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Objective: Improved understanding of the effect of HIV infection on Kaposi sarcoma
(KS) presentation and outcomes will guide development of more effective KS staging
and therapeutic approaches. We enrolled a prospective cohort of epidemic (HIV-
positive; HIV'KS) and endemic (HIV-negative; HIV™KS) KS patients in Uganda to
identify factors associated with survival and response.

Methods: Adults with newly diagnosed KS presenting for care at the Uganda Cancer
Institute (UCI) in Kampala, Uganda, between October 2012 and December 2019 were
evaluated. Participants received chemotherapy per standard guidelines and were
followed over 1 year to assess overall survival (OS) and treatment response.

Results: Two hundred participants were enrolled; 166 (83%) had HIVKS, and 176 (88%)
were poor-risk tumor (T1) stage. One-year OS was 64% (95% confidence interval [CI] 57—
71%), with the hazard of death nearly threefold higher for HIV*KS (hazard ratio [HR] = 2.93;
P=0.023). Among HIV*KS, abnormal chest X-ray (HR =2.81; P=0.007), lower CD4" T-
cell count (HR = 0.68 per 100 cells/ul; P=0.027), higher HIV viral load (HR = 2.22 per
logyo copies/ml; P=0.026), and higher plasma Kaposi sarcoma-associated herpesvirus
(KSHV) copy number (HR = 1.79 per log;ocopies/ml; P=0.028) were associated with
increased mortality. Among HIV™KS, factors associated with mortality included Karnofsky
score <70 (HR=9.17; P=0.045), abnormal chest X-ray (HR =8.41; P=0.025), and higher
plasma KSHV copy number (HR = 6.21 per log;, copies/ml; P < 0.001).

Conclusions: Although survival rates were better for HIV™KS than HIVKS, the high
mortality rate seen in both groups underscores the urgent need to identify new staging
and therapeutic approaches. Factors associated with mortality, including high plasma
KSHV, may serve as important targets of therapy.
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Introduction

Kaposi sarcoma (KS) is among the most common HIV-
associated malignancies worldwide and a leading cause of
cancer in several African countries [1,2]. In sub-Saharan
Africa (SSA), KS presents as epidemic (HIV-associated;
HIV "KS) and endemic (HIV-negative; HIV~KS) forms of
the disease. Prior to the HIV pandemic, endemic KS
represented 4—10% of recognized adult cancers in Eastern
and Southern Africa [3—6]. The incidence of KS rose
dramatically with widespread HIV infection, which
increases the risk of KS several thousand-fold among those
co-infected with Kaposi sarcoma-associated herpesvirus
(KSHYV), the causative viral agent of all forms of KS [7].
Despite progress in controlling the HIV pandemic, both
epidemic and endemic KS continue to cause significant
morbidity and mortality in many regions of SSA [8].

Although endemic KS has been recognized for decades,
there have been few systematic studies of endemic KS,
particularly in adults. Although the AIDS Clinical Trials
Group (ACTG) staging criteria is widely accepted
for HIV'KS despite its limited prognostic value in
SSA [9-12], there is no universally adopted staging
system for endemic KS. Further, treatment recommen-
dations for HIV-negative KS are largely derived from
those used for HIV-associated KS and have not been
comprehensively evaluated.

Comparing epidemic and endemic KS provides a unique
opportunity to better define KS pathogenesis. Heteroge-
neity in clinical presentation and outcomes between
HIV'KS and HIV KS may suggest differences in
underlying disease processes, likely mediated by HIV
infection. Identifying these differences could yield
insights into KS biology and enhance current staging
systems and treatment approaches. In this study, we
sought to comprehensively describe clinical presentation
and outcomes in a prospective cohort of epidemic and
endemic KS patients in Uganda and to identify factors
associated with overall survival and response.

Methods

Study participants and setting

We enrolled adults with KS who presented for care at the
Uganda Cancer Institute (UCI) in Kampala, Uganda,
between October 2012 and December 2019. Eligibility
requirements were: age >18 years; histologic confirma-
tion of KS; naive to antiretroviral therapy (ART); and no
prior chemotherapy or radiation treatment for KS.

