Pediatric Health, Medicine and Therapeutics

Dove

REVIEW

Pediatric Kaposi sarcoma in context of the
HIV epidemic in sub-Saharan Africa: current

perspectives

Nader Kim El-Mallawany'?
Casey L McAtee'?

Liane R Campbell®

Peter N Kazembe*®

'Department of Pediatrics, Section

of Hematology and Oncology, Baylor
College of Medicine, Houston, TX,
USA; 2Texas Children’s Cancer and
Hematology Centers, Houston, TX,
USA; *Department of Pediatrics,
Baylor College of Medicine
Children’s Foundation Tanzania,
Baylor International Pediatric AIDS
Initiative at Texas Children’s Hospital,
Mbeya, Tanzania; “Department of
Pediatrics, Baylor College of Medicine
Children’s Foundation Malawi, Baylor
International Pediatric AIDS Initiative
at Texas Children’s Hospital, Lilongwe,
Malawi; *Department of Pediatrics,
Kamuzu Central Hospital, Lilongwe,
Malawi

Correspondence: Nader Kim
El-Mallawany

Texas Children’s Cancer and Hematology
Centers, Baylor College of Medicine,
Global HOPE (Hematology-Oncology
Pediatric Excellence), | 102 Bates Street,
Feigin Tower, Suite 1030, Houston, TX
77030, USA

Tel +1 8328247110

Fax +1 832 825 1198

Email nader.el-mallawany@bcm.edu

This article was published in the following Dove Press journal:
Pediatric Health, Medicine and Therapeutics

Abstract: The global experience with pediatric Kaposi sarcoma (KS) has evolved immensely
since the onset of HIV (human immunodeficiency virus). In this review, current perspectives
on childhood KS are discussed in the context of the HIV epidemic in sub-Saharan Africa.
Endemic (HIV-unrelated) KS was first described over 50 years ago in central and eastern Africa,
regions where human herpesvirus-8, the causative agent of KS, is endemic. With the alarming
rise in HIV prevalence over the past few decades, KS has become not only the most common
HIV-related malignancy in Africa, but also one of the most common overall childhood cancers
throughout the central, eastern, and southern regions of the continent. The unique clinical features
of pediatric KS that were described in those early endemic KS reports have been re-affirmed by
the contemporary experience with HIV-related KS. These characteristics include a predilection
for primary lymph node involvement, significant proportions of patients lacking prototypical
cutaneous lesions, and the potential for fulminant disease progression. Other clinical features that
distinguish childhood KS from adult disease include disease presentation with severe cytopenias,
and the common occurrence of childhood KS without severe CD4 count suppression. Distinct
clinical heterogeneity in disease presentation and treatment response have been demonstrated.
Long-term complete remission and event-free survival can be achieved—especially in children
with lymphadenopathic KS—utilizing treatment with antiretroviral therapy plus mild-moderate
chemotherapy regimens that are well tolerated, even in low-income settings. A pediatric-specific
staging classification and risk-stratification platform have been retrospectively validated, and may
help guide therapeutic strategies. With expansion of the HIV treatment infrastructure throughout
Africa, coupled with recent developments in establishing comprehensive pediatric oncology
programs, there is great potential for improving outcomes for children with KS. Increased
awareness of the unique clinical nuances and collaborative evaluations of pediatric-specific
treatment paradigms are required to optimize survival for children with KS.
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Introduction

Although four epidemiologic variants of Kaposi sarcoma (KS) have been established,
childhood KS primarily occurs as either endemic (HIV-unrelated) or epidemic (HIV-
related) disease. Endemic KS was originally described over 50 years ago in eastern and
central Africa,' the region where the causative agent for KS, human herpesvirus-8
(HHV-8)/KS-associated herpesvirus (KSHV), is endemic.>¢ Decades later, the onset
of the HIV epidemic catapulted KS into becoming one of the most common overall
childhood cancers in regions of Africa with high HHV-8 and HIV prevalence rates.”®
The two other epidemiologic variants of KS are exceedingly rare in children; classic
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KS primarily occurs in the elderly population of the Mediter-
ranean region, while the occurrence of transplantation-related
KS in children is restricted to case reports.”!® This review
will focus on HIV-related pediatric KS in the contextual
backdrop of'its occurrence in a region where endemic disease
was originally described.

The devastation of widespread HIV infection has been
most pronounced in sub-Saharan Africa. This imbalance is
even more emphatic in children; the 2016 UNAIDS report
reveals that 90% of the world’s two million children living
with HIV reside in sub-Saharan Africa. The overwhelming
prevalence of HIV in a region where HHV-8 is endemic
explains the staggering discrepancy in KS incidence in
HIV-infected children globally.!' In the pre-antiretroviral
therapy (ART) era in the US and Europe, there were merely
14 cases of childhood KS reported over a 20-year span of
multiple HIV-cancer registries.’>!” In comparison, several
reports describing relatively large cohorts of children and
adolescents with KS in sub-Saharan Africa have been pub-
lished in the last decade.'®?** Ultimately, KS has become
one of the most common pediatric malignancies in central,
eastern, and southern Africa.® Increased awareness of its
unique clinical characteristics and therapeutic response is
vital in the quest to improve overall outcomes for children
with cancer throughout the region.

