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Treatment of advanced AIDS-associated Kaposi sarcoma
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Summary

Background Optimal treatment regimens for AIDS-associated Kaposi sarcoma, a frequent contributor to morbidity
and mortality among people with HIV, have not been systematically evaluated in low-income and middle-income
countries, where the disease is most common. In this study, we aimed to investigate optimal treatment strategies for
advanced stage disease in areas of high prevalence and limited resources.

Methods In this open-label, non-inferiority trial, we enrolled people with HIV and advanced stage AIDS-associated
Kaposi sarcoma attending 11 AIDS Clinical Trials Group sites in Brazil, Kenya, Malawi, South Africa, Uganda, and
Zimbabwe. Eligible participants were randomly assigned (1:1:1) with a centralised computer system to receive either
intravenous bleomycin and vincristine or oral etoposide (the investigational arms), or intravenous paclitaxel (the
control arm), together with antiretroviral therapy (ART; combined efavirenz, tenofovir disoproxil fumarate, and
emtricitabine). The primary outcome was progression-free survival (PFS) at week 48, using a 15% non-inferiority
margin to compare the investigational groups against the active control group. Safety was assessed in all eligible
treated study participants. The study was registered with ClinicalTrials.gov, NCT01435018.

Findings 334 participants were enrolled between Oct 1, 2013, and March 8, 2018, when the study was closed early due
to inferiority of the bleomycin and vincristine plus ART arm, as per the recommendations of the Data and Safety
Monitoring Board (DSMB). The etoposide plus ART arm also closed due to inferiority in March, 2016, following a
DSMB recommendation. Week-48 PFS rates were higher in the paclitaxel plus ART arm than in both investigational
arms. The absolute differences in PFS were -30% (95% CI -52 to -8) for the comparison of paclitaxel plus ART
(week 48 PFS 50%, 32 to 67; n=59) and etoposide plus ART (20%, 6 to 33; n=>59), and —-20% (-33% to —7%) for the
comparison of paclitaxel plus ART (64%, 55 to 73; n=138) and bleomycin and vincristine plus ART (44%, 35 to 53;
n=132). Both CIs overlapped the non-inferiority margin. The most common adverse events, in 329 eligible
participants who began treatment, were neutropenia (48 [15%]), low serum albumin (33 [10%]), weight loss (29 [9%)]),
and anaemia (28 [9%]), occurring at similar frequency across treatment arms.

Interpretation Non-inferiority of either investigational intervention was not shown, with paclitaxel plus ART showing
superiority to both oral etoposide plus ART and bleomycin and vincristine plus ART, supporting its use in treating

advanced AIDS-associated Kaposi sarcoma in resource-limited settings.
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Introduction and Uganda (13% of all cancer diagnoses), and the third

AIDS-associated Kaposi sarcoma is an HIV-associated
neoplasm caused by the Kaposi sarcoma-associated
herpesvirus.! Although the incidence of this disease has
decreased worldwide since the introduction of potent
antiretroviral therapy (ART),” it remains widespread and
will probably continue to be an important contributor to
morbidity and mortality in places where the prevalence of
HIV and Kaposi sarcoma-associated herpesvirus co-
infection is high.’ In 2018, Kaposi sarcoma was estimated
to be the second most common cancer diagnosis in
Malawi (accounting for 20-5% of all cancer diagnoses)
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most common in Zimbabwe (9% of all cancer diagnoses),
regardless of HIV status.* Importantly, AIDS-associated
Kaposi sarcoma develops at all levels of immuno-
suppression, suggesting that improved ART coverage will
not eradicate the disease. The reasons for the continued
high incidence in these settings probably include high
rates of Kaposi sarcoma-associated herpesvirus and HIV
co-infection, suboptimal ART coverage, and high rates of
infectious diseases, such as malaria, that could influence
the acquisition and control of Kaposi sarcoma-associated
herpesvirus infection.’
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Research in context

Evidence before this study

A consensus exists that effective management of advanced
AlDS-associated Kaposi sarcoma requires treatment with a
combination of antiretroviral therapy (ART) and chemotherapy.
In high-resource countries, the preferred chemotherapeutic
agents are pegylated liposomal doxorubicin and paclitaxel.
These drugs are rarely used in countries with limited resources
where AIDS-associated Kaposi sarcoma is most common because
of their relatively high cost and low availability. Few prospective
randomised trials have evaluated the optimal chemotherapy
regimens to use for AIDS-associated Kaposi sarcoma
management in areas of the world where the availability and
affordability of chemotherapy drugs is low and the infrastructure
to administer them safely is scarce. Most of the published data on
treatment for advanced AIDS-associated Kaposi sarcoma in
low-income and middle-income countries comes from
retrospective, descriptive analyses of treatments with empirically
chosen chemotherapy regimens, the most common of which is
a combination of bleomycin and vincristine, which is widely
available and relatively inexpensive. The only randomised,
controlled study to compare different chemotherapy regimens
directly in this setting was conducted in Zimbabwe in the 1990s,
prior to the introduction of ART in that country.

Added value of this study
Our study is the first randomised controlled trial to compare
different chemotherapy regimens in combination with effective

ART is considered to be essential for optimal manage-
ment of all patients with AIDS-associated Kaposi sar-
coma.® For advanced stage, symptomatic disease, which is
a frequent presentation in the low-income and middle-
income countries where AIDS-associated Kaposi sarcoma
is most common, a consensus also exists that effective
management requires the addition of chemotherapy.
However, optimal chemotherapy regimens have not
been systematically evaluated in these settings. Data on
AlIDS-associated Kaposi sarcoma chemotherapy from
countries with high prevalence are largely descriptive.”*
Of the few prospectively randomised trials,*® only one
compared different chemotherapy regimens, but without
concomitant ART.”