Study procedures

Participants completed an enrollment visit and up to 10
follow-up visits over ~1 year. At enrollment, participants
completed a standardized medical history and physical

examination. Peripheral blood and an oral swab were
collected for KSHV testing. HIV serology was per-
formed, and CD4™" T-cell and plasma HIV RNA testing
was completed for HIV-seropositive participants. UCI
medical charts were reviewed to record routine blood
count data and chest X-ray findings. At follow-up visits,
participants completed an interim medical history and
detailed physical exam to assess treatment response.

Participants received chemotherapy at the UCI per
standard guidelines independent of the study. First-line
therapy consisted of combination bleomycin and
vincristine (BV) or paclitaxel; both regimens were given
every 3 weeks for six cycles. HIV-seropositive participants
not already in HIV care were referred to local HIV clinics
for management and initiation of ART according to the
Ugandan Ministry of Health guidelines.

Laboratory procedures

Plasma and oral swab samples were evaluated for KSHV
DNA by quantitative, real-time PCR at the UCI-Fred
Hutch Cancer Centre Laboratory in Kampala, Uganda as
described previously [13,14]. Samples with >150 copies/
ml of KSHV DNA were considered positive [15]. CD4 ™" T-
cell counts were measured by flow cytometry, and HIV-1
RNA levels were measured using real-time RT-PCR.

Definitions

Among baseline clinical characteristics, body mass
index (BMI) was categorized as underweight if BMI
<18.5kg/m? [16]. The Karnofsky score, a measure of
performance status, was categorized as a score >70 and
<70 to distinguish those who can and cannot care for
themselves without assistance [17].

KS stage was defined according to the AIDS Clinical
Trials Group (ACTG) classification [9,18]. Tumor stage
was defined as T1 (poor risk) if there was tumor-
associated edema or ulceration, or oral involvement
beyond the hard palate. Immune status was defined as
poor risk (I1) if CD4" T-cell count was less than
200 cells/pl. Systemic symptoms were defined as poor
risk (S1) if the patient had a history of opportunistic
infections, presence of “B” symptoms, such as weight loss
of 10% or more, unexplained fevers and night sweats, or
Karnofsky performance status <70. Treatment response
was evaluated as the best response achieved over the
follow-up period as defined by the ACTG KS response

criteria [9].

Statistical methods

Baseline demographic and clinical characteristics were
summarized. Statistical significance of differences between
HIVKS and HIV™KS participants was assessed with the
chi-squared test for categorical variables, or the Wilcoxon
rank-sum test for continuous variables. To estimate overall
survival (OS), we constructed Kaplan-Meier survival
functions from Visit 1 until death, loss to follow-up, or
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to 1-year survival. Cox proportional hazards regression was
applied to estimate mortality hazard ratios (HRs) with 95%
confidence intervals (Cls). Response to therapy was
dichotomized into good response [complete clinical
response (CR)/partial response (PR)] or poor response
[stable disease (SD)/progressive disease (PD)], and logistic
regression was used to estimate odds ratios (ORs) of
response associated with participant characteristics. Vari-
ables with P <0.1 in univariable models were selected for
multivariable models. All tests were two-sided. Primary
analysis excluded participants missing information for
variables included in the model. In a sensitivity analysis,
multiple imputation with chained equations was used to
impute missing data (Supplemental Methods, Supplemen-
tal Digital Content, http://links.lww.com/QAD/C635).
We used Stata version 17 (StataCorp, College Station,
Texas, USA) and R version 4 (R Foundation for Statistical
Computing, Vienna, Austria) to conduct analysis.

Ethical considerations

Approval for the study was obtained from the Makerere
University School of Medicine Research and Ethics
Committee, Fred Hutchinson Cancer Research Center
IR B, and the Uganda National Council for Science and
Technology. All participants provided documentation of
informed consent.