Epidemiology

In the late 19th and early 20th century, KS existed in the
literature as a rare malignancy throughout central-eastern
Europe and the Mediterranean region.! The first pediatric
case was described in a 5-year-old Italian boy by de Amicis in
1882.82 Case reports that followed included children of Asian,
European, Middle-Eastern, and African descent, describing
a rare but global disease.!*>?

By the middle of the 20th century, it became clear that
KS clustered in a belt of countries, moving across the equator
from central into southern Africa.’#?” Even prior to the HIV
pandemic, the incidence of KS in Uganda was three times that
of Europe, carrying an annual incidence of 3.7 per 100,000
persons.?*?2 In the region stretching across the Democratic
Republic of Congo, western Uganda, and Tanzania, lifetime
incidence of KS reached as high as 16 per 1,000.3%3!

With the arrival of HIV in the late 20" century, the global
incidence of KS increased multiple times over. In Uganda,
annual incidence of KS in males increased over 10-fold from
1960 to 1990.2° Pediatric KS increased dramatically in those
regions where KS was previously endemic.** An incidence
as high as 59/100,000 has been reported across Botswana,

Malawi, Lesotho, Zimbabwe, Mozambique, South Africa,
and Zambia.*

Although HIV infection plays a major role, the relative
incidence of KS generally corresponds with the seropreva-
lence of HHV-8, demonstrating significant geographic varia-
tion worldwide.>*3+37 This should be expected considering
the known role of HHV-8 in KS oncogenesis.’® HHV-8 is
typically transmitted by saliva, and, in the case of children,
by food and drink-sharing within households.* In high-
prevalence areas, seroprevalence increases with age.>*%4 In
Uganda, HHV-8 is detected in 23% of 3—5 year olds, 32% of
children aged 10-13, and 50% of adults over 50.>* HHV-8
prevalence is low in children in areas where pediatric KS
is rare, such as the US and northern Europe, where HHV-8
is detected in 1-6% of children.>*! In comparison, HHV-8
prevalence is intermediate in the Mediterranean region.’ It is
important to note that HHV-8 prevalence varies widely across
Africa as well, with the highest rates occurring in central and
eastern Africa.**4

Endemic, HIV-negative KS remains prevalent in the
regions where it pre-dated HIV. Prevalence of HIV negative
patients among pediatric KS cases ranges from 10-14% in
Malawi to 22% in Uganda.”?224434 Qutside of Africa, HIV-
unrelated pediatric KS in the form of transplantation-related
and classic disease is extremely rare and has been reported
in fewer than 50 patients.*

For reasons that are unknown, KS is more common in
males than in females.'?** The difference in male versus
female incidence is much more pronounced in HIV-negative
adults, with a male predominance ranging from 10-20:1.2634
In HIV negative children, the male-to-female ratio ranges
from 2—7:1.1222444 The ratio in HIV positive children is
tighter, though it still favors males by as much as 2.5:1, and
may be closer to 1:1 in some settings.'®**'"** The underlying
innate risk factor for endemic KS is as yet unknown, but the
male predominance suggests a possible sex-linked genetic
predisposition.

Precise and accurate estimation of the disease burden of
pediatric KS is challenging due to a paucity of population-
based studies, few hospital registries in endemic regions,
under-reporting, and potential misdiagnosis. In a review of
pediatric-specific epidemiological studies of KS in Africa, 15
studies published since 1970 were identified. These studies
included population-based estimates of pediatric KS, and the
reported incidence varied widely.>? For example, estimates
of KS incidence in Kampala, Uganda through the 1990s
ranged from 5-160 cases per 100,000 children, and in Lusaka,
Zambia from 0.05-75.7 cases per 100,000 children during the
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1980s.264648 Methods of patient registration and identification
of KS cases vary across studies, and comparisons between
them should be made with discretion.

The Kampala Cancer Registry of Uganda, established in
1954, offers valuable insight into the incidence of KS before
and throughout the HIV epidemic. The registry reported an
annual incidence of pediatric KS of 2.5 per million children
from 1960-1971, increasing over 20-fold to 55.8 per mil-
lion children from 1991-1997.2¢ There is some evidence to
suggest a decrease in pediatric KS incidence since its peak
in the early 1990s, a phenomenon seen in children within
high-income countries as well as in African adults, all likely
secondary to increased utilization of ART.* In another study
from Kampala, investigators reported a fall in pediatric KS
incidence from a peak of 62.6 per million in the early 1990s
to 44.6 per million in the early 2000s.*® However, as the
pediatric HIV treatment and care infrastructure has expanded,
and awareness of pediatric KS has increased, trends have
also demonstrated increasing rates of new childhood KS
diagnoses, despite increased access to ART in Malawi.*!
Ultimately, KS is among the top three most-common child-
hood malignancies overall in numerous countries in central,
eastern, and southern Africa, where it carries a disease burden
greater than that of childhood acute lymphoblastic leukemia
il'l the US.8,34,43,50,52

