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Abstract
Using a novel blinded intra-patient vehicle control design, we conducted a phase II study of
topically-administered halofuginone, an angiogenesis inhibitor that inhibits collagen type-I and
matrix metalloproteinases (MMPs), in patients with AIDS-related Kaposi’s sarcoma (KS). Serial
KS biopsies assessed treatment effects on angiogenic factors and KSHV-LANA. We observed
marked heterogeneity of KSHV-LANA expression. Although the small number of subjects whose
response could be evaluated precluded definitive assessment of halofuginone’s efficacy, we
observed a significant decrease in type-I collagen only in halofuginone-treated lesions, but no
effect on MMP-2. The trial design is applicable to future studies of topical agents.
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INTRODUCTION
Kaposi’s sarcoma (KS), a multifocal angioproliferative disease, is driven by infection with
the KS herpesvirus/human herpesvirus-8 (KSHV/HHV8) [1–3]. Various cytokines acting by
autocrine and paracrine mechanisms establish an angiogenic milieu resulting in the vascular
proliferation that characterizes KS lesions [4–8].

Angiogenesis involves local proliferation of endothelial cells (ECs), degradation of
subendothelial capillary basement membrane (BM), migration of ECs and formation of
vascular sprouts [9]. During angiogenesis, matrix metalloproteinases (MMPs) degrade BM,
and MMP inhibitors inhibit angiogenesis. KSHV-infected cells release MMPs into culture
medium [10]. The HIV Tat protein and basic fibroblast growth factor (bFGF) induce MMPs,
and Tat-transgenic mice develop KS-like lesions [11]. Collagen type-I also plays a critical
role in assembly of new vasculature and it too may be a potential target [12]. Thus,
inhibitors of MMPs and collagen type-I are potential therapeutic agents for KS.

Halofuginone (Tempostatin™), a synthetic quinazolinone alkaloid derivative, induced anti-
angiogenic, anti-metastatic and anti-proliferative effects in preclinical studies [13]. It exerts
anti-proliferative effects on various cell types and lines, including bovine aortic ECs [14]. It
also inhibits several essential stages of angiogenesis, namely, EC proliferation, MMP-2
expression, BM invasion and extracellular matrix deposition by newly formed vessels, and
inhibits collagen type-I synthesis during angiogenic sprouting [13–16]. Inhibition of type-I
collagen and transforming growth factor-β signaling may partly explain halofuginone’s anti-
fibrotic properties in vitro and in vivo [17–19]. Halofuginone also inhibits bFGF-induced
neovascularization [13]. These data suggested that halofuginone might have activity in KS.
Therefore, the AIDS Malignancy Consortium undertook a phase II study of topical
halofuginone in patients with AIDS-related KS using a novel design with blinded intra-
patient vehicle control to evaluate its clinical activity and ability to inhibit its proposed
targets.

PATIENTS AND METHODS
Patients

Eligible subjects were HIV-seropositive, ≥ 16 years old, with biopsy-proven KS, life
expectancy ≥3 months, KPS≥60, and adequate hematologic, renal and liver function.
Negative serum β-HCG and contraception was required for women of childbearing
potential.

Subjects receiving antiretroviral therapy (ART) had to be on a stable regimen for ≥12 weeks
without KS regression. At least 14 KS skin lesions were required, of which 12 needed to be
bi-dimensionally measurable and ≥0.5cm in shortest dimension.

Subjects were excluded for: visceral KS or edema requiring chemotherapy; anti-neoplastic
treatment within four weeks; local therapy of any treated lesion within 60 days; use of
corticosteroids or investigational agents; active infections or serious medical illnesses within
14 days; pregnancy or breast feeding.

Study Drug
Halofuginone (NSC 713205) was supplied by Collgard Biopharmaceuticals Ltd (Atlanta,
GA) to the National Cancer Institute (NCI) Division of Cancer Treatment and Diagnosis
(DCTD) under a Cooperative Research and Development Agreement as a 0.01% w/w
ointment and distributed by the Pharmaceutical Management Branch (PMB), Cancer
Therapy Evaluation Program, DCTD, NCI. In addition to the active ingredient, the ointment
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contained beeswax, paraffin oil, white petrolatum, borax, and deionized water. The
matching vehicle contained only the inactive ingredients. Ointment tubes were stored at 2–
8°C.