Table 1. Participant characteristics by HIV serostatus.

Results

Characteristics of study participants

Among 246 persons screened prior to December 31,
2019, 200 participants were enrolled in the study. The
main reason for ineligibility was lack of KS diagnosis on
pathology review (N= 10); eight declined study partici-
pation, seven had received prior KS chemotherapy, six
were already receiving ART, two declined KS chemo-
therapy, and one was withdrawn from the study due to
severe illness and inability to complete study procedures.
Eleven eligible participants died and one was lost to
follow up prior to completing the Visit 1.

Participants with HIV'KS comprised 83% (166) of the
study cohort (Table 1). The majority (N=156; 78%)
were men, which did not difter significantly by HIV
status. The median age was 32 years (range, 18—75 years)
among HIV'KS and 46 years (range, 18—90) among
HIV KS (P<0.001). Twenty-six (14.1%) participants
were considered underweight with a BMI <18.5 kg/m”,
which was similar among epidemic and endemic KS
groups (P=0.44).

By ACTG staging criteria, 176 (88%) were T1 stage and
147 (74%) were poor-risk systemic illness (S1) stage. For

Overall HIVTKS HIV~KS P
N=200 N=166 N=34
Male, N (%) 156 (78) 127 (76.5) 29 (85.3) 0.26
Age, median (range) 34 (18, 90) 32 (18, 75) 46 (19, 90) <0.001
ACTG stage, N (%)

T1 176 (88) 144 (86.7) 32 (94.1) 0.23

11 93 (56.4)

S1 147 (73.5) 124 (74.7) 23 (67.6) 0.40
Karnofsky <70, N (%) 58 (29) 47 (28.3) 11 (32.4) 0.64
B-symptoms, N (%) 138 (69) 118 (71.1) 20 (58.8) 0.16
Opportunlstlc infections, N (%) 29 (14.5) 27 (16.3) 2 (5.9 0.12
BMI ( kg/m ), median (IRQ)? 26 (14.1) 21.5(19.8, 23.3) 21.7 (19.7, 23.9) 0.44
Hemoglobin, median (IQR)? 10.3 (8.9, 12.5) 10 (8.7, 11.9) 12.8 (11.1, 14.9) <0.001
Platelets, median (IQR)? 232 (155, 297) 223 (138, 297) 2455(199 305) 0.08
Abnormal chest X-ray finding, N (%)P 65 (38.7) 61 (43.9) 4(13.7) 0.002
Months since first KS lesion, median (IQR)? 7 3,17) 63, 12) 22 (8, 48) <0.001
Distinct sites with KS lesions 52,7 5(@3,7) 2 (1, 3) <0.001
Any edema, N (%) 165 (82.5) 135 (81.3) 30 (88.2) 0.33
Any macular lesions, N (%) 195 (97.5) 162 (97.6) 33 (97.1) 0.86
Any nodular lesions, N (%) 134 (67) 107 (64.5) 27 (79.4) 0.09
Any fungating lesions, N (%) 93 (46.5) 70 (42.2) 23 (67.7) 0.007
Months since HIV diagnosis, median (IQR)* 2(1,5)

HIV viral load, log;o(copies/ml) median (IQR)“ 5.3 (4.9, 5.7)
CD4™" count, median (IQR) 167 (49, 338)
KSHV detected in plasma, N (%)? 188 (95.4) 158 (96.3) 30 (90.9) 0.17
Plasma KSHYV titer, log;o(copies/ml), median ( (IQR)? 4 (3.6, 4.5) 4.1 (3.7, 4.5) 3.8 (3.1, 4) <0.001
KSHV detected in oral swab?, N (%) 115 (57.8) 101 (61.2) 14 (41.2) 0.03
Oral KSHV titer logm(copies/ml), median (IQR)® 3.6 (2.9, 4.5) 3.6 (2.9, 4.5) 3.3(2.6,5.1) 0.80

ACTG, AIDS Clinical Trials Group; IQR, interquartile range; KHSV, Kaposi sarcoma-associated herpesvirus; KS, Kaposi sarcoma.