Clinical characteristics

From the original reports of endemic KS in Africa, it
was clear that the clinical manifestations in children were
distinctly different from those seen in adults.>* Clinical
descriptions of adult KS are characterized by widely rec-
ognized features—hyperpigmented skin and oral lesions,
woody edema, and visceral disease.>>** In contrast, the early
descriptions of endemic KS in children offered striking pho-
tographic representations of KS presenting primarily with
massive lymphadenopathy (Figure 1).>* The unique features
of endemic KS in children included the predominance of
lymph node involvement, rapid progression of disease in the
absence of treatment, and a significant percentage of patients
presenting without prototypical cutaneous lesions.**

As the contemporary experience with HIV-related pedi-
atric KS in Africa has evolved, it has become increasingly
clear that the early descriptions of endemic childhood KS
are reproducible decades later. Recently published data from
HHV-8 endemic regions with high HIV prevalence dem-
onstrate high rates of lymphadenopathic KS, ranging from
52-93% in pediatric KS cohorts from Uganda, Malawi,
and Mozambique (Table 1).!31921-2% Ag the awareness of
lymphadenopathic KS has increased, it appears that the

Figure | Photographic representations of lymphadenopathic Kaposi sarcoma.
Notes: The typical bulging, massive lymphadenopathy characteristic of
lymphadenopathic Kaposi sarcoma is demonstrated in these photographs. Reprinted
by permission from Springer Nature: Springer Nature, Br | Cancer. *Childhood
Kaposi’s sarcoma: clinical features and therapy, Olweny CL, Kaddumukasa A, Atine
I, Owor R, Magrath |, Ziegler JL, ©1976;33(5):555-560.

recognition of its clinical presentation has resulted in even
higher proportions of lymph node disease. The three most
recent publications have reported lymphadenopathy to be
the most common clinical presentation of childhood K S.22-24
It is important to point out that, in the recent cohort from
Lilongwe, Malawi, 26% of all patients presented primarily
with lymphadenopathy in the absence of prototypical skin,
oral, or woody edema manifestations.? The majority (72%)
of the lymphadenopathy-only patients were diagnosed
definitively by biopsy, providing compelling evidence re-
affirming the early observations of childhood KS made
50 years ago.

The anatomical sites of involvement in pediatric KS have
been previously defined and are described briefly here.
Lymph node KS is characteristically firm and non-tender;
involved nodes tend to be bulging, with diameters greater
than 2 cm, and often much larger. They are distinctly differ-
ent from the shoddy, soft, raisin-sized lymph nodes that are
typically seen in the setting of an infectious illness, and/or
as a manifestation of HIV-associated generalized lymphade-
nopathy. Hyperpigmented skin lesions are typically raised
papular lesions, but flat macules can also occur. Oral mucosal
lesions can be flat or nodular, and, although typically found
on the palate, can present anywhere in the oral mucosa.
Woody edema is characteristically firm and resembles the
texture of tree bark. It typically presents in the extremi-
ties, but can occur in the inguinal and pubic region as well.
Flesh-colored subcutaneous nodules are characteristically
not hyperpigmented, and are located distinctly beneath the
skin. They are either movable isolated nodules, or clusters
of fibrous lesions associated with underlying woody edema.
Some patients present with facial edema that is typically soft,
peri-orbital, and distinct from woody edema. Other types of
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Table | Comparison of clinical features among pediatric KS cohorts in Africa

Location Years n Median age LN involvement Skin involvement CD4 count
Uganda/Tanzania 1957-1965 51 10 years 53% 53% n/a

Uganda 1968-1975 12 8 years 83% 17% nfa

Uganda 20042007 73 10.1 years 60% 48% median 210
Mozambique 2003-2008 28 8.3 years (mean) 61% 82% 43% were 10
Malawi/Botswana 2003-2009 82 8 years 52% 83% median 297
South Africa 2005-2009 70 6.1 years (mean) 30% 57% mean 440
Blantyre, Malawi 2009-2012 91 8 years (mean) 73% 56% median 354
Lilongwe, Malawi 20102013 70 8.6 years 74% 59% median 368
Mbeya, Tanzania 20112014 34 1.5 years 59% 56% 76% were 10
Blantyre, Malawi 20122015 56 8 years 93% 93% median 401

Abbreviations: KS, Kaposi sarcoma; LN, lymph node; n/a, not applicable; 10, Immune Status 0 in the AIDS Clinical Trial Group TIS staging classification.

lesions that can occur, albeit less frequently, are exophytic
or pedunculated masses and hyperpigmented lesions of the
eye (conjunctiva).