In high-resource settings, pegylated liposomal doxo-
rubicin and paclitaxel have been shown to be highly
effective in inducing regression of advanced AIDS-
associated Kaposi sarcoma.”” Treatment guidelines
published in the USA by the National Comprehensive
Cancer Network?” designate these drugs as the preferred,
first-line, systemic chemotherapy for AIDS-associated
Kaposi sarcoma, but they are used infrequently in areas
with resource limitations because of their low availability
and high cost. In such settings, the combination of
bleomycin and vincristine, alone or in combination with
non-liposomal doxorubicin, is commonly used due to its
lower cost and wider availability. Although not widely

ART for people with advanced AIDS-related Kaposi sarcoma in
low-income and middle-income countries, where AIDS-related
Kaposi sarcoma is a common complication of HIV infection.
We showed that when combined with an effective ART
regimen, intravenously administered paclitaxel was superior
to both a widely used intravenous regimen of bleomycin and
vincristine, and an easy-to-administer oral regimen of
etoposide, with respect to progression-free survival, overall
response rate, response duration, and a composite of time to
progression or death. In addition, administration of paclitaxel
with ART was associated with increases in CD4 lymphocyte
counts, suppression of HIV viraemia, and an acceptable adverse
event profile that contradicts commonly held concerns about
the ability of people with HIV to tolerate cytotoxic
chemotherapy and achieve effective HIV control.

Implications of all the available evidence

Our results provide support for preferring paclitaxel over a
commonly used regimen of bleomycin and vincristine or an
oral etoposide regimen as first-line chemotherapy for advanced
AIDS-related Kaposi sarcoma in resource-limited settings.
Making paclitaxel widely available as the initial treatment for
advanced AIDS-related Kaposi sarcoma in these settings will
require enhancements to the infrastructure and personnel
dedicated to cancer care. Analysis of the cost-effectiveness of
different Kaposi sarcoma treatments would further inform
national strategies.

used in either setting, orally administered etoposide
has been shown to induce disease regression without
excessive toxicity."** Etoposide is the only orally
bioavailable chemotherapeutic agent with demonstrated
activity against AIDS-associated Kaposi sarcoma and
can be easily incorporated into outpatient treatment
regimens, making it a potentially attractive option where
cancer treatment infrastructure is lacking.” Randomised
clinical trials to compare these treatment approaches
together with ART have never been done.

We sought to investigate the optimal treatment strategy
for advanced AIDS-associated Kaposi sarcoma at clinical
trials sites in five sub-Saharan African countries and
Brazil. During early development of the trial, we intended
pegylated liposomal doxorubicin plus ART to be the active
control, but a worldwide shortage of pegylated liposomal
doxorubicin led us to substitute paclitaxel plus ART as the
active control. We chose bleomycin and vincristine plus
ART and oral etoposide plus ART as the investigational
regimens. Recognising that clinical efficacy is not the only
criterion on which to base the choice of treatment, and
that the investigational regimens also offered potential
advantages over the active control in terms of their cost,
availability, adverse event profiles, and ease of adminis-
tration, we designed the study to test whether bleomycin
and vincristine plus ART or oral etoposide plus ART, or
both, were non-inferior to paclitaxel plus ART.

www.thelancet.com Vol 395 April 11, 2020



Articles

Methods

Study design

We used a randomised, open-label, active-controlled,
clinical trial (A5263/AMC-066) to evaluate three regi-
mens of chemotherapy with ART for the treatment of
advanced AIDS-associated Kaposi sarcoma. Full details
of the study are available online. The study was done at
11 AIDS Clinical Trials Group (ACTG) sites in Brazil,
Kenya, Malawi, South Africa, Uganda, and Zimbabwe,
all of which obtained approval from local and national
ethics committees. A four-step trial design enabled
participants to receive one or more of the alternative
chemotherapy regimens in the event that the initial
randomised regimens proved ineffective or intolerable
(appendix p 6). Before a change in study step, an inde-
pendent endpoint review committee (IERC) consisting of
eight Kaposi sarcoma experts, who were masked to
treatment assignment, reviewed and confirmed site-
reported Kaposi sarcoma progressions, including suspec-
ted Kaposi sarcoma-associated immune reconstitution
inflammatory syndrome. Participants whose Kaposi
sarcoma initially responded to step 1 chemotherapy but
later progressed could receive another course of the same
chemotherapy in step 2 if they had IERC-confirmed
partial or complete response of Kaposi sarcoma in step 1
lasting at least 12 weeks before IERC-confirmed pro-
gression. Participants showing IERC-confirmed Kaposi
sarcoma progression or intolerance to the chemotherapy
regimen of step 1 or step 2, or both, could enter step 3
(randomised assignment) and later step 4 (the remaining
regimen).

Participants

Eligible participants were people with HIV who were
aged 18 years or older and had advanced, biopsy-con-
firmed Kaposi sarcoma but had not previously received
local or systemic chemotherapy or radiotherapy. ART
experience was initially limited to 28 days immediately
prior to study entry, but in January, 2015 (16 months after
the first participant enrolled), a protocol amendment
increased the permissible duration of prior ART to
42 days. Advanced Kaposi sarcoma was defined as
stage T1, including one or more of the following features:
symptomatic tumour-associated oedema, tumour ulce-
ration, extensive oral Kaposi sarcoma, and visceral (non-
nodal) Kaposi sarcoma.”

Additional inclusion criteria included Karnofsky per-
formance status of at least 60, at least five bi-dimensionally
measurable cutaneous marker lesions or a total marker
lesion surface area of at least 700 mmz2, an absolute
neutrophil count of at least 1000 cells per pL, at least
8.0 mg/dL haemoglobin, at least 100000 platelets per pL,
a creatinine clearance of at least 60 mL/min, a maxi-
mum of five times the upper limit of normal (ULN) of
aspartate aminotransferase, alanine aminotransferase,
and alkaline phosphatase, and a maximum of 1-5 times
ULN of bilirubin.
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Pregnant and breastfeeding women were excluded, as
were individuals with less than 90% oxygen saturation or
more than 4% exercise desaturation, or both, people with
grade 3 or higher peripheral neuropathy, and individuals
with active infections who had received less than 14 days
of antimicrobial treatment.