“Percentages, medians, ranges, and P-values exclude participants missing data (Table 1, Supplemental Digital Content, http:/links.lww.com/QAD/

C635).

PInfiltrate or effusion, unilateral or bilateral.

Excludes one participant for whom viral load was not assessed, and two participants with undetectable viral load.

dAmong participants with detectable plasma KSHV.
€Among participants with detectable oral KSHV.

53


http://links.lww.com/QAD/C635
http://links.lww.com/QAD/C635
http://links.lww.com/QAD/C635

54

AIDS 2023, Vol 37 No 1

the key criteria contributing to S status, 58 (29%) had
Karnofsky score <70, 138 (69%) reported B-symptoms,
and 29 (15%) had a history of opportunistic infection.
The proportion of participants with T1 and S1 stage did
not differ by HIV status. Among those with HIV-
associated KS, the median CD4" T-cell count was
167 cells/pl (interquartile range [IQR]: 49—-338 cells/l)
and the median HIV-1 RNA level was 5.3 log;q copies/
ml (IQR: 4.9-5.7 log;( copies/ml).

Kaposi sarcoma clinical presentation

The median duration since the participant noticed their
first KS lesion was 7 months (IQR: 3—17 months), but
HIV KS participants reported a longer time since their
first lesion (median 22 months; IQR: 8—48 months)
compared to HIV+KS participants (median 6 months;
IQR: 3—12 months) (P < 0.001).

Lesions involved the following anatomic locations at KS
presentation (Fig. 1): 108 (54%) head or neck; 95 (48%)
hard palate; 54 (27%) oral cavity outside the hard palate;
140 (70%) upper extremities; 123 (62%) chest or
abdomen; 101 (51%) back; 88 (44%) groin; and 187

(94%) lower extremities. The most commonly involved
sites for both HIV'KS and HIV™KS were lower
extremities (94 vs. 91%, P=0.55) and upper extremities
(71 vs. 65%, P=0.46), but HIV'KS participants were
more likely to have lesions at other anatomic sites
compared to HIV™ KS participants: head or neck (62 vs.
15%, P < 0.001), hard palate (56 vs. 6%, P < 0.001), oral
cavity outside hard palate (31 vs. 6%, P=0.002), chest or
abdomen (68 vs. 32%, P<0.001), back (56 vs. 24%,
P=0.001), and groin (50 vs. 15%, P < 0.001).

HIV'KS participants generally had KS lesions dissemi-
nated over more anatomic sites (median 5 sites; IQR: 3—-7
sites) compared to HIV™ KS participants (median 2 sites;
IQR: 1-3 sites) (P<0.001). HIV'KS participants
presented with more lesions (median 82 lesions, IQR:
39-179 lesions) than HIV™KS participants (median 62
lesions, IQR: 35—101 lesions), although the difterence
was not statistically significant (P=0.23).

For lesion morphotype, 195 (98%) participants had
macular lesions, 134 (67%) had nodular lesions, 93 (47%)
had fungating lesions; 150 (75%) had more than one type

KAPOSI SARCOMA LESIONS

HIV NEGATIVE

HIV POSITIVE

Head/Neck

Arms / Hands

Hard Palate i
ﬁ_“ Outside Hard Palate | . \)

[Back |

1

Chest / Abdomen I—F

0

Lesion Incidence % of participants

80 100

Fig. 1. KS lesion distribution by HIV status. KS, Kaposi sarcoma.
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of lesion. Fungating lesions were more common among
HIV™KS than HIVKS participants (68 v. 42%, P= 0.007);
macular and nodular lesions did not differ significantly by
HIV status (P=0.86 and 0.09, respectively).

Edema was observed in 165 (83%) participants, with no
significant difference based on HIV status (P=0.33).
HIV'KS and HIVTKS participants had a similar
frequency of edema involving lower extremities (74 vs.
85%, P=0.15) and upper extremities (10 vs. 15%,
P=0.45), but HIV'KS participants were more likely to
have edema involving head or neck (22 vs. 6%, P=10.03)
and groin (34 vs. 9%, P=0.01).