Visceral disease can present in the lungs or the organs of
the abdominal cavity. Because definitive diagnosis is estab-
lished via bronchoscopy or endoscopy of the gastrointestinal
(GI) tract, diagnosing visceral KS can be challenging in
low- and middle-income countries where these procedural
modalities are lacking.?® Pulmonary KS typically presents
either with serosanguineous pleural effusions, or with paren-
chymal disease that can appear as reticulo-nodular infiltrates
on a chest X-ray. Patients may present in overt respiratory
distress or be asymptomatic; therefore, staging chest X-rays
are important to obtain for all patients diagnosed with KS.
A high index of suspicion should be maintained in patients
with upper airway obstruction that improves after the initia-
tion of chemotherapy, as this may indicate the presence of
upper airway KS lesions. Visceral disease in the abdominal
cavity presents either in the form of GI disease (with lower
GI bleeding) or as severe ascites. Upper GI KS can present
with dysphagia, and, in the absence of endoscopy, a high
index of clinical suspicion must be maintained in patients
who present with dysphagia that improves after the initiation
of chemotherapy.? Presentation with visceral disease only,
in the absence of any other KS lesions, is relatively difficult
to establish in low-income countries.

The clinical signs of visceral KS can overlap with and
mimic other opportunistic illnesses. For example, pulmonary
tuberculosis and pulmonary KS are challenging to differen-
tiate with limitations in diagnostic resources. Similarly, GI
bleeding can occur from both infectious illnesses and GI
KS. Therefore, empiric treatment with anti-bacterial, anti-
tuberculosis, and anti-parasitic agents is often indicated.
In such scenarios, the diagnosis of visceral involvement in
children with KS can be a process of exclusion, and is often

re-affirmed after failure of these empiric anti-microbial
treatments plus apparent improvement in symptoms after
initiation of chemotherapy.

Generally, the authors place great emphasis on lymph-
adenopathic KS in children to increase awareness of this
less well-appreciated phenomenon, as missed diagnoses
commonly occur. Most general clinicians presume that
lymphadenopathy in HIV-infected children is related to
tuberculosis or other bacterial infection, a clinical manifes-
tation of lymphoma, or represents HIV-associated general-
ized lymphadenopathy. Consequently, many patients are
eventually diagnosed with lymph node KS after considerable
delay—after having initiated ART and having failed empiric
anti-bacterial and anti-tuberculosis treatment. Therefore, it
is important to maintain a high index of suspicion for the
diagnosis of KS in HIV-infected children presenting with
persistent lymphadenopathy.

It is likewise important to recognize that childhood KS
can present in the prototypical fashion that is more commonly
recognized in adults i.e., with hyperpigmented skin and oral
lesions, woody edema, and visceral disease. Hyperpigmented
skin lesions are commonly reported, with rates of cutaneous
involvement as high as 82-93% in some cohorts,'*'* but as
low as 48-59% in others (Table 1).#222* Clinical presenta-
tion with woody edema tends to occur in older children and
adolescents, while lymph node involvement is associated
with younger age, especially in the HHV-8 endemic regions
of eastern and central Africa.'3?' Interestingly, data from
South Africa, where childhood HHV-8 infection rates are
significantly lower than in eastern Africa,*** revealed a much
lower percentage (30%) of patients with the lymphadeno-
pathic sub-type, suggesting that regional variation may occur
depending on the endemic nature of HHV-8.2

Peripheral blood cytopenias are another unique feature
of childhood KS and are relatively common at the time of
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presentation.”’?* The extent of such cytopenias can be quite
severe, with some patients presenting with life-threatening
anemia and/or symptomatic thrombocytopenia. Although
peripheral blood count analyses have not been systematically
reported in all of the pediatric KS cohorts from Africa, data
from Lilongwe and Blantyre, Malawi demonstrate the sever-
ity of these cytopenias. In the earlier cohort from Lilongwe,
29% of patients presented with hemoglobin <7 g/dL and 30%
with platelet count <100x10°/L.2! In the more recent cohort,
37% presented with hemoglobin <8 g/dL, while 28% had a
platelet count <100x10°%L.?* In the two recently published
cohorts from Blantyre, the low end of the interquartile
range for platelet count was 66 and 76x10°L, respectively,
indicating that at least 25% of both cohorts presented with
significant thrombocytopenia.?>** Although anemia has been
reported in African adults with KS, it is rare to find descrip-
tions of severe thrombocytopenia.*® Although comprehensive
bone marrow evaluations have not been performed in children
with KS, the authors theorize that the cytopenias in KS are not
due to malignant infiltration of the marrow, but rather second-
ary to bone marrow suppression from the systemic effects
of KS and the underlying HHV-8 infection. This theory is
derived from the analogous phenomenon described in two
other HHV-8 related malignancies—multicentric Castle-
man disease (MCD) and the KSHV inflammatory cytokine
syndrome (KICS)—and discussed further in the section on
HHV-8 virologic considerations.> It is important to point
out that these severe cytopenias improved promptly after the
initiation of chemotherapy in the recent cohort from Lilon-
gwe, with 88% of patients having achieved resolution of their
severe thrombocytopenia within 2 weeks of the first dose of
chemotherapy (without the aid of transfusion).?

