L. How I treat HHV8/KSHV-related diseases in
posttransplant patients. Blood 2012;120:4150-4159.

Stewart S, Jablonowski H, Goebel FD, Arasteh K, Spittle M, Rios A, Aboulafia D, Galleshaw J,
Dezube BJ. Randomized comparative trial of pegylated liposomal doxorubicin versus bleomycin

Pediatr Blood Cancer DOI 10.1002/pbc

24.

25.

26.

27.

28.
29.

30.
. Stein L, Urban M1, O’Connell D, Yu XQ, Beral V, Newton R, Ruff P, Donde B, Hale M, Patel M,

32.

33.

34.

36.
37.
38.
39.
40.

41.

43.

44,

45.

46.

47.
48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

and vincristine in the treatment of AIDS-related Kaposi’s sarcoma. International Pegylated Lipo-
somal Doxorubicin Study Group. J Clin Oncol 1998;16:683-691.

Gill PS, Tulpule A, Espina BM, Cabriales S, Bresnahan J, Ilaw M, Louie S, Gustafson NF, Brown
MA, Orcutt C, Winograd B, Scadden DT. Paclitaxel is safe and effective in the treatment of ad-
vanced AIDS-related Kaposi’s sarcoma. J Clin Oncol 1999;17:1876-1883.

Krown SE, Lee JY, Lin L, Fischl MA, Ambinder R, Von Roenn JH. Interferon-alpha2b with pro-
tease inhibitor-based antiretroviral therapy in patients with AIDS-associated Kaposi sarcoma: An
AIDS malignancy consortium phase I trial. J Acquir Immune Defic Syndr 2006;41:149-153.

Dow DE, Cunningham CK, Buchanan AM. A review of Human Herpesvirus 8, the Kaposi’s
sarcoma-associated herpesvirus, in the pediatric population. J Pediatric Infect Dis Soc 2014;3:66-76.
Amir H, Kaaya EE, Manji KP, Kwesigabo G, Biberfeld P. Kaposi’s sarcoma before and during a
human immunodeficiency virus epidemic in Tanzanian children. Pediatr Infect Dis J 2001;20:518—
521.

De Bruin GP, Stefan DC. Children with kaposi sarcoma in two southern african hospitals: Clinical
presentation, management, and outcome. J Trop Med 2013;2013:213490.

Ziegler JL, Katongole-Mbidde E. Kaposi’s sarcoma in childhood: An analysis of 100 cases from
Uganda and relationship to HIV infection. Int J Cancer 1996;65:200-203.

Stefan DC. Patterns of distribution of childhood cancer in Africa. J Trop Pediatr 2015;61:165-173.

Sitas F. The spectrum of human immunodeficiency virus-associated cancers in a South African
black population: Results from a case-control study, 1995-2004. Int J Cancer 2008;122:2260—
2265.

Ngalamika O, Minhas V, Wood C. Kaposi’s sarcoma at the University Teaching Hospital, Lusaka,
Zambia in the antiretroviral therapy era. Int J Cancer 2015;136:1241-1242.

Andreoni M, El-Sawaf G, Rezza G, Ensoli B, Nicastri E, Ventura L, Ercoli L, Sarmati L, Rocchi
G. High seroprevalence of antibodies to human herpesvirus-8 in Egyptian children: Evidence of
nonsexual transmission. J Natl Cancer Inst 1999;91:465-469.

Gessain A, Mauclere P, van Beveren M, Plancoulaine S, Ayouba A, Essame-Oyono JL, Martin PM,
de The G. Human herpesvirus 8 primary infection occurs during childhood in Cameroon, Central
Africa. Int J Cancer 1999;81:189-192.

. Ensoli B, Sgadari C, Barillari G, Sirianni MC, Sturzl M, Monini P. Biology of Kaposi’s sarcoma.

Eur J Cancer 2001:37:1251-1269.

Plancoulaine S, Abel L, van Beveren M, Tregouet DA, Joubert M, Tortevoye P, de The G, Gessain
A. Human herpesvirus 8 transmission from mother to child and between siblings in an endemic
population. Lancet 2000;356:1062-1065.