Treatment
After obtaining written informed consent, 12 measurable lesions were divided into two
groups of six, designated Group A and Group B. Subjects were supplied with diagrams and/
or photographs to facilitate lesion identification. For the first 12 weeks, tubes designated A
and B containing either halofuginone or vehicle ointments were supplied in a blinded
fashion. Ointment A was applied to Group A lesions and ointment B was applied to Group B
lesions twice daily. An option for 12 weeks of additional open-label halofuginone was
available to subjects with stable or responding disease.

Criteria were included for treatment modification and dose-limiting toxicity if systemic
adverse events (AEs) occurred. For ≥grade 3 local toxicity, treatment was held until the
grade decreased to ≤1 and then resumed once-daily. If ≥grade 3 local toxicity recurred on
the reduced-dose schedule, the subject was withdrawn.

Monitoring
Baseline and on-treatment measurements included CBC, serum chemistries, CD4 counts and
percentages, HIV-1 and KSHV viral loads, vital signs, performance status and tumor
assessments. In addition, 4mm punch biopsies of two KS lesions were obtained at baseline
for measurement of secondary endpoints. On-study biopsies of one lesion each from Group
A and Group B were performed at days 29 and 85.

KS Evaluations
To be evaluable for response, three 4-week cycles of treatment were required. KS response
was evaluated at 4-week intervals using two assessment methods, Treatment Response (TR)
and Overall Response (OR). TR evaluated only treated lesions, and measured local efficacy.
Specifically, complete TR was total resolution of all lesions in a group. Partial TR (PR) was
a ≥50% decrease in the sum of the products of the largest perpendicular diameters of the six
lesions in each group, without an increase in the number of raised lesions, and/or a decrease
in the number of raised lesions from ≥4 to ≤2, without an increase in the sum of the
products of the largest perpendicular diameters of the lesions by ≥25% above baseline.
Subjects with <4 raised lesions in a lesion group at baseline were not assessable for TR
based on lesion flattening. Progression was ≥25% increase in the sum of the products of the
largest perpendicular diameters of the lesions in a given treatment group and/or an increase
in the number of raised lesions in a group by ≥2. Stable disease was any response not
meeting criteria for response or progression. OR included assessments of lesions in addition
to the 12 treated lesions, changes in tumor-associated edema and development of visceral
disease using previously-described criteria[20]. OR was primarily intended to determine the
need for alternative therapy, but could also detect treatment-induced systemic antitumor
effects.

Biologic Endpoints
Formalin-fixed and paraffin embedded biopsy specimens were evaluated for collagen type-I
mRNA expression by in situ hybridization and for MMP-2, VEGF and KSHV-LANA
expression by immunohistochemistry (IHC) (see Methods, Supplemental Digital Content 1).
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Pharmacokinetic Evaluations
Halofuginone plasma concentrations were measured in 10 patients remaining on treatment at
week 8 immediately before the first daily ointment application (trough), and 1, 2 and 4 hours
after application. We used a validated liquid chromatography-tandem mass spectrometric
assay that can detect ≥1ng/mL [21].

Statistical Considerations
The study was designed to detect a difference in TR rate between 15% in vehicle-treated and
35% in halofuginone-treated lesions. To detect this difference at the one-sided 0.05
significance level with 0.78 power using McNemar’s chi-square test, assuming ≤25% of the
patients had discordant results, required 30 patients.

Patients were randomly assigned to arm 1 (A=Halofuginone, B=Vehicle) or arm 2
(A=Vehicle, B=Halofuginone). Pre-labeled ointment tubes were shipped by PMB to the
sites per randomization assignment. Vehicle and halofuginone response rates were compared
using McNemar’s chi-square test. Changes from baseline to weeks 4 and 12 in MMP-2,
VEGF and collagen type-I were compared for halofuginone- and vehicle-treated lesions
using the Wilcoxon signed rank test. The Spearman rank correlation coefficient was used to
assess correlations between normalized number of LANA-positive cells and absolute CD4
count or viral loads. Baseline KSHV viral loads in responders and non-responders were
compared with the Wilcoxon rank sum test.

