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Abstract
Background—Kaposi sarcoma (KS) is one of the most common pediatric cancers in sub-
Saharan Africa. Few data are available about the clinical presentation or response to treatment of
children with epidemic (HIV-associated) KS.

Methods—Medical records of all children with KS and HIV infection referred to the Uganda
Cancer Institute in Kampala, Uganda from October 2004 to June 2007 were reviewed. Charts were
abstracted for age, sex, location of KS lesions at presentation, biopsy results, CD4 T-cell count
and percentage, and KS treatment and outcome.

Results—Seventy-three children with epidemic KS were identified, 37 males and 36 females.
The median age was 10.1 years (range 2 - 18). KS presented with lymph node involvement in 60%
of cases. The median absolute and percentage CD4 T-cells at presentation were 210 cells/uL and
7.4%, respectively. Those children with lymphadenopathic KS were younger (mean difference 3.7
years; p = 0.01) and had higher CD4 T-cell counts (mean difference 242 cells/uL; p = 0.03) than
those without lymph node involvement. Of 32 patients for whom outcome data were available, a
complete response to chemotherapy and/or antiretroviral therapy was documented in 20 (62.5%)
patients.

Conclusions—In comparison to cutaneous involvement, lymph node involvement of epidemic
KS occurs at younger ages and at higher CD4 levels. This clinical presentation may reflect recent
infection with human herpesvirus 8 followed by a rapid progression to malignancy. Favorable
response to treatment was observed in the majority of cases, but prospective studies are needed to
determine optimal management.
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Introduction
Kaposi sarcoma (KS), a vascular tumor caused by infection with human herpesvirus 8
(HHV-8; also called KS-associated herpesvirus), is the most common malignancy among
HIV-infected people worldwide [1,2]. Although KS was rare in most parts of the world prior
to the HIV/AIDS epidemic[3], an endemic form of KS was described in Uganda and other
African countries over 40 years ago [4-8]. Endemic KS occurs more often in adults, but has
been reported to be more aggressive in children [6,9]. In Uganda, the incidence of pediatric
KS has increased approximately 20-fold during the HIV/AIDS epidemic and is now among
the most common childhood cancers [2,8,10].

Few series of epidemic KS have compared the clinical manifestations in children compared
to adults [6,9-14]. While cutaneous lesions are observed in >90% of adults with KS in the
United States, Europe and Australia, cutaneous KS appears to be less common in children
with or without HIV infection [6,10,11,13]. Conversely, KS in young children
predominantly involves the lymph nodes (LN), which is an atypical presentation in adults
[14-16].

The outcome of epidemic KS in children has not been well characterized. The response of
KS to ART alone or with chemotherapy in HIV infected adults is variable, and tends to be
less effective in severely immunocompromised patients [17,18]. The optimal management
for children with KS have largely been extrapolated from experience in adult patients. Here
we describe the clinical characteristics, immune status, and outcomes of large series of HIV-
infected children with KS in Uganda.

Methods
Subjects and data collection

Children (≤ 18 years old) with KS and HIV infection who were referred to the Uganda
Cancer Institute (UCI) from October 2004 to June 2007 were identified by review of clinical
records. HIV infection was confirmed using two rapid tests according to Ugandan national
guidelines. For the purposes of this study, children with biopsy results consistent with KS
and/or a documented clinical diagnosis of KS by a physician were considered to have KS.
Abstraction of medical records was performed using a standardized form to capture the
following data: age, sex, location of KS lesions, biopsy results, CD4 T-cell count and
percentage, treatment with cancer chemotherapy and antiretroviral therapy, and response to
treatment. Patients were categorized as presenting with one or more locations of KS
involvement: cutaneous, LN, oral cavity, and visceral. Location of lesions was determined
by physician's assessment in the medical record. Response to treatment was determined
according to the last available assessment documented in the medical record for each
patient, and categorized as: “complete” if there was complete resolution of KS lesions;
“partial” if there was any reduction in the size and/or number of lesions; “none” if there was
no response or a worsening of any lesions; or “unknown” if this information was not
recorded. Institutional Review Board approval was obtained from the University of
Washington, Makerere University, Mulago Hospital, and the Ugandan National Council for
Science and Technology.