Laboratory and imaging studies

Baseline hemoglobin values were slightly lower in
HIV'KS (median 10g/dl; IQR: 8.7-11.9 g/dl) com-
pared to HIV™ KS (median 12.8 g/dl; IQR, 11.1—14.99g/
dl) (P<0.001). Median platelet levels were 232 x 10°/1
(IQR: 155-297 x 10°/1), with no difference by HIV
status (P=0.08). Of 168 participants with chest X-ray
results (139 HIVTKS, 29 HIV™KS), abnormal chest X-
rays were identified in 65 (36%) participants, with
abnormal findings more commonly observed in HIVKS

than HIVTKS (44% vs. 14%, P=0.002).

KSHYV was detected in plasma at baseline in 188 (95%)
participants. The frequency of detecting KSHV in plasma
was similar in HIVTKS (96%) and HIV KS (91%)
(P=0.17); however, KSHV copy number was higher in
plasma among epidemic KS (median 4.1 log;, copies/ml;
IQR: 3.7—4.5 log;( copies/ml) compared to endemic KS
(median 3.8 log;o copies/ml; IQR: 3.1-4.0 log;( copies/
ml) (P<0.001). KSHV was detected in oral swabs from
115 (58%) participants, more commonly among HIVKS

100%

(101; 61%) compared to HIV™KS (14; 41%) (P=0.03).
Of the 115 oral samples in which KSHV DNA was
detected, the median KSHV copy number was 3.6
logyo copies/ml (IQR: 2.9-4.5 log;, copies/ml), which
did not differ significantly by HIV status (P=0.80).

Treatment received

Following study enrollment, 176 (88%) participants
received chemotherapy (Table 1, Supplemental Digital
Content, http://linksIlww.com/QAD/C635). Among
these, the majority (140; 80%) received bleomycin-
vincristine (BV) combination therapy as the first-line
regimen while 34 (20%) participants received paclitaxel.
Those with HIV™KS were more likely to receive
paclitaxel compared to HIVTKS (32 vs. 14%; P=0.006).

All HIV'KS participants were naive to antiretroviral
therapy (ART) on enrollment, and 121 (73%) initiated
ART during the observation period. The most common
ART regimen was efavirenz (EFV)-based (69; 57%),
generally given with tenofovir (TDF) and emtricitabine
(FTC). Other ART regimens included: dolutegravir
(DTG) with TDF/3TC (15; 12%); nevirapine (NVP)-
based (11; 9%); or a boosted protease inhibitor-based
regimen [lopinavir (LPV) or atazanavir (ATV)] in 11 (9%)
participants. Among those who started ART, the median
time to initiation was 25 days (IQR: 2—67 days) following
Visit 1.

Overall survival

At 1 year following enrollment, 111 participants were
alive, 67 had died, and 22 were censored prior to 1 year of
follow up (median 132 days of follow up). The 1-year OS
was 64% (95% CI 57—71). For HIV'KS, 1-year OS was
60% (95% CI 52—-68), and for HIV™ KS was 85% (95% CI

75%

HIV+ 166 62
HIv- 34 5

Percent Surviving

25%

95%

N Events 1-Year OS

Conf. Int
60% (52%—-68%)
85% (67%—-93%)

HR(95% Cl) = 2.93 (1.16-7.39), P-value = 0.023

0 2 4
Number at risk (number of events)

HIV+ 166 (0) 133 (25) 121 (36)

HIV- 34 (0) 30 (3) 29 (4)

6
Months since Enroliment

[ 10 12
109 (47) 100 (55) 91 (60) 86 (62)
28 (4) 27 (5) 2 (5) 25 (5)

Fig. 2. Overall survival by HIV status.
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67—-93) (Fig. 2). The hazard of death was nearly three
times higher for epidemic KS compared to endemic KS
(HR = 2.93, 95% CI 1.16—7.39; P=0.023).