An additional nuance of childhood KS is that CD4 counts
are often not severely suppressed—defying common concep-
tions of HIV-related disease in adults. A multi-center study
from South Africa and the more recent Malawian cohorts
have demonstrated median/mean CD4 counts ranging from
354-440 cells/mm?, indicating that the majority of patients
developed KS despite not having a severely suppressed CD4
count (Table 1).2%222* The authors hypothesize that intrin-
sic compromise of qualitative T-cell function in children
vertically-infected with HIV render them vulnerable to the
oncologic complications of HHV-8 infection, regardless of
their quantitative CD4 count. In contrast, adults living in
HHV-8 endemic regions will have likely experienced HHV-8
infection during childhood.*®® In theory, these adults would
have already developed an effective immune response to
HHV-8 during childhood and would require HIV-induced

immune dysfunction to enable the potential for secondary
reactivation of HHV-8. This would be mechanistically distinct
from an HIV-infected child who experiences primary HHV-8
infection with a naive and impaired immune system, and
potentially contributes to the distinctions between pediatric
and adult KS.

Treatment outcomes

Reports on the treatment of pediatric KS in sub-Saharan
Africa have primarily highlighted outcomes for patients
receiving chemotherapy plus ART.!32%! While the success
of ART alone for adult KS patients with limited disease has
been well documented in the US and Europe,*® the experi-
ence with adult and pediatric KS appears to be different in
Africa.%% Whether this is due to inherent biological differ-
ences of KS in Africa, or the tendency for KS in Africa to
present as advanced-stage disease, or both, remains unclear.
Nonetheless, the authors have observed that pediatric KS
in HHV-8 endemic regions uncommonly presents with
limited disease.*® In reviewing the pediatric KS data from
sub-Saharan Africa, only three of the seven major published
cohorts reported any long-term survivors after treatment
with ART alone—in two patients out of 73 from Uganda,
one out of 70 from the South African cohort, and seven
out of 82 from the combined Malawi/Botswana experience
(Table 2).132021 So, while success has been reported for chil-
dren with KS treated with ART alone, it is in strikingly few
patients, suggesting that the vast majority of children will
require chemotherapy plus ART.

A combination of multiple additional factors further con-
tributes to the rationale that ART alone is insufficient therapy
for the majority of children with KS. During the early years
of the ART experience in Africa, mortality rates reached
approximately 60% (Table 2).'8222 While the improved
outcomes of more recent cohorts (with overall survival in
the 60% range) are potentially rooted in multiple factors, it is
important to recognize that the development of systematic KS
treatment programs providing both ART and chemotherapy
has produced improved outcomes, despite including very
sick patients.”** For example, in a recent pediatric KS cohort
from Mbeya, Tanzania, 76% of patients met criteria for World
Health Organization-defined severe immunosuppression at
diagnosis, and 38% had severe acute malnutrition. Despite the
complexity of patients in this cohort of 34 children receiving
treatment with ART plus chemotherapy, 71% survived with
a median follow-up of 26 months.%

Additionally, in the era of increasing availability of ART
in sub-Saharan Africa, more recent cohorts have included
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Table 2 Comparison of treatment outcomes among pediatric KS cohorts in Africa

Location Years n On ART at time of Approximate Survivors with
KS diagnosis overall survival ART alone, n (%)

Uganda 2004-2007 73 11% unclear 2(3)

Mozambique 2003-2008 28 0% 71% 0

Malawi/Botswana 2003-2009 82 27% 43% 709

South Africa 2005-2009 70 20% 40% ()

Blantyre, Malawi 2009-2012 91 54% 40% 0

Lilongwe, Malawi 2010-2013 70 49% 58% 0

Mbeya, Tanzania 20112014 34 71% 71% 0

Blantyre, Malawi 2012-2015 56 77% 59% 0

Abbreviations: KS, Kaposi sarcoma; ART, antiretroviral therapy.

high numbers of patients (ranging from 49—77%) diagnosed
with KS, despite already being on ART (Table 2).22245 While
some patients develop KS in the scenario of an immune
reconstitution inflammatory syndrome phenomenon,®’ the
summarized published experience with HI V-related pediatric
KS in Africa demonstrates that ART alone rarely provides
adequate treatment. Moreover, the authors anecdotal experi-
ence in Malawi and Tanzania re-affirms the early observations
of children with endemic KS from 50 years ago—that in the
absence of chemotherapy, the majority of patients will experi-
ence disease progression, that at times can be fulminant.>*

While various chemotherapy regimens have been utilized
in the treatment of pediatric KS in Africa, a universal standard
has not been established.®! Liposomal doxorubicin is widely
accepted as the standard first-line chemotherapeutic option
for the treatment of adult KS in high-income countries;
however, due to its prohibitive cost, it is not available in
low-income settings in Africa.®“*% The chemotherapeutic
agents that have been described for the treatment of pediatric
KS in Africa include bleomycin, vincristine, standard doxo-
rubicin, etoposide, and paclitaxel—either as monotherapy
or in various combinations.!®?* As previously mentioned,
the more recent cohorts have reported improved treatment
outcomes, but the better survival rates are probably attribut-
able to multiple contributing factors rather than inherent
differences in the chemotherapy regimens. Improvements in
the overall pediatric HIV treatment infrastructure, supportive
care capacity, ancillary services that support the diagnosis
and treatment of childhood cancer in Africa, and increased
awareness of the clinical presentation of pediatric KS are
among the important factors that have contributed to overall
improved outcomes. While a comparison of heterogeneous
cohorts across Africa and the various treatment outcomes
reported may not agree on a single universal treatment
approach, there is a common need to identify safe but effec-
tive regimens that minimize the treatment toxicity in complex
immunosuppressed patients.5!