Dutz W, Stout AP. Kaposi’s sarcoma in infants and children. Cancer 1960:13:684-694.

Bisceglia M, Amini M, Bosman C. Primary Kaposi’s sarcoma of the lymph node in children. Cancer
1988:61:1715-1718.

Akman ES, Ertem U, Tankal V, Pamir A, Tuncer AM, Uluoglu O. Aggressive Kaposi’s sarcoma in
children: A case report. Turk J Pediatr 1989;31:297-303.

Zurrida S, Agresti R, Cefalo G. Juvenile classic Kaposi’s sarcoma: A report of two cases, one with
family history. Pediatr Hematol Oncol 1994;11:409-416.

Erdem T, Atasoy M, Akdeniz N, Parlak M, Ozdemir S. A juvenile case of classic Kaposi’s sarcoma.
Acta Derm Venereol 1999;79:492-493.

Landau HJ, Poiesz BJ, Dube S, Bogart JA, Weiner LB, Souid AK. Classic Kaposi’s sarcoma as-
sociated with human herpesvirus 8 infection in a 13-year-old male: A case report. Clin Cancer Res
2001:7:2263-2268.

Ferrari A, Casanova M, Bisogno G, Cecchetto G, Meazza C, Gandola L, Garaventa A, Mattke
A, Treuner J, Carli M. Malignant vascular tumors in children and adolescents: A report from the
Italian and German Soft Tissue Sarcoma Cooperative Group. Med Pediatr Oncol 2002;39:109—
114.

Camcioglu Y, Picard C, Lacoste V., Dupuis S, Akcakaya N, Cokura H, Kaner G, Demirkesen C,
Plancoulaine S, Emile JF, Gessain A, Casanova JL. HHV-8-associated Kaposi sarcoma in a child
with IFNgammaR 1 deficiency. J Pediatr 2004;144:519-523.

Sahin G, Palanduz A, Aydogan G, Cassar O, Ertem AU, Telhan L, Canpolat N, Jouanguy E, Picard
C, Gessain A, Abel L, Casanova JL, Plancoulaine S. Classic Kaposi sarcoma in 3 unrelated Turkish
children born to consanguineous kindreds. Pediatrics 2010;125:¢704-708.

Picard C, Mellouli F, Duprez R, Chedeville G, Neven B, Fraitag S, Delaunay J, Le Deist F, Fischer
A, Blanche S, Bodemer C, Gessain A, Casanova JL, Bejaoui M. Kaposi’s sarcoma in a child with
Wiskott-Aldrich syndrome. Eur J Pediatr 2006;165:453-457.

Cakir FB, Cakir E, Tuzuner N, Kut A. Classic kaposi sarcoma with pulmonary involvement mim-
icking endobronchial tuberculosis in a child. Pediatr Pulmonol 2013;48:310-312.

Caponetti G, Dezube BJ, Restrepo CS, Pantanowitz L. Kaposi sarcoma of the musculoskeletal sys-
tem: A review of 66 patients. Cancer 2007;109:1040-1052.

Dilnur P, Katano H, Wang ZH, Osakabe Y, Kudo M, Sata T, Ebihara Y. Classic type of
Kaposi’s sarcoma and human herpesvirus 8 infection in Xinjiang, China. Pathol Int 2001:51:
845-852.

Kalkan G, Akbay G, Gungor E, Eken A, Ozkaya O, Kutzner H, Eksioglu M. A case of
classic Kaposi sarcoma in a l1-year-old male. Indian J Dermatol Venereol Leprol 2011:77:
730.

Le J, Gantt S, Practice ASTIDCo. Human herpesvirus 6, 7 and 8 in solid organ transplantation.
Am J Transplant 2013;13 (Suppl 4):128-137.

Taylor MM, Chohan B, Lavreys L, Hassan W, Huang ML, Corey L, Ashley Morrow R,
Richardson BA, Mandaliya K, Ndinya-Achola J, Bwayo J, Kreiss J. Shedding of human herpesvirus
8 in oral and genital secretions from HIV-1-seropositive and -seronegative Kenyan women. J Infect
Dis 2004;190:484-488.