Participants provided written informed consent. A
model informed consent document was provided in
English and translated into local languages at each trial
site.

Randomisation and masking

Randomisation was done by a centralised computer
system maintained by the ACTG Data Management
Centre using permuted blocks of six in an open-label
method. Masking was not feasible because of the
different chemotherapy administration procedures. In
step 1, participants were randomly assigned equally
(1:1:1) to receive bleomycin and vincristine plus ART,
etoposide plus ART, or paclitaxel plus ART. Participants
eligible for step 2 received the same regimen as in
step 1. Participants eligible for step 3 were randomly
assigned equally (1:1) to the two remaining regimens
not used in step 1. All randomisation was stratified
by screening CD4 cell count (either <100 or =100 cells
per pL) and country. No randomisation occurred in
steps 2 or 4.

Procedures

Etoposide (VePesid, Bristol-Myers Squibb, New York,
NY, USA) was given as one 50 mg capsule taken orally
twice per day on days 1-7 of each 21-day cycle, with
escalation as tolerated on subsequent cycles up to a
maximum of 100 mg taken twice per day. A cycle could
be delayed for a maximum of 14 days for toxicity
management. Up to eight etoposide cycles were admin-
istered (two cycles during dose titration; six at maximum
dose).

Bleomycin and vincristine and paclitaxel were each
administered intravenously on day 1 of each of six 21-day
cycles. Bleomycin (Hospira, Lake Forest, IL, USA) was
administered intravenously over 10 min at a dose of
15 units per m2 body surface area. Vincristine (Hospira)
was administered as an intravenous bolus at a fixed dose of
2 mg. Paclitaxel (Accord Healthcare, Barnstaple, UK) was
administered as a 1-h infusion at a dose of 100 mg/m? of
body surface area using a non-PVC administration set and
an in-line filter (<0-22 pm) following administration of
a standard premedication regimen, which contained
dexamethasone with H1-receptor and H2-receptor antago-
nists. Concurrent with chemotherapy, all participants
received efavirenz (600 mg), tenofovir disoproxil fumarate
(300 mg), and emtricitabine (200 mg), either as a single
co-formulated tablet taken once per day (Atripla, Merck,
Kenilworth, NJ, USA) or as tenofovir disoproxil fumarate
and emtricitabine (Truvada, Gilead, Foster City, CA, USA)
plus efavirenz taken daily (Stocrin, Merck).

For the full study details see
https://clinicaltrials.gov/ct2/

show/NCT01435018

See Online for appendix
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Clinical and laboratory evaluations were done at
screening, entry, and every 3 weeks until week 48, and
then at increasing intervals until week 96, with up to
5 years of follow-up for observing late haematological
toxicity (ie, myelodysplasia, leukaemia) in participants
who received etoposide (full study details available
online). Kaposi sarcoma response was categorised as
complete response, partial response, stable disease, or
progression of disease, as previously described,”* with
additional refinements, including circumferential mea-
surements of tumour-associated leg oedema. Signs,
symptoms, and laboratory results were graded according
to the Division of AIDS Table for Grading the Severity
of Adult and Pediatric Adverse Events.” Chemotherapy
doses were delayed, modified, or discontinued for
graded adverse events, and if adverse events recurred
after dose reduction or resulted in a delay of treatment
by more than 3 weeks, chemotherapy was discontinued.
The use of recombinant methionyl human granulocyte
colony stimulating factor (filgrastim; G-CSF) to manage
neutropenia was permitted, when available.

March, 2016 March, 2018
Etoposide plus  Paclitaxel plus Bleomycinand  Paclitaxel plus
ART (n=59) ART (n=59)* vincristineplus ~ ART (n=138)*
ART (n=132)
Sex
Female 14 (24%) 11 (19%) 31(23%) 31 (22%)
Male 45 (76%) 48 (81%) 101 (77%) 107 (78%)
Age inyears 35(31-42) 35(30-39) 35(30-41) 35(31-40)
Race
Black or African 58 (98%) 57 (97%) 130 (98%) 136 (99%)
White 1(2%) 2 (3%) 2 (2%) 2 (1%)
Hispanic or Latino ethnicity 2 (3%) 5(8%) 5(4%) 7 (5%)
Country of residence
Brazil (one site) 2 (3%) 5 (8%) 5 (4%) 7 (5%)
Kenya (three sites) 2 (3%) 2 (3%) 27 (20%) 29 (21%)
Malawi (two sites) 27 (46%) 27 (46%) 54 (41%) 56 (41%)
South Africa (three sites) 7 (5%) 8 (6%)
Uganda (one site) 10 (17%) 9 (15%) 7 (5%) 9 (7%)
Zimbabwe (one site) 18 (31%) 16 (27%) 32 (24%) 29 (21%)
Previous ART exposure in days
None 53 (90%) 47 (80%) 79 (60%) 76 (55%)
1-28 5(8%) 11 (19%) 29 (22%) 35 (25%)
29-42 1(2%) 1(2%) 24 (18%) 27 (20%)
(D4 cell count (cells per mL) 216 (99-357) 228 (125-384) 232 (134-369) 231 (127-341)
(D4 cell count <100 cells 15 (25%) 12 (20%) 25 (19%) 27 (20%)
per pL
HIVRNA (log,, copiespermL) 4.9 (3-9-53) 5-0(3-9-5-4) 46 (2.7-52) 40 (27-5-2)
HIV RNA <400 copies per mL 4 (7%) 4 (7%) 29 (22%) 38 (28%)
KPS =90 32 (54%) 24 (41%) 79 (60%) 76 (55%)
Data are n (%) or median (IQR). ART=antiretroviral therapy. KPS=Karnofsky performance score. *The 138 participants
in the paclitaxel plus ART arm at the time of the March, 2018, analysis include the 59 participants enrolled as of
March, 2016, plus 79 participants enrolled subsequently.
Table 1: Baseline characteristics
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Outcomes