Among HIVKS, multiple baseline factors were associated
with increased hazard of death in univariable analysis
(Figure 1, Supplemental Digital Content, http://links.lww.
com/QAD/C635). In multivariable analysis (Fig. 3),
abnormal chest X-ray (HR = 2.81, [95% CI 1.32—
4.18]; P=0.007), lower baseline CD4" T-cell count (HR.
= 0.68 per 100 cells/wl increase, [95% CI 0.48—0.96];
P=0.027), higher baseline HIV viral load (HR =2.22 per
log;o copies/ml increase, [95% CI 1.10—-4.50]; P=0.026),
and higher plasma KSHV copy number (HR = 1.79 per
log;( copies/ml increase, [95% CI 1.06—3.00]; P=0.028)
were associated with increased hazard of mortality.

Among HIV™ KS, factors associated with increased risk of
death in univariable analysis included Karnofsky score
<70 HR = 9.17, [95% CI 1.05-80.45]; P=0.045),
anatomically disseminated disease (HR per each anatomic
site with lesions =2.92 [95% CI 1.11-7.68]; P=0.029),
abnormal chest X-ray (HR = 8.41, [95% CI 1.30-
54.35]; P=0.025), and higher plasma KSHV copy

HR (95% Cl)

Karnofsky Score (<70 v. 270)

B-Symptoms

Opportunistic Infections

BMI (<18.5 v. 218.5 kg/m2)

Hemoglobin (per g/dL)

Chest X-ray (Abnormal v. Normal)

Distinct body sites with lesions (per site)

Edema (Any v. None)

Plasma KSHV (per log10 copies/mL)

HIV Viral Load (per log10 copies/mL)

CD4 Count (per 100 cells/uL)

1.26 (0.54-2.95)

1.07 (0.42-2.71)

1.05 (0.41-2.70)

1.83 (0.64-5.26)

0.95 (0.78-1.16)

2.81 (1.32-5.98)

1.06 (0.91-1.24)

3.37 (0.56-20.31)

1.79 (1.06-3.00)

2.22 (1.10-4.50)

0.68 (0.48-0.96)

number (HR = 6.21 per log;q copies/ml increase, [95%
CI 2.26—-17.06]; P<0.001) (Fig. 4). No multivariable
model was identified for HIV-KS survival because of the
small number of deaths (5 in total).

Results of survival analysis with imputed data were not
substantially different from the primary complete-case
analysis (Supplemental Materials, Supplemental Digital
Content, http://links.lww.com/QAD/C635).

Treatment response

Among the 176 participants initiating chemotherapy, the
best response achieved was clinical complete response in
19 (11%), partial response in 84 (48%), stable disease in 23
(13%), and progressive disease in 25 (13%) participants.
Response was not evaluable in 26 (15%) participants
(Table 2, Supplemental Digital Content, http://links.
lww.com/QAD/C635). Participants with HIV'KS were
less likely to have a good response (CR/PR) than
HIV KS (OR = 0.32 [95% CI 0.10-1.00]; P=0.05).
For HIV'KS, higher CD4" cell count (OR =1.34 per
100 cells/pl increase [95% CI 1.10-1.65]; P=0.004),
less disseminated disease (OR =0.85 per additional
anatomic site with lesions [95% CI 0.72—-1.00];

|

05 10 20 50 10.0
Hazard Ratio (95% Cl)

Fig. 3. Factors associated with Mortality: HIV'KS multivariable. Arrow indicates 95% Cl upper limit >10. All variables included
in the multivariable model are displayed. Cl, confidence interval; KS, Kaposi sarcoma.
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Sex (Female v. Male)

Age (per 10 Years)

Time Since First KS Lesion (per Month)
T-Stage 1v.0

S-Stage 1v. 0

Karnofsky Score (<70 v. 270)
B-Symptoms

Opportunistic Infections

BMI (<18.5 v. 218.5 kg/m2)
Hemoglobin (per g/dL)

Platelets per 1,000/uL

Chest X-ray (Abnormal v. Normal)
Distinct body sites with lesions (per site)
Edema (Any v. None)

Plasma KSHV (per log10 copies/mL)

Oral KSHV (per log10 copies/mL)

HR (95% Cl)
5.13 (0.84-31.32)
1.05 (0.82-1.36)
0.99 (0.97-1.01)
n.e.

n.e.