Statistical analysis
The t test for unequal variance was used to compare means, Chi square and Fisher's exact
test were used to compare proportions, and Spearman's rank correlation or linear regression
with robust standard errors was used to test the association between continuous variables. In
order to explore the correlates of KS presentation (LN, skin, oral cavity, and visceral
involvement), logistic regression with robust standard errors was also used. The independent
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variables evaluated were age, sex, and CD4 T-cell count. Those variables that were
associated with KS presentation with a p value < 0.05 by univariate analysis were included
in a multivariate logistic regression analysis. Analyses were performed using Stata 9.2
(College Station, TX).

Results
Characteristics of epidemic pediatric KS

Seventy-three children with KS and HIV infection were identified (Table I), with a median
age of 10.1 years (mean = 9.4, standard deviation = 4.4). Twenty-six (36%) patients had
biopsy results recorded, all of which were histopathologically-confirmed as KS. Males
accounted for 37 (51%) and females for 36 (49%) of the patients. The percentage of children
that had documented KS involvement in each of the locations were: LN, 60%; skin, 48%;
oral cavity, 21%; and viscera, 12% (Table I).

CD4 T-cell values were available for 35 (48%) of the 73 children, and were obtained a
median of 2 weeks from the time of presentation (interquartile range (IQR) = 0 - 6 weeks).
The median CD4 T-cell count was 210 cells/uL (IQR = 21 - 482), and the median percent
CD4 T-cells was 7.4% (IQR = 1.2 - 13.5%). Older children had lower absolute CD4 T-cell
counts (absolute CD4 T-cell count decreased by 30.1 cells/uL on average with each
additional year over; 95% CI −52.6, −7.6; p = 0.01) and tended to have lower CD4 T-cell
percentages (with each additional year of life, the percent CD4 T-cell count decreased by
0.5% on average; 95% CI −1.0, 0.1; p = 0.06). Eight (11%) patients had been started on
ART prior to documentation of KS, with a median of 5 months (range 0.5 - 18) on
treatment. There was no difference between those patients who were or were not receiving
ART at the time of presentation in the mean absolute (p = 0.99) or percent CD4 T-cells (p =
0.40).

Correlates of KS Presentation
KS was more likely to present as involvement of either LN (17/42, 40%) or skin (12/42,
29%), rather than both locations together (8/42, 19%; p = 0.03). Children with LN
involvement were also significantly less likely to have oral cavity involvement (2/25 (8%)
vs. 7/10 (70%), p = 0.01). There were no correlations observed between cutaneous and oral
cavity involvement, nor between visceral involvement and any other KS presentation.

Associations between each anatomic location of KS and the available clinical characteristics
(age, sex, CD4 T-cell values, and having received ART) were evaluated. Location of KS
involvement was not associated with the child's sex or receipt of ART. Patients with LN
involvement of KS were an average of 3.7 years younger (95% CI 0.9, 6.5 years younger; p
= 0.01) than those without LN involvement. In contrast, children with KS skin involvement
tended to be older compared with those without cutaneous lesions (11.2 vs. 8.3 years, p =
0.05). The presence of oral cavity or visceral KS involvement did not differ with age.
Children with LN involvement had higher absolute CD4 T-cell counts (mean difference 242
cells/uL; 95% CI 51, 434; p = 0.02) and percent CD4 T-cells (mean difference 4.9%; 95%
CI 0.5, 9.3; p = 0.03). However, no such trend was observed in CD4 T-cell values between
those children with and without other presentations of KS (Figure 1).

In healthy children, CD4 T-cell counts are highest at birth and then decline until adolescence
[19]. This decline in CD4 T-cell counts with age is more pronounced among children
infected with HIV [19]. To account for potential confounding of age on the observed
association between CD4 T-cell count and clinical presentation, therefore, multivariate
logistic regression analysis was performed. In the adjusted model, age was no longer
significantly associated with lymphadenopathic KS (OR = 0.92; 95% CI 0.75, 1.12; p =
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0.39). However, CD4 T-cell count remained predictive of LN involvement of KS, with a
36% increased risk of presenting with lymphadenopathic KS for each increment of 100
cells/uL (OR 1.36, 95% CI 1.01, 1.83; p = 0.05).