The primary outcome measure was progression-free
survival (PFS), defined as an absence of IERC-confirmed
Kaposi sarcoma progression, death, entry to an additional
step, or loss to follow-up prior to week 48. Secondary
outcomes evaluating superiority of paclitaxel plus ART
included the composite of Kaposi sarcoma progression or
death rate at week 48, week-48 death rate, tumour
response rate and duration, time to death, and time to
death or progression. The week-48 progression rate and
time to progression were not analysed individually
because of the competing risk of death. HIV virological
failure was defined as two successive measurements of
plasma HIV-1 RNA of at least 1000 copies per mL at
weeks 12-24 or plasma HIV-1 RNA of at least 400 copies
per mL at week 24 or later.

Suspected Kaposi sarcoma-associated immune recon-
stitution inflammatory syndrome was defined as pro-
gressive disease within 12 weeks of ART initiation together
with an increase in CD4 cell count of at least 50 cells per
pL above the entry value or a decrease in plasma HIV
RNA of at least 0-5 log,, copies per mL below the entry
value, or both.

Statistical analysis

The study was designed to evaluate whether there was
sufficient evidence to conclude that bleomycin and
vincristine plus ART or etoposide plus ART, or both, were
non-inferior to paclitaxel plus ART. Non-inferiority was
defined as showing that the 48-week PFS rate in each
investigational arm was within 15% of the PFS rate in the
paclitaxel plus ART arm. After consultation with the
site clinicians, the non-inferiority margin was based
on a combination of clinical judgment and statistical
reasoning. Two pairwise comparisons with 5% type 1
error were planned. With the 15% non-inferiority margin,
the planned sample size of 706 gave 88% power to show
non-inferiority, assuming that the true PFS rate in each
arm was 65% and that the one-sided significance level was
2-5%. This sample size was inflated for 10% loss to
follow-up and for two planned, interim efficacy analyses
at 33% and 67% of statistical information; alpha levels
were determined by Lan-DeMets spending function
(corresponding to the O’Brien-Fleming boundary).”*
Formal stopping rules were not predetermined. Following
premature closure of the etoposide plus ART arm, and to
address accrual being slower than anticipated, the
planned sample size was recalculated as 446, which
included the 60 already assigned to etoposide plus ART.
The 386 people randomly assigned to bleomycin and
vincristine plus ART and paclitaxel plus ART provided
80% statistical power to evaluate non-inferiority.

The National Institute of Allergy and Infectious
Diseases (NIAID) Complications and Co-Infections Data
and Safety Monitoring Board (DSMB) monitored the
study at least once per year and received summaries of
study conduct, safety, and efficacy.
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Because of observed differences in PFS rates between
the treatment arms, an early, unplanned, interim efficacy
analysis of the primary outcome was done at the second
interim review (1 year after the first). From this review
onwards, at the request of the DSMB, comparisons of
PFS rates were provided at all reviews. CIs were
determined by the proportion of statistical information
available at the review and PFS rates were determined by
Kaplan-Meier methods with Greenwood’s formula for the
variance.*** Before each investigational arm was closed,

two formal comparisons of etoposide plus ART with
paclitaxel plus ART were done (0-0012 total alpha spent)
and five of bleomycin and vincristine plus ART with
paclitaxel plus ART were done (0-0104 total alpha spent).
At the fourth review in March, 2016, the DSMB recom-
mended that the etoposide plus ART arm be discontinued
because of inferior PFS compared with the paclitaxel plus
ART arm. The PFS difference (etoposide—paclitaxel) pro-
vided at this review was —39-4% (99-9% CI -79-9 to 1-0).
Immediately after this review, participants in the etoposide

604 assessments for eligibility*

A

270 excluded in screening®
55 had laboratory values out of range
33 had illness that would interfere
] 31 had previous ART history
23 died
174 other reasons

y

334 randomly assignedt
183 assigned 1:1:1 until
March, 2016
151 assigned 1:1 (PTX:BV) after
March, 2016
5 excluded
> 1did not meet inclusion criteria

4 discontinued before initiation

v

A ¢

59 assigned to etoposide plus ART

138 assigned to paclitaxel plus ART

132 assigned to bleomycin and
vincristine plus ART

v

118 included in March, 2016, efficacy
analysis

v v

¢ A

270 included in March, 2018, efficacy
analysis

v v

59 assigned to etoposide plus ART 59 assigned to paclitaxel plus ART

138 assigned to paclitaxel plus ART 132 assigned to bleomycin and

vincristine plus ART

v v

v v

Status at time of analysis Status at time of analysis

28 onstudy in step 1 39 onstudy instep 1

20 changed study step 12 changed study step

1tostep2 4tostep2
18tostep3 8tostep3

1tosteps3and 4 8 off study in step 1

11 off study in step 1 0 completed protocol
0 completed protocol 6 died
7 died 2 othert
4 otheri

Status at time of analysis Status at time of analysis

57 onstudy instep 1 40 on study in step 1

32 changed study step 45 changed study step
9tostep 2 10tostep 2
21tostep3 1tosteps2and3
2tosteps 3and 4 3ltostep3
49 off study in step 1 3tosteps 3and 4

24 completed protocol 47 off study in step 1

15 died 17 completed protocol
10 otherf 25 died
5othert

Figure 1: Trial profile

ART=antiretroviral therapy. *Potential participants could be screened more than once and be excluded for multiple reasons; these numbers reflect discrete screening
events. tParticipants were randomly assigned equally (1:1:1) to the three study arms until March, 2016, when the etoposide plus ART arm was closed, after which

participants were randomly assigned equally (1:1) to the two remaining arms (pacli
the participant having withdrawn consent, the participant not being willing to adh
site closure, the participant being unable to continue because of severe debilitation
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taxel plus ART and bleomycin and vincristine plus ART). Other includes
ere to requirements, the participant not being able to get to the clinic,
, or the site being unable to contact the participant.
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1200

plus ART arm were offered the opportunity to switch
treatments. Following DSMB recommendations, accrual
to the bleomycin and vincristine plus ART and paclitaxel
plus ART arms continued (with a reduced permutated
block size of four for randomisation), and no data from
these arms were released.