9.17 (1.05-80.45)
n.e.

6.31 (0.53-74.58)
2.10 (0.28-15.95)
0.81 (0.61-1.07)
1.00 (0.99-1.02)
8.41 (1.30-54.35)
2.92 (1.11-7.68)
n.e.

6.21 (2.26-17.06)

0.86 (0.57-1.30)

[ ]

05 1.0 20 5.0 10.0
Hazard Ratio (95% Cl)

Fig. 4. Factors associated with mortality: HIV™KS univariable. Arrow indicates 95% Cl upper limit >10. Cl, confidence interval.

P=0.048), and higher plasma KSHV titer (OR = 0.44
per logiocopies/ml increase, [95% CI 0.24-0.82];
P=0.01) were significantly associated with complete
or partial response. Higher baseline hemoglobin (OR =
1.21 per Hbg g/dl increase, [95% CI 1.00—1.47]) was
associated with good response with a P-value = 0.054
(Figure 2, Supplemental Digital Content, http://links.
lww.com/QAD/C635). Among HIV KS participants,
low platelets (OR = 0.99 per 1000/l [95% CI 0.98,
1.00]; P=0.027) and higher oral KSHYV titer (OR = 0.41
per logyocopies/mL [95% CI 0.21, 0.80]; P=0.008)
were significantly associated with good response in the
univariate models (Figure 3, Supplemental Digital

Content, http://links.lww.com/QAD/C635).

Discussion

This is the first prospective study to our knowledge to
rigorously characterize both epidemic and endemic KS in
SSA, revealing several important observations about the
effect of HIV infection on KS presentation and outcomes.
Our cohort demonstrated that HIV™ KS is generally less
disseminated than HIVTKS, with endemic KS having

lesions at fewer anatomic sites, rare oral manifestations,
and less common chest x-ray abnormalities, which likely
represent KS pulmonary involvement. Adults with
endemic KS also presented at an older age and reported
longer periods of time from noticing their first KS lesion
before seeking care, suggesting a more indolent clinical
course than epidemic KS. Although our cohort included
a large proportion of advanced stage HIV'KS patients,
the observation that endemic KS 1is generally less
fulminant than epidemic KS is consistent with previous
reports [3,4]. Together, these findings support the
hypothesis that HIV infection accelerates KS disease
processes, perhaps through impaired host immune
function [19-21], inflammation [22], activation of
KSHV replication [23], or increased expression of
markers of immune exhaustion in chronic HIV infection
[24—-26]. Translational studies utilizing biologic samples
from the cohort are ongoing to evaluate these potential
mechanisms and gain insights into the biology of KS
pathogenesis.

Survival outcomes among adults with epidemic KS were
worse than those with endemic KS, with a nearly
threefold increased risk of death at one year following
initiation of treatment. The poor 1-year OS of 60%
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among epidemic KS participants in our cohort is similar
to previously reported survival outcomes among adults
with HIVKS from Uganda [11], but somewhat worse
than the ~80% 1-year OS achieved in a recent multisite
clinical trial of BV vs. paclitaxel in SSA [27]. To our
knowledge, this is the first prospective study to report
survival outcomes in adults with endemic KS, and
although survival rates were better for HIVTKS than
HIV'KS, the high mortality rate seen in both groups
underscores the need to identify new therapeutic
approaches.