The original chemotherapeutic approach to KS in Malawi
was vincristine monotherapy; this decision was based upon
the limited availability of chemotherapy, as well as the safety
profile of a non-myelosuppressive agent like vincristine in
the setting of limited capacity to deliver complex oncology
care in HIV-infected patients. However, the early experi-
ence with vincristine monotherapy demonstrated its relative
inefficacy and resulted in the search for improved chemo-
therapeutic options, leading to the combination regimen of
bleomycin and vincristine (BV).?2¢ BV offered a reasonable
and practical alternative, being a minimally myelosuppres-
sive regimen that could be administered in an outpatient
setting without the extensive supportive care resources that
are commonly required for the majority of chemotherapy
regimens utilized in pediatric oncology centers in high-
income countries. Based upon the favorable experience
with BV early on, it became the standard regimen for the
pediatric KS treatment programs in Lilongwe, Malawi and
Mbeya, Tanzania.?' %

As the pediatric KS experience in Lilongwe and Mbeya
evolved, it became apparent that, while BV was safe and
produced excellent long-term outcomes in some patients, it
was inadequate to prevent KS-related mortality in others.?!
A retrospective evaluation of the clinical factors associated
with event-free survival (EFS) and overall survival (OS) in
70 pediatric KS patients in Lilongwe determined distinct
findings.? A significant favorable association was observed
between lymphadenopathic KS and both improved EFS and
0OS.% This contrasted dramatically with children having
visceral KS or disseminated skin/oral disease (defined as
having >20 hyperpigmented skin/oral lesions with wide-
spread distribution), who demonstrated an increased risk for
mortality and a failure to achieve EFS.?* Woody edema was
associated with increased risk for failure to achieve EFS, but
without increased mortality.” Overall, BV was well tolerated,
with 18.6% of patients developing grade 4 neutropenia, and
without incidence of grade 3 or 4 thrombocytopenia—an
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important factor for clinical sites with limited access to
platelet transfusions. The overall treatment-related mortality
was 7%, which compared favorably to the 10% treatment-
related mortality among all pediatric oncology patients
in Lilongwe, establishing BV as a relatively safe first-line
chemotherapeutic option.?**

Based upon the spectrum of distinct clinical pheno-
types observed in pediatric KS patients, a risk-stratification
platform was proposed with the ultimate goal of guiding
treatment strategies. The Lilongwe Pediatric KS Staging
Classification was derived from the aforementioned analyses
of clinical risk factors differentiating four clinical groups
with distinct prognostic patterns after treatment with BV
plus ART (Figure 2): Stage 1, mild KS limited to cutaneous
and oral manifestations (expected to have favorable sur-
vival, potentially without requiring chemotherapy); stage 2,
lymphadenopathic KS (2-year EFS 73% and OS 75%); stage
3, woody edema KS (2-year EFS 29% and OS 79%); and
stage 4, visceral and/or disseminated skin/oral KS (2-year
EFS 0% and OS 12%).% This classification ultimately seeks
to determine risk-stratified therapeutic options—guiding
which patients may be treated with ART alone, those who
may have a favorable prognosis with BV plus ART, and those
who require alternative chemotherapeutic options due to the
high risk of treatment failure with BV. Ultimately, pediat-
ric KS is similar to essentially all childhood malignancies,
demonstrating distinct heterogeneity in clinical features and
treatment response, thereby necessitating a risk-stratified
treatment approach to individualize therapeutic options based
upon expected prognostic criteria.

Virologic considerations
While a comprehensive review of HHV-8 viral pathophysiol-
ogy is beyond the scope of this paper, one cannot discuss KS
without addressing the essential role of the causative agent.
For further in-depth discussion of this topic, the reader is
referred to recently published expert reviews on HHV-8 and
its associated malignancies.®*%*7° HHV-8 was first discovered
in KS tissue biopsies in the 1990s,* and subsequently has also
been associated with several lymphoproliferative disorders—
primary effusion lymphoma (including the extracavitary
variant), MCD, diffuse large B-cell lymphoma arising in the
setting of MCD, and germinotrophic lymphoproliferative
disorder.” It is important to note that HHV-8 associated
lymphoproliferative disorders can occur concurrently with
KS.”2 KICS is an additional recently defined disorder that is
typically associated with KS or primary effusion lymphoma
and is characterized as a hyper-inflammatory state caused by
excessive levels of various cytokines, especially interleukin
(IL)-6 and IL-10.%7 The HHV-8 related viral pathophysiol-
ogy in KICS is analogous to that seen in MCD, and the two
conditions share significant clinical and biological overlap.>
A distinguishing factor that is common to both MCD and
KICS is the role of lytic phase HHV-8 replication in driving
the disease pathophysiology.* In contrast, adult KS in the
US and Europe generally arises in the setting of latent phase
HHV-8 infection.™” A unique aspect of lytic phase infection
is expression of the HHV-8 encoded protein viral IL-6, a
homolog to human IL-6.7%77 Elevated levels of both viral and
human IL-6 are characteristic of MCD and KICS, and these
excessive cytokine levels play an important role in the unique