At the seventh DSMB review in March, 2018, the board
recommended stopping the study and concluded that
the primary objective of non-inferiority could not be
demonstrated. This conclusion was based on predictive
interval plot simulations, which showed almost 0%
probability of showing non-inferiority given current
trends. The DSMB also concluded that paclitaxel plus
ART was superior to bleomycin and vincristine plus
ART, based on the comparison of the 48-week PFS rates;
the PFS difference was —20% (99-2% CI -37-5 to -2.5).
Furthermore, the predictive interval plots showed that
the results would be unlikely to change if the study
continued, because 99% of the simulated intervals
excluded 0%. Study accrual was permanently stopped,
and the study was amended to allow all remaining
participants who had not yet reached study week 72 to
receive paclitaxel if appropriate.

All treatment comparisons of primary and secondary
outcomes were two-sided with 5% significance without
adjustment for multiple comparisons. Because the inves-
tigational arms ended early, nominal 95% CIs were
calculated for these comparisons without adjustment
for prior alpha spending. As with the interim analyses,
PFS rates were estimated using Kaplan-Meier methods
with Greenwood’s formula for the variance.*** Two-sided
95% Cls for PFS rate differences were determined
overall and with adjustments for each stratification
factor; stratum weights were determined by the inverse
of the stratum-specific variance. Estimates of secondary
event rates were calculated in a similar way. Time-to-
event analyses were conducted with Kaplan-Meier
methods to estimate median survival time in each arm,
and Cox proportional hazards regression was used to
compare the risk of events between arms, adjusting
for stratification factors. Objective responses (partial or
complete response) were compared between arms with
logistic regression, adjusting for stratification factors,
and the median duration of objective response was
determined by Kaplan-Meier methods. Descriptive sum-
maries of changes in CD4 cell counts were made with

A Progression-free survival rates
Difference Etoposide or Paclitaxel
(95% Cl) bleomycin and
vincristine
Etoposide vs paclitaxel —_—— -30% (-52t0-8) 20% 50%
Bleomycin and vincristine vs paclitaxel e -20% (-33to-7) 44% 64%
Non-inferiority margin :
I T T T T T T 1
~60 45 30 -15 0 15 30 45 60
+— —>
Favours paclitaxel Favours etoposide or bleomycin and vincristine
B Death rates
Difference Etoposide or Paclitaxel
(95% Cl) bleomycin and
vincristine
Etoposide vs paclitaxel — 15% (-2t032) 26% 11%
Bleomycin and vincristine vs paclitaxel g—-—i 8% (-1to17) 19% 10%
I T T T ; T T T 1
-60 -45 -30 -15 0 15 30 45 60
+— —>
Favours etoposide or bleomycin and vincristine - Favours paclitaxel
C Progression or death rates
Difference Etoposideor  Paclitaxel
(95% Cl) bleomycin and
vincristine
Etoposide vs paclitaxel e 25% (2t048)  72% 47%
Bleomycin and vincristine vs paclitaxel o 20% (8t033) 53% 33%
I T T T T T T T 1
-60 45 -30 -15 0 15 30 45 60
— —>
Favours etoposide or bleomycin and vincristine - Favours paclitaxel

Figure 2: Comparison of 48-week progression-free survival rates (A), 48-week death rates (B), and 48-week composite progression or death rates (C)

according to initial randomised treatment
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medians and IQRs, and with HIV-1 RNA levels with
percentages (<200, 200-1000, >1000 copies per mL) by
study week. HIV-1 RNA suppression (<200 copies
per mL) was compared across study weeks and treat-
ment arms with percentages and corresponding 95% Cls
in a posthoc analysis. All eligible participants who
started the randomised treatment were included in the
analysis, and all treatment comparisons were of the
initially randomised regimens.

Analyses comparing etoposide plus ART with paclitaxel
plus ART used data collected until March 10, 2016, and
analyses comparing bleomycin and vincristine plus
ART with paclitaxel plus ART used data collected until
March 13, 2018; these dates correspond to when each
investigational arm was closed. Descriptive safety sum-
maries of adverse events include all step 1 data until
March 13, 2018, and detailed safety summaries according
to treatment step were also made.

All analyses were conducted in SAS 9.4. The study was
registered with ClinicalTrials.gov, NCT01435018.

Role of the funding source

NIAID funded the study through the ACTG, with addi-
tional funding from the National Cancer Institute through
the AIDS Malignancy Consortium (AMC). The funders
oversaw the development and monitoring of the study
but had no role in the conduct, analyses, and conclusions
of the study. The corresponding author had final respon-
sibility for the decision to submit for publication.

Results

This three-arm, open-label, randomised, non-inferiority
trial (A5263/AMC-066) enrolled 334 participants between
Oct 1, 2013, and March 8, 2018 (table 1). The median
study follow-up was 62 weeks (IQR 37-103; maximum
206 weeks) when study enrolment was closed. Of those
enrolled, four participants never began the study chemo-
therapy and discontinued study participation, and one
was found to be ineligible after randomisation (figure 1,
table 1).

Self-reported adherence to ART and oral etoposide was
high. Perfect adherence to ART, based on a 30-day recall,
was reported by at least 87% of participants (286 of 329)
across all study weeks and was similar across treatment
arms. Although overall adherence to the prescribed
etoposide dose was high (87%), only 39 (66%) of the
59 participants randomly assigned to receive etoposide
were able to have the dose escalated to the planned
maximum of 200 mg per day.