Mantina H, Kankasa C, Klaskala W, Brayfield B, Campbell J, Du Q, Bhat G, Kasolo F,
Mitchell C, Wood C. Vertical transmission of Kaposi’s sarcoma-associated herpesvirus. Int J Cancer
2001:94:749-752.

Dedicoat M, Newton R, Alkharsah KR, Sheldon J, Szabados 1, Ndlovu B, Page T, Casabonne D,
Gilks CF, Cassol SA, Whitby D, Schulz TF. Mother-to-child transmission of human herpesvirus-8
in South Africa. J Infect Dis 2004;190:1068-1075.

Hladik W, Dollard SC, Mermin J, Fowlkes AL, Downing R, Amin MM, Banage F, Nzaro E,
Kataaha P, Dondero TJ, Pellett PE, Lackritz EM. Transmission of human herpesvirus 8 by blood
transfusion. N Engl J Med 2006;355:1331-1338.

Cox CM, El-Mallawany NK, Kabue M, Kovarik C, Schutze GE, Kazembe PN, Mehta PS. Clinical
characteristics and outcomes of HIV-infected children diagnosed with Kaposi sarcoma in Malawi
and Botswana. Pediatr Blood Cancer 2013:60:1274-1280.

Celtik C, Unuvar A, Aydogan A, Gokee S, Ozturk G, Gulluoglu M, Yilmaz G, Turkoglu S, Anak
S, Sokucu S, Durmaz O. Human herpes virus type 8-associated Kaposi sarcoma in a pediatric liver
transplant recipient. Pediatr Transplant 2011;15:E100-104.

Abbas AA, Jastaniah WA Extensive gingival and respiratory tract Kaposi sarcoma in a child after
allogenic hematopoietic stem cell transplantation. J Pediatr Hematol Oncol 2012;34:¢53-55.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Malla I, Perez C, Cheang Y, Silva M. Human herpesvirus 8 related Kaposi’s sarcoma in a pediatric
liver transplant recipient: Case report. Arch Argent Pediatr 2013;111:450-453.

Sala I, Faraci M, Magnano GM, Sementa A, di Marco E, Garaventa A, Micalizzi C, Lanino E,
Morreale G, Moroni C, Castagnola E. HHV-8-related visceral Kaposi’s sarcoma following al-
logeneic HSCT: Report of a pediatric case and literature review. Pediatr Transplant 2011;15:
E8-11.

Varela-Fascinetto G, Hernandez-Plata JA, Nieto-Zermeno J, Alcantar-Fierros JM, Fuentes-Garcia
V, Castaneda-Martinez P, Valencia-Mayoral P, Salgado-Ramirez JM. Pediatric liver transplant
program at Hospital Infantil de Mexico Federico Gomez. Rev Invest Clin 2011;63 (Suppl 1):
57-61.

Andreoni M, Sarmati L, Nicastri E, El Sawaf G, El Zalabani M, Uccella I, Bugarini R, Parisi
SG, Rezza G. Primary human herpesvirus 8 infection in immunocompetent children. JAMA
2002;287:1295-1300.

Luppi M, Barozzi P, Schulz TF, Setti G, Staskus K, Trovato R, Narni F, Donelli A, Maiorana
A, Marasca R, Sandrini S, Torelli G. Bone marrow failure associated with human herpesvirus 8
infection after transplantation. N Engl J Med 2000;343:1378-1385.

Anglemyer A, Agrawal AK, Rutherford GW. Treatment of Kaposi sarcoma in children with HIV-1
infection. Cochrane Database Syst Rev 2014;1:CD009826.

Vaz P, Macassa E, Jani I, Thome B, Mahagaja E, Madede T, Muando V, Biberfeld G,
Anderson S, Blanche S. Treatment of Kaposi sarcoma in human immunodeficiency virus-1-infected
Mozambican children with antiretroviral drugs and chemotherapy. Pediatr Infect Dis J 2011;30:891—
893.

Gantt S, Kakuru A, Wald A, Walusansa V, Corey L, Casper C, Orem J. Clinical presentation and
outcome of epidemic Kaposi sarcoma in Ugandan children. Pediatr Blood Cancer 2010;54:670-
674.