A striking finding of our study was the high rate of plasma
KSHYV viremia and oral KSHV shedding observed in both
HIVTKS and HIV™KS participants, which is consistent
with our group’s prior studies in Uganda [28]. Higher
plasma KSHV copy number and more common oral
KSHYV shedding was seen among adults with epidemic
KS, perhaps reflecting poorer immune control of the
virus and more disseminated KS disease, including oral
involvement, at presentation. Importantly, plasma KSHV
copy number was associated with survival among both
epidemic and endemic KS. High pretreatment plasma
KSHV quantity has been associated with poor outcomes
in other cohorts of HIV+KS in SSA [29,30], but this is
the first study to evaluate the association between plasma
KSHV and survival in adults with endemic KS.
Interestingly, higher baseline KSHV viremia was associ-
ated with a greater hazard for death for endemic KS
compared to epidemic KS [HR 6.21 (2.26—17.06) vs.
1.79 (1.06-3.00)]. Together, these finding suggests that
ongoing KSHYV replication is a key feature of disease in all
forms of KS, and measurement of baseline KSHV viral
load may have role in augmenting current KS staging
systems.

Among HIV'KS participants, lower CD4" cell count
was associated with worse OS, but other ACTG staging
criteria — tumor stage and systemic symptoms — were not
associated with OS for either epidemic or endemic KS.
This lack of association could be related to the fact that
the majority of cohort participants had advanced stage
disease and the study may not have had power to discern
differences in T and S stage. Prior work, however, has
demonstrated the limited prognostic value of ACTG
staging criteria in SSA, particularly in the era of widely
available ART [11]. These findings further highlight the
need to identify new staging criteria, ideally based on
mechanisms of disease pathogenesis, to better predict
clinical outcomes.

Our study has several important limitations. As a non-trial
prospective cohort study, there was some variation in the
type of chemotherapy participants received. Endemic KS
patients were more likely to receive paclitaxel therapy
than epidemic KS, but we did not observe that this
impacted overall survival in sub-analysis. This is consis-
tent with the findings of AMC 067 trial, which found that

paclitaxel had superior progression-free survival com-
pared to combination bleomycin-vincristine, but that the
regimens were equivalent in terms of overall survival [27].
In addition, not all HIVTKS patients received ART
during the study. While ART is an essential component of
optimal epidemic KS care, some participants died prior to
initiating ART and others faced challenges engaging in
HIV care despite study team efforts to facilitate HIV clinic
enrollment. Unfortunately, failure to initiate timely ART
reflects real-world challenges even in the era of widely-
available ART, and it likely contributes to the poorer
survival outcomes observed in our cohort compared to
KS clinical trial cohorts [27]. Successful implementation
of HIV “test and treat” programs will be an important
strategy for both preventing KS and improving KS
outcomes. Further, we recruited participants from a
tertiary cancer care center, so it is likely that our cohort
represents more advanced epidemic KS and endemic KS
than seen in the general population. However, the UCI is
among the few facilities able to provide chemotherapy in
the country, and we believe our advanced KS cohort
reflects those seeking chemotherapy for KS in Uganda.
We were also not able to fully evaluate for visceral disease
in our cohort and relied on chest X-ray alone to assess for
possible pulmonary involvement, but we believe this
reflects standard of care in most centers in SSA and helps
to identify predictor variables that will be most
realistically incorporated into future staging classifica-
tions. Finally, our cohort includes fewer HIV™ KS
compared to HIV'KS, which may obscure some
important differences between the groups that we did
not have power to detect. However, our cohort
distribution reflects the KS patient population at the
UCI, with ~10% endemic KS, and represents one of the
largest prospective cohorts of epidemic and endemic KS
reported to date.

In summary, our study demonstrated that HIV™ KS is
generally less disseminated and has better outcomes than
HIV'KS, but high mortality rates were observed in both
groups. Factors associated with mortality, including high
plasma KSHV, may serve as important biomarkers and
targets of therapy. Additional clinical and translational
studies are needed to better define KS pathogenesis and
factors associated with survival to inform improved
staging and therapeutic approaches for both epidemic and
endemic KS patients in SSA and worldwide.
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