Figure 3: Time to death and time to death or progression according

to randomised treatment

Kaplan-Meier plots of the time to death (A and B) and composite of time to
death or progression (C and D) summarised by treatment comparison.
Hazard ratio with 95% Cl and p value are from Cox proportional-hazards
regression analysis. NE=not estimable.
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Non-inferiority was not able to be shown for either
investigational arm compared with paclitaxel plus ART on
the basis of the 15% threshold (figure 2). Week-48 PFS
rates were higher in the paclitaxel plus ART arm than in
each of the investigational arms. In the comparison of
paclitaxel and etoposide, the PFS rate was 50% (95% CI
32 to 67) for paclitaxel plus ART (n=59) but only 20%
(6 to 33) for etoposide plus ART (n=59; difference —30;
95% CI —52 to —8). Comparing paclitaxel with bleomycin
and vincristine, the PFS rate was 64% (55 to 73) for
paclitaxel plus ART (n=138) but only 44% (35 to 53) for
bleomycin and vincristine plus ART (n=132; difference
—20; -33 to —7). The results were identical when weighted
for stratification factors (appendix p 7). Thus, paclitaxel
plus ART was superior to both etoposide plus ART and
bleomycin and vincristine plus ART with respect to zero
difference, because 0% was excluded from the 95% Cls
(figure 2).

Although the differences in the death rates failed to
reach statistical significance, the rates of IERC-confirmed
Kaposi sarcoma progression or death, and the rates of
death by week 48 were higher in the etoposide plus ART
and bleomycin and vincristine plus ART arms than in
the paclitaxel plus ART arm (figure 2). Similarly, although
the time to death analysis did not show a significant
difference between arms, the time to death and the time
to progression or death analyses showed higher risk for
both etoposide plus ART and bleomycin and vincristine
plus ART than for paclitaxel plus ART (figure 3).

The objective responses in step 1 favoured the
paclitaxel plus ART arm. In the etoposide plus ART
arm, 18 (31%) of 59 participants showed an objective
response compared with 34 (58%) of 59 participants
in the paclitaxel plus ART arm (odds ratio [OR] 0-3;
95% CI 0-1-0-7; p=0-0032). Among participants
showing an objective response, the median response
duration was longer for paclitaxel plus ART (54 weeks,
23-NE [not estimable]) than for etoposide plus ART
(24 weeks, 9-NE). Although similar objective response
proportions were observed in the bleomycin and
vincristine plus ART group (80 [61%] of 132 partici-
pants) and the paclitaxel plus ART group (91 [66%)] of
138 participants; OR 0-8; 95% CI 0-5-1-3; p=0-43), the
median duration of response was longer for paclitaxel
plus ART (87 weeks, 57-NE) than it was for bleomycin
and vincristine plus ART (59 weeks, 32-NE). Complete
responses were rare, occurring in only three (2%) of
132 participants in the bleomycin and vincristine plus
ART arm and two (1%) of 138 participants in the
paclitaxel plus ART arm.

Figure 4: HIV-1 RNA and CD4 cell count changes

Proportion of participants in each HIV-1 RNA category by study week for etoposide
vs paclitaxel (A) and bleomycin and vincristine vs paclitaxel (B); and median

(IQR as error bars) change in CD4 cell counts summarised by study week for
etoposide vs paclitaxel (C) and bleomycin and vincristine vs paclitaxel (D).
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Suspected Kaposi sarcoma-related immune recon-
stitution inflammatory syndrome, as defined by the
protocol, was uncommon. Overall, only eight (2%) of
329 participants met the predefined criteria: two (2%) of
132 participants on the bleomycin and vincristine plus
ART arm, six (10%) of 59 on the etoposide plus ART arm,
and none on the paclitaxel plus ART arm.

Plasma HIV-1 RNA suppression below 200 copies per
mlL at week 48 occurred in 55 (89%) of the 62 participants
in the bleomycin and vincristine plus ART group,
74 (96%) of 77 participants in the paclitaxel plus ART
group, and 14 (100%) of 14 participants in the etoposide
plus ART group (figure 4). Among the subset of
participants who had viral assays with a detection limit
of 50 copies per mL, 51 (82%) of 62 participants on
bleomycin and vincristine plus ART, 69 (90%) of
77 participants on paclitaxel plus ART, and 14 (100%) of
14 participants on etoposide plus ART suppressed below
this limit. Virological failure by week 48 was uncommon,
occurring in three (5%) of 59 participants receiving
etoposide plus ART, eight (6%) of 132 participants
receiving bleomycin and vincristine plus ART, and
two (1%) of 138 participants receiving paclitaxel plus
ART. In post-hoc analysis (appendix p 8), the proportion
of participants with suppression (<200 copies per mlL)
within each arm and the corresponding 95% binomial
Cls were examined at weeks 12, 24, and 48. The pro-
portions with suppression were similar across the study
weeks, indicating that differences in viral load
suppression did not contribute to the primary findings.
CD4 lymphocyte counts increased progressively with
time in all treatment arms (figure 4), with the exception
of week 48 in the etoposide plus ART arm.