Treatment regimens and outcome
Thirty-six (49%) of the children in this cohort were documented to have received cancer
chemotherapy (Table II). Thirteen patients received vincristine alone, while an additional 23
received both vincristine and bleomycin. Ten patients received cancer chemotherapy without
ART, while 26 received a combination of chemotherapy and ART. Fifteen children received
ART alone. Of the ART regimens used, 15 contained a protease inhibitor (all lopinivir/
ritonavir) while 26 contained a non-nucleoside reverse transcriptase inhibitor (16 efavirenz
and 10 nevirapine). All regimens contained lamivudine, which was combined either with
zidovudine (17), stavudine (22), or tenofovir (2).

Thirty-two (46%) children had outcome data available. Compared to those with missing
outcome data, children with known outcomes were significantly more likely to have a record
of receiving chemotherapy (p = 1.69 × 10−10) or ART (p = 1.35 × 10−4; Table II). However,
there was no difference observed with respect to age, sex, CD4 T-cell values, or type of KS
presentation between those children with and without available outcome data.

Twenty children (62.5%) of the 32 patients with outcome data available had a complete
resolution of KS (Table II). Eleven patients had a partial response, and only one patient had
a documented lack of response. No association was apparent between outcome and age, sex
or type of KS presentation. Thirty (93.8%) of the 32 patients with outcome data available
received cancer chemotherapy (10 with vincristine, 20 with vincristine plus bleomycin). No
difference was observed in outcome with respect to whether or not cancer chemotherapy
was used, or whether one or two drugs were given. Of those patients with a known outcome,
a higher proportion had a complete resolution of KS among those who received any ART
regimen compared to those who did not receive ART (19 of 26 vs. 1 of 6; p = 0.02).

Discussion
In this large series of Ugandan children with epidemic KS, LN involvement was observed in
the majority of cases. Lymphadenopathic KS appeared to be a discrete clinical presentation,
which tended to occur in younger children and at higher CD4 T-cell counts. Of those KS
cases with a documented outcome, a large proportion responded to treatment with
chemotherapy and/or ART.

In adults with endemic KS, disease is typically limited to the skin, while HIV-associated KS
tends to be more aggressive, and oral cavity and visceral lesions are common. Although
lymphatic obstruction and lymphedema are frequent features of KS in HIV-infected adults,
prominent LN involvement has been reported less often [15,16]. In contrast, we observed
LN involvement in the majority of children, which tended to occur more often at younger
ages. This association between younger age and KS lymphadenopathy has been reported
previously among children both with and without HIV infection [6,9-14].

Lymphadenopathy has been associated with HHV-8 seroconversion in adults [20,21],
suggesting that a mononucleosis-like syndrome might occur in some persons with primary
HHV-8 infection. An analogous pattern of disease may occur after infection with Epstein-
Barr virus (EBV) infection, the most similar human herpesvirus to HHV-8, and the
development of EBV-associated Hodgkin lymphoma. Hjalgram et al. [22] found patients
with infectious mononucleosis to have a relative risk of EBV-associated Hodgkin disease
that peaked in less than 3 years after acquiring EBV infection. Perhaps lymphadenopathic
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KS in susceptible individuals results from a rapid progression from the onset of HHV-8
infection to the development of malignancy.

Susceptibility to rapid progression to KS would appear to be mediated by factors other than
advanced HIV disease, as lymphadenopathic KS was associated with higher CD4 T-cell
levels. Furthermore, after adjustment for CD4 T-cell count, age no longer predicted LN
involvement of KS. This suggests that, although lymphadenopathic KS is observed more
often in children, younger age may not be causal. Rather, the preponderance of
lymphadenopathic KS among children may be a function of the early age at which HHV-8
infection is acquired in endemic areas [23-25]. There is evidence that HIV-infected adults
who become infected with HHV-8 are more likely to develop KS than those who are
infected with HHV-8 prior to HIV [26]. Unlike most adults with KS in Uganda, HIV
infection in the majority of these children was likely acquired before HHV-8 infection at
birth or through breastfeeding. This temporal difference may contribute to the apparent
differences in KS presentation in children compared to those in adults.