Stage 1, Mild and moderate cutaneous/oral KS:

1A, Mild: Disease limited to hyperpigmented skin lesions, flat oral mucosal lesions, and/or
flesh colored subcutaneous nodules, total < 10 lesions.
1B, Moderate: Having any of the following features, alone or in combination: a total of 10-19
hyperpigmented skin/oral lesions, nodular oral involvement, conjunctivaleye involvement,
exophyticmass, or any patient not meeting the criteria for stages 1A, 2, 3, and 4.
Stage 2, Lymphadenopathic KS: Having lymph node involvement, with or without any of the
criteria for stage 1.
Stage 3, Woody edema KS: Woody edema with or without any of the criteria for stages 1 and 2
3A: edema involving < 10% of estimated body surface area (BSA)
3B: edema involving > 10% of estimated BSA
BSA estimates performed using the wallace rule of 9’s utilized in burn victims
Stage 4, Visceral and/or disseminated cutaneous/oral KS: Clinical* pulmonary or abdominal
visceral involvement and/or having = 20 hyperpigmented skin/oral lesions in a widespread
distribution (excluding flesh colored subcutaneous nodules), with or without criteria for stages

region count as one lesion per cluster.

1, 2 and 3. Coalescing or confluent hyperpigmented skin lesions localized to an anatomic

Figure 2 The modified Lilongwe pediatric Kaposi sarcoma staging classification.

Notes: *See “Clinical characteristics” section for descriptions of clinical pulmonary or abdominal visceral involvement in resource-limited settings in the absence of

bronchoscopy and endoscopy. Data from El-Mallawany et al.*®
Abbreviation: KS, Kaposi sarcoma.
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clinical manifestations of both conditions.*®***7® Peripheral
blood cytopenias are common in both MCD and KICS, and
appear to occur as a result of viral and cytokine-mediated
bone marrow suppression.’’ Analysis of bone marrow find-
ings in patients with MCD and cytopenias reveal a distinct
lack of malignant infiltrates in the marrow, and a lack of evi-
dence for a hemophagocytic process.”” Common findings in
the bone marrow evaluations included reactive plasmacytosis
and scattered HHV-8 infected mononuclear cells.”’

As an HHV-8 associated malignancy with clinical
manifestations that commonly include lymphadenopathy and
peripheral blood cytopenias, MCD shares clinical overlap
with the common findings of lymphadenopathy and cytope-
nias seen in pediatric KS patients in HHV-8 endemic regions
of Africa. Although all of the lymph node biopsies in pediatric
KS patients from Lilongwe have revealed only KS, without
evidence of MCD,* the authors hypothesize that it is only a
matter of time before increased access to pathology resources
in the region will enlighten a broader understanding of the
spectrum of HHV-8 associated malignancies in endemic
regions. Indeed, a case series of adults with MCD from
Lilongwe was recently published, establishing an important
precedent to increase awareness of this diagnostic entity.”
Moreover, a study evaluating the HHV-8 viral profile from
Malawian adult KS specimens demonstrated the existence
of a sub-group of patients who exhibited an extended viral
transcription profile, in comparison to adult KS from the US,
which is characterized by transcripts restricted to the HHV-8
latency locus.®® Synthesizing these considerations—the
overlap in clinical features between pediatric KS and other
HHV-8 associated lymphoproliferative disorders that are
typically driven by lytic phase infection, plus the established
precedence of a distinct viral pathophysiology in adult KS
in Africa—the authors hypothesize that the unique features
of childhood KS in HHV-8 endemic regions may be rooted
in distinct viral pathophysiologic mechanisms.

Future directions
Over the past half-century, childhood KS has become increas-
ingly relevant in sub-Saharan Africa. As one of the most
common overall childhood cancers in numerous countries in
central, eastern, and southern Africa, there is a definite need
for improved therapeutic strategies, especially with expand-
ing pediatric HIV and oncology treatment infrastructure
throughout the region.®!

Based upon feedback received for the original proposed
paradigm for the Lilongwe Pediatric KS Staging Classifi-
cation, we have recently made a slight modification to the

staging system (Figure 2). In the original classification, stage
1 was intended to include patients with mild cutaneous/oral
disease, a group that might be expected to improve with
ART alone. This meant that stage 2 included both patients
with moderate cutaneous/oral disease, plus those with KS
lymphadenopathy (as both groups require chemotherapy plus
ART). This caused confusion in interpreting the staging clas-
sification, as stage 2 included a broad list of clinical features.
Therefore, in an effort to render the staging classification
easier to define, the modified classification restricts stage 2
to patients with KS lymphadenopathy. Thus, both patients
with mild and moderate cutaneous/oral disease are assigned
to stage 1, as stages 1A and 1B, respectively.