A detailed summary of all grade 3 or 4 events, new
AIDS-defining events, and serious non-AIDS defining
events according to treatment step was made (appendix
pp 10-25). Grade 3 or higher clinical adverse events or
laboratory abnormalities were reported in 162 (49%) of the
329 participants during step 1 (table 2), and were similar
across treatment arms. The most frequent events were
decreases in the absolute neutrophil count (n=48 [15%)]),
blood albumin (n=33 [10%]), weight (n=29 [9%)]), and
haemoglobin (n=28 [9%)]). Sensory peripheral neuropathy
assessments included self-reports of symptom severity in
three domains: pain, aching, or burning in the feet and
legs; pins and needles in the feet and legs; and numbness
in the feet and legs. Most participants’ symptoms, as well
as objective measures (vibratory sense and deep tendon
reflexes), remained unchanged or improved during
chemotherapy. However, pain scores were more variable,
with more participants reporting pain increases in the
bleomycin and vincristine plus ART group than in the
paclitaxel plus ART group (17% vs 7%), and more in
the etoposide plus ART group than in the paclitaxel plus
ART group (7% vs 0%). New AIDS-defining events, all
of which were infections, were documented in 46 (14%) of
the 329 participants, the most common being bacterial
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Bleomycin and Etoposide plus  Paclitaxel plus  Total (n=329)
vincristine plus ART (n=59) ART (n=138)
ART (n=132)
Any grade 3 or higher adverse 64 (48%) 34 (58%) 64 (46%) 162 (49%)
event
Neutropenia (grade >3) 19 (14%) 13 (22%) 16 (12%) 48 (15%)
Serum albumin (grade =3) 14 (11%) 9 (15%) 10 (7%) 33 (10%)
Weight loss (grade =3) 13 (10%) 5(8%) 11 (8%) 29 (9%)
Haemoglobin (grade >3) 17 (13%) 3 (5%) 8 (6%) 28 (9%)
AIDS-defining event 18 (14%) 6 (10%) 22 (16%) 46 (14%)
Bacterial pneumonia 11 (8%) 3 (5%) 10 (7%) 24 (7%)
Pulmonary tuberculosis 5 (4%) 2(3%) 4 (3%) 11 (3%)
Serious non-AIDS-defining 28 (21%) 11 (19%) 29 (21%) 68 (21%)
event
Bacterial infections 17 (13%) 7 (12%) 16 (12%) 40 (12%)
Data are n (%). ART=antiretroviral therapy.
Table 2: Safety and adverse events during step 1 according to initially randomised treatment

pneumonias (n=24 [7%]) and pulmonary tuberculosis
(n=11 [3%]). Serious non-AIDS-defining events were
reported in 68 participants (21%), the majority of which
(n=40 [12%]) were non-AIDS-defining bacterial infections.
22 participants (7%) were described as having sepsis, of
which only one was reported as occurring in the setting of
neutropenia, nine (3%) were clinical diagnoses only, and
none were rigorously confirmed with multiple positive
blood cultures. G-CSF use was reported in eight (6%) of
the 132 participants in the bleomycin and vincristine plus
ART arm, eight (14%) of the 59 participants in the
etoposide plus ART arm, and 11 (8%) of the 138 partici-
pants in the paclitaxel plus ART arm. G-CSF use was
inconsistent across sites because of differences in avail-
ability, cost constraints, and local practice.

Two study participants became pregnant (one each in
the bleomycin and vincristine plus ART and paclitaxel
plus ART arms) after having completed six cycles of
step 1 chemotherapy. One of the pregnancies, which was
detected at study week 27 in a woman whose last cycle of
bleomycin and vincristine had been administered at
study week 16, ended in spontaneous abortion at study
week 29 (we presume this was a first trimester pregnancy
because pregnancy tests needed to be negative before
each dose of chemotherapy and the last dose was at week
16). The other pregnancy, which was detected at study
week 119 in a woman whose last cycle of paclitaxel had
been administered at study week 15, ended in a live
birth at study week 149, without evidence of congenital
abnormalities.

Discussion

Our prospectively randomised study was designed to
evaluate non-inferiority of the investigational arms com-
pared with the active control, paclitaxel plus ART.
Because the 95% ClIs of PFS rate differences overlapped
with the prespecified 15% non-inferiority margin,
the study failed to show non-inferiority of either
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investigational arm compared with paclitaxel plus ART.
Although we had not planned a priori to consider
inferiority of the investigational arms, the 95% ClIs for
each of the comparisons excluded zero. The clinical
interpretation is that paclitaxel plus ART is a superior
treatment to both oral etoposide plus ART and bleomycin
and vincristine plus ART.

In addition to the unexpected finding that paclitaxel
plus ART was superior to both investigational arms
with respect to the primary outcome, PFS at 48 weeks,
we found that participants who received paclitaxel as
their initial chemotherapy showed a superior outcome
compared with participants who received either etoposide
or bleomycin and vincristine with respect to overall
response rate, response duration, and the composite of
time to death or progression. These findings, together
with the overall safety profile, effective suppression of
HIV viraemia, and progressive increase in CD4 cell
count, support the use of paclitaxel plus ART as initial
therapy for AIDS-related Kaposi sarcoma in this setting.

The assumption that the true PFS rate at 48 weeks was
65% was based on the findings of a randomised, USA-
based trial®* that compared paclitaxel with pegylated
liposomal doxorubicin as initial treatment for people
with AIDS-related Kaposi sarcoma, two-thirds of whom
had advanced stage disease. A nearly identical PFS rate
of 64% was observed in the current trial for the pacli-
taxel plus ART arm. The objective response rates for
participants who received paclitaxel in the two trials
were also similar: 57% in the US study and 66% in the
current trial. Notably, although the individual paclitaxel
doses administered in the two studies were identical,
the paclitaxel dose intensity was 50% higher in the US
study, because the drug was administered every 2 weeks
rather than every 3 weeks as in our trial. This reduced
dose intensity was not associated with a poorer objective
response rate or PFS, but the rate of grade 3 or 4
neutropenia was much lower: 12% in the current trial
versus 58% in the US trial.* The relatively low rates of
severe neutropenia and bacterial sepsis observed with
the dose and schedule of paclitaxel used in our study is
reassuring, given the scarcity of haemopoietic colony
stimulating factors in resource-limited settings. Further-
more, although bleomycin and vincristine is generally
considered to be a relatively non-myelosuppressive regi-
men, the observed frequencies of grade 3 or more
neutropenia and anaemia in our study were both lower
in the paclitaxel plus ART arm than in the bleomycin
and vincristine plus ART arm. Taken together, these
observations provide evidence that the efficacy and
safety of paclitaxel plus ART for treating AIDS-related
Kaposi sarcoma in low-income and middle-income
countries is similar to that observed in a high-income
country.