Molyneux E, Davidson A, Orem J, Hesseling P, Balagadde-Kambugu J, Githanga J, Israels T. The
management of children with Kaposi sarcoma in resource limited settings. Pediatr Blood Cancer
2013;60:538-542.

Stefan DC, Stones DK, Wainwright L, Newton R. Kaposi sarcoma in South African children. Pe-
diatr Blood Cancer 2011;56:392-396.

Yuksekkaya HA, Arikan C, Yazici A, Baran M, Aydogdu S, Kilic M. Successful treatment of a
child having generalized Kaposi’s sarcoma after living donor liver transplantation with conversion
to sirolimus. Pediatr Transplant 2009;13:375-378.

Pediatr Blood Cancer DOI 10.1002/pbc

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kaposi Sarcoma of Childhood 397

Byun M, Abhyankar A, Lelarge V, Plancoulaine S, Palanduz A, Telhan L, Boisson B, Picard C,
Dewell S, Zhao C, Jouanguy E, Feske S, Abel L, Casanova JL. Whole-exome sequencing-based dis-
covery of STIM1 deficiency in a child with fatal classic Kaposi sarcoma. J Exp Med 2010;207:2307—
2312.

Byun M, Ma CS, Akcay A, Pedergnana V, Palendira U, Myoung J, Avery DT, Liu Y, Ab-
hyankar A, Lorenzo L, Schmidt M, Lim HK, Cassar O, Migaud M, Rozenberg F, Canpo-
lat N, Aydogan G, Fleckenstein B, Bustamante J, Picard C, Gessain A, Jouanguy E, Cesar-
man E, Olivier M, Gros P, Abel L, Croft M, Tangye SG, Casanova JL. Inherited human
0X40 deficiency underlying classic Kaposi sarcoma of childhood. J Exp Med 2013;210:1743—
1759.

D’Orazio JA. Inherited cancer syndromes in children and young adults. J Pediatr Hematol Oncol
2010:32:195-228.

Casanova JL, Abel L. The genetic theory of infectious diseases: A brief history and selected illus-
trations. Annu Rev Genomics Hum Genet 2013:14:215-243.

Ciancanelli MJ, Huang SX, Luthra P, Garner H, Itan Y, Volpi S, Lafaille FG, Trouillet C,
Schmolke M, Albrecht RA, Israelsson E, Lim HK, Casadio M, Hermesh T, Lorenzo L, Leung LW,
Pedergnana V, Boisson B, Okada S, Picard C, Ringuier B, Troussier F, Chaussabel D, Abel L, Pellier
1, Notarangelo LD, Garcia-Sastre A, Basler CF, Geissmann F, Zhang SY, Snoeck HW, Casanova
JL. Life-threatening influenza and impaired interferon amplification in human IRF7 deficiency. Sci-
ence 2015.

Crequer A, Picard C, Pedergnana V, Lim A, Zhang SY, Abel L, Majewski S, Casanova JL,
Jablonska S, Orth G, Jouanguy E. EVER?2 deficiency is associated with mild T-cell abnormalities. J
Clin Immunol 2013;33:14-21.

Crequer A, Troeger A, Patin E, Ma CS, Picard C, Pedergnana V, Fieschi C, Lim A, Abhyankar
A, Gineau L, Mueller-Fleckenstein I, Schmidt M, Taieb A, Krueger J, Abel L, Tangye SG, Orth
G, Williams DA, Casanova JL, Jouanguy E. Human RHOH deficiency causes T cell defects and
susceptibility to EV-HPV infections. J Clin Invest 2012;122:3239-3247.

Orth G. Host defenses against human papillomaviruses: Lessons from epidermodysplasia verruci-
formis. Curr Top Microbiol Immunol 2008;321:59-83.

Casanova JL, Conley ME, Seligman SJ, Abel L, Notarangelo LD. Guidelines for genetic studies in
single patients: Lessons from primary immunodeficiencies. J Exp Med 2014;211:2137-2149.
Snyder MW, Adey A, Kitzman JO, Shendure J. Haplotype-resolved genome sequencing: Experi-
mental methods and applications. Nat Rev Genet 2015;16:344-358.