In re-analyzing the data based upon this modification, it is
apparent that the outcomes reported in the pediatric KS stag-
ing classification/risk stratification paper remain unchanged.
Of the 37 patients originally identified as stage 2 in the
published data, 34 (92%) were assigned to stage 2 because
of lymph node involvement; three patients would have been
stage 1B using the modified system. In re-analyzing survival
outcomes for the modified stage 2 group of patients with
KS lymphadenopathy, the 2-year EFS is 74%, similar to the
2-year EFS of 73% in the publication.> This modified staging
classification provides a clearer differentiation of the clinical
phenotypes—(1) KS limited to cutaneous/oral involvement,
(2) lymphadenopathic KS, (3) woody edema KS, and (4)
visceral and/or disseminated KS.

The current therapeutic approach for the pediatric KS
treatment programs in Lilongwe, Malawi and Mbeya, Tanza-
nia involves a risk-stratified, response-adapted regimen based
upon the pediatric KS staging classification and subsequent
response to treatment (Figure 3).° As the experience in
Malawi has demonstrated, response to treatment is important
to monitor.”® This led to a new treatment response defini-
tion, termed induction failure, which referred to the failure
to achieve at least a 90% reduction in size of all KS lesions
(based upon subjective assessment) after the initial induction
phase of BV chemotherapy (four cycles given every 2 weeks).
Although it is expected for stage 3 woody edema to exhibit a
slow response to chemotherapy (83% induction failure rate),
for all patients without woody edema, failure to respond
robustly to induction BV appears to be a poor prognostic sign
and an indication to intensify therapy. Induction failure carried
an Odds Ratio 0of 6.21 (95% Confidence Interval=1.93—19.99,
P-value<0.01) for failure to achieve EFS, and an Odds Ratio
0f 3.02 (95% Confidence Interval=0.95-9.65, P-value=0.06)
for risk of death.?® Induction failure potentially represents a
concerning prognostic sign that may predict an unfavorable
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Stage 1A: Mild skin/oral KS

no progression
ART alone

progressive disease

> 90% reduction in all lesions*

continue ART

initiate BV

consolidation BV

intensify to ABV x 8 cycles

consolidation BV

intensify to ABV x 8 cycles

SFage 4 Visceral.and/or then 8 cycles ABV
Disseminated Skin/Oral KS +ART

Stage 1 B: Moderate skin/oral KS induction BV
Stage 2: Lymphadenopathic KS +ART
< 90% reduction in all lesions*
improvement in QOL

X induction BV

Stage 3: Woody edema KS +ART
no improvement in QOL
initial dose BV, complete remission with CD4 count

<350 or unsuppressed HIV viral load

less than complete remission

complete remission Monitor

intensive follow-up #,
may require maintenance

maintenance therapy with
paclitaxel +/- oral etoposide

Figure 3 Treatment design schema for a risk-stratified and response-adapted therapeutic approach to pediatric Kaposi sarcoma.

Notes: *Subjective determination of percent decrease in size of all lesions; # stage 4 patients achieving complete remission who have a persistently low CD4 count <350 or
unsuppressed HIV viral load are at high risk for relapse and should be monitored closely (ideally every 2 weeks for 3 months). Please note that, for patients with endemic
(HIV-unrelated KS), ART is not included in the therapeutic approach, and therefore patients with stage | A disease would be treated the same as patients with stage |B KS.

Data from El-Mallawany et al.2**

Abbreviations: KS, Kaposi sarcoma; ART, antiretroviral therapy; progressive disease is defined as an increase in the size of existing lesions or the appearance of new
lesions; BV, = bleomycin and vincristine; induction BV includes four cycles of BV given every 2 weeks, consolidation BV includes four cycles of BV given every 4 weeks; ABV,
doxorubicin, bleomycin, and vincristine, QoL, quality-of-life; complete remission is defined as no clinical evidence of KS lesions; HIV, human immunodeficiency virus.

outcome for patients without woody edema. Hence intensifi-
cation to doxorubicin, bleomycin, and vincristine (ABV)x8
cycles is indicated for stage 1B and stage 2 patients with
induction failure, as well as those who experience disease
progression or relapse (not due to primary failure of HIV
suppression). For those patients who experience worsening
of their KS due to failure to control HIV, prompt adjustments
in the ART regimen are critical. It is important to point out,
though, that woody edema KS (stage 3) is characterized as an
indolent, almost chronic condition, with low mortality from
KS itself. Therefore, intensification of chemotherapy is not
indicated, but rather a focus on improving quality-of-life for
patients who typically live with stable chronic edema after
completing chemotherapy.

Ultimately, future guidelines that can be adapted across
the diverse regions of Africa and worldwide are needed. A
prospective evaluation of this risk-stratified, response-adapted
approach to therapy in a multi-center international trial is
required to determine the optimal therapeutic approach to
pediatric KS. In the meantime, the authors advocate for
increased awareness of the unique clinical features seen
in the pediatric population in an effort to expand access to
effective treatment regimens and improve overall outcomes
for patients across the region.
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