Overall, combined treatment with chemotherapy and
effective ART was well tolerated in this group of indivi-
duals with advanced AIDS-associated Kaposi sarcoma,

allaying concerns about the tolerability of chemotherapy in
this population. The increased reports of pain, aching, or
burning in the lower extremities from participants in both
the etoposide and bleomycin and vincristine groups
compared with the paclitaxel group could simply reflect
symptoms associated with progressive oedema and Kaposi
sarcoma lesions in the less effective regimens, rather than
reflecting increasing neuropathic pain itself. Consistent
with earlier findings when etoposide was administered
together with ART to individuals with limited-stage AIDS-
associated Kaposi sarcoma,” Kaposi sarcoma-associated
immune reconstitution inflammatory syndrome occurred
infrequently during combined treatment with ART and
each of the chemotherapeutic regimens tested in this
study.

The choice of paclitaxel as the active control chemo-
therapeutic agent in this study merits comment. When
we began designing this study more than a decade ago,
we planned to use pegylated liposomal doxorubicin as
the active control. Shortly before the trial was scheduled
to begin in 2011, however, a worldwide shortage in
pegylated liposomal doxorubicin led us to revise the
study to substitute paclitaxel as the active control.
Although this decision delayed the start of the study, the
switch to paclitaxel was probably fortunate, because in
the intervening years paclitaxel has become more
widely available in resource-limited settings and its cost
remains considerably lower than that for pegylated
liposomal doxorubicin. Furthermore, unlike pegylated
liposomal doxorubicin, paclitaxel is included in the
WHO Model List of Essential Medicines. Even though
its current high cost might limit the use of pegylated
liposomal doxorubicin in resource-limited settings, it
has a different adverse event profile to paclitaxel and
could prove useful for people with HIV in whom
paclitaxel proves ineffective or causes unacceptable
toxicity. Additionally, studies to compare the efficacy,
safety, and cost-effectiveness of pegylated liposomal
doxorubicin and paclitaxel as first-line treatment in
resource-limited settings are warranted.

The strengths of this study include a prospective,
randomised design with frequent follow-up visits, during
which participants were systematically evaluated using
rigorous criteria for Kaposi sarcoma response, Kaposi
sarcoma progression, and adverse events. A diverse
population was enrolled from multiple sites in central,
eastern, and southern Africa, and our findings should
therefore apply broadly to countries in Africa that have
a high burden of AIDS-associated Kaposi sarcoma.
All participants had the diagnosis of Kaposi sarcoma
confirmed by histopathology, using a quality assurance
programme for local interpretation and centralised con-
firmation, and all progression events included in
the primary outcome were confirmed by blinded inde-
pendent review by a panel of expert clinicians.

The trial has several limitations. The conditions
under which participants were treated are unlikely to be
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replicated in routine clinical practice in low-income and
middle-income countries, where cancer therapeutic and
diagnostic infrastructure are scarce.” Study drugs, the
laboratory tests to assess participant safety, the equip-
ment and personnel required to safely store, prepare,
and administer chemotherapy, and the supportive
medications needed to safely administer paclitaxel were
provided without charge, and participants were reim-
bursed for travel costs. Additionally, participation in
the study was limited to individuals who had received
limited or no previous ART, and we therefore have no
direct data to support favouring paclitaxel over bleomycin
and vincristine or etoposide in people with HIV with
advanced AIDS-associated Kaposi sarcoma who have
already had ART. We see no reason to believe that
paclitaxel would be less effective in individuals who have
already had ART whose HIV infection had already been
successfully controlled, or in those with poorly controlled
HIV who have alternative ART options that are likely to
result in virological suppression. However, because HIV
control is considered an essential component of AIDS-
associated Kaposi sarcoma management, for those
individuals who have exhausted available effective
treatment options for HIV, the optimal management
strategy for advanced Kaposi sarcoma is unclear. We also
acknowledge that many potential participants were
excluded from this study because of abnormal organ
function or poor functional status, and the study provides
no clear guidance on the best treatment options for
the many people who present with advanced sequelae
of HIV infection or disseminated Kaposi sarcoma
(eg, neutropenia, poorly controlled secondary infections)
in whom chemotherapy is contraindicated. Finally,
the tools available to conclusively diagnose visceral
involvement with Kaposi sarcoma were limited, in most
cases, to chest x-rays and clinical assessments. Thus,
although 31% of participants were assessed to have
visceral involvement, 24% of which affected the lungs,
the presence or absence of Kaposi sarcoma in visceral
organs was not rigorously confirmed, the differential
diagnosis for abnormal x-ray and clinical findings was
broad, and we were unable to determine whether the
results of treatment varied with the presence or absence
of visceral Kaposi sarcoma.

Although our findings strongly suggest that using
paclitaxel plus ART to treat advanced AIDS-associated
Kaposi sarcoma in resource-limited settings improves
outcomes compared with more widely used treatment
regimens or those that are easier to administer, the
overall costs of treatment with paclitaxel plus ART are
likely to be higher than for the alternative regimens
evaluated in this study. Not only is paclitaxel generally
more costly than the alternative regimens, but its safe
administration requires the use of specialised filters and
pre-medications to prevent hypersensitivity reactions,
further increasing the costs of treatment. Thus, it
remains to be seen whether adopting paclitaxel plus
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ART as the standard of care would be a cost-effective
use of resources. Efforts underway to provide greater
access to essential cancer drugs, including paclitaxel,
in Africa” might increase the feasibility of its broader use
in the region, but implementation will still require
enhancement of the infrastructure and personnel
dedicated to cancer care.
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