Several limitations of this study should be noted. Histopathology reports were documented
for only 26 patients. Although biopsy is routinely performed for confirmation of KS
diagnosis among patients at the UCI, records were unavailable for some patients. Therefore,
some lymphadenopathy may have been due to causes other than KS, including HIV itself
[14]. The treatment response rate observed was almost certainly biased by the large number
of children lost to follow-up, among whom we expect disproportionately poor outcomes.
Furthermore, interpretation of these outcome data is complicated by the lack of information
about co-morbidities, length of treatment, and duration of response.

The number of favorable outcomes recorded for children in this series is encouraging.
However, prospective studies in children, including controlled trials of antiretroviral and
cancer chemotherapy drugs are needed. Children with KS may respond differently to
chemotherapy than adults, requiring alternate regimens. Current state of the art regimens
used for adult KS patients in resource-rich countries, such as liposomal doxorubicin, have
not been evaluated in children and may not be appropriate for use in resource-poor settings
[27]. Future studies to elucidate the viral and host factors that lead to KS may result in
additional treatment options. Ideally, such knowledge would also inform rational
interventions to prevent HHV-8 infection and/or its progression to malignancy.
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Figure 1.
Higher CD4 T-cell counts are associated with KS involvement of lymph nodes, but not other
presentations, among HIV-infected children. Box plots display the CD4 T-cell count
quartiles (minimum, 25th, 50th, and 75th percentile, and maximum) and outliers (dots) for
those patients with and without KS lesions in a given location. CD4 T-cell values are shown
for patients with and without KS involvement of the lymph nodes (panel A), skin (panel B),
oral cavity (panel C), and viscera (panel D).
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Table I

Characteristics of all cases of epidemic pediatric Kaposi sarcoma identified at the Uganda Cancer Institute,
Kampala, Uganda over a 32 month period between 2004 and 2007

Total Malesa Females

KS cases, n (percent) 73 (100%) 37 (50.7%) 36 (49.3%)

Age in years, median (range), n=56 10.1 (2 – 18) 9.3 (2 – 16) 11.0 (2 – 18)

CD4 T-cells/uL, median (IQR) n=36 210 (21 – 482) 165 (16 – 538) 263 (26 – 464)

CD4%, median (IQR) n=35 7.4 (1.2 – 13.5) 8.2 (1.9 – 11.1) 6.7 (1.2 – 14.7)

Location of lesions n=42b

Skin involvement 20 (47.6%) 10 (45.5%) 10 (50.0%)

Oral cavity involvement 9 (21.4%) 4 (20.0%) 5 (22.7%)

Viscera involvement 5 (11.9%) 3 (15.0%) 2 (9.1%)

Lymph node involvement 25 (59.5%) 11 (55.0%) 14 (58.3%)

a
No statistically significant differences were observed between males and females for the characteristics listed.

b
Categories of lesion location not mutually exclusive.
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Table II

Response of epidemic Kaposi sarcoma in children to chemotherapy and antiretroviral drug combinations

Responsea, n

Therapyb Complete Partial None Unknown

VCR - 4 - 1

BV 1 1 - 3

ART 2 - - 13

VCR + ART 4 2 - 2

BV + ART 13 4 1 -

None - - - 22

Total 20 11 1 41

a
Complete response defined as no evidence of residual KS; partial response defined as any appreciable reduction in the size or number of KS

lesions; no response defined as the lack of partial response or progression of KS.

b
VCR = vincristine; BV = bleomycin plus vincristine; ART = antiretroviral therapy, made up of 2 nucleoside reverse transcriptase inhibitors plus

either a protease inhibitor (15 patients received ritonavir-boosted lopinavir) or a non-nucleoside reverse transcriptase inhibitor (16 patients received
efavirenz and the other 10 received nevirapine).
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