RESULTS
Patient Characteristics

Twenty-six patients enrolled; three withdrew before receiving treatment. Because of slow
accrual, the study was stopped before the planned 30 patients enrolled. Table 1 summarizes
baseline patient characteristics.

Adverse Events (AEs)
Treatment was well-tolerated. Twelve patients reported 109 AEs; all but four were grade 1
(66 events) or 2 (39 events). Only nine AEs (6 grade 1) were considered at least possibly
related to study drug; five were local reactions, one of which led to patient withdrawal.

Kaposi’s Sarcoma Response
Fourteen subjects completed 12 weeks of therapy. Three terminated for KS progression. Six
of 23 patients terminated for reasons other than progression before 12 weeks and were not
assessable for TR.

Four of 17 patients who were assessable for TR showed PR in halofuginone-treated lesions
only, two showed PR in vehicle-treated lesions only, and two showed PR in both lesion
groups. The respective response rates were 35% (95% CI, 14–62%) and 23.5% (95% CI, 7–
50%) in halofuginone- and vehicle-treated lesions, p=0.683.

Of the 23 patients assessed for OR, seven (30%) showed PR (95% CI, 13–53%), 11 showed
stable disease as the best response, 4 showed KS progression and one was treated for only 2
weeks and was not evaluable. There was no significant difference between responders and
non-responders with respect to baseline KSHV viral load (data not shown).
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Pharmacokinetics
None of 10 subjects in whom plasma halofuginone was assayed had detectable drug
concentrations at any timepoint.

Biological Responses
Collagen type-I mRNA decreased significantly in halofuginone-treated lesions at week 4
and showed a similar trend at week 12, whereas vehicle-treated lesions showed no change.
VEGF decreased significantly only in vehicle-treated lesions and only at week 4. There were
no differences in MMP-2 and VEGF protein levels between halofuginone-and vehicle-
treated lesions at any timepoint (see Table, Supplemental Digital Content 2, which
summarizes changes from baseline in expression of angiogenic markers).

The number of LANA-positive cells ranged from 13 to >4000, and tended to be higher in
lesions with more cellularity and spindle cell density (Figure 1). The percentage of LANA-
positive cells ranged from 0.49 to 15%. Total numbers of LANA-positive cells normalized
to both total area and number of nuclei were compared at baseline and weeks 4 and 12 and
between halofuginone- and vehicle-treated lesions. No differences were observed over time
or between treatments. Adjustment of collagen type-I, MMP-2 and VEGF expression data
for LANA expression did not influence results for those parameters. Furthermore, the
average number of LANA-positive cells at baseline for each patient did not correlate with
CD4 counts or with either KSHV or HIV viral load. Given data suggesting that halofuginone
inhibits the TH17 lymphocyte subset [22], we investigated CD4 counts and HIV viral loads,
but observed no changes during the study.

DISCUSSION
Inhibition of angiogenic pathways has shown promise for KS treatment in several clinical
trials. Targeted, orally-bioavailable agents including COL-3 and imatinib have influenced
KS development pathways and induced therapeutic effects [23,24]. However, responses
were rarely complete, only a subset of patients responded, and systemic side-effects were
observed, supporting evaluation of topical agents that could potentially influence pathways
involved in KS development.

Because of its critical roles in blood vessel assembly, we hypothesized that collagen type-I
inhibition might induce KS regression. Although halofuginone inhibited collagen type-I in
KS lesions, it had no effect on MMP-2 expression and no clear clinical benefits resulted.
The decrease in VEGF expression observed in vehicle-treated lesions at week 4 is
unexplained, but needs to be interpreted in the context of a small study with relatively few
samples. The significance of the heterogeneity in the number of KSHV-infected cells in KS
lesions is unclear, as it did not correlate with HIV viral loads or CD4+ cell counts.
Nevertheless, this observation could have important pathobiological implications, in that
infection of rare cells within KS lesions is sufficient for lesions to develop.

A potential limitation of our study is that subjects could have applied both ointments to all
their lesions to maximize potential therapeutic effects, obscuring any differences. Our
finding that collagen type-I expression decreased only in halofuginone-treated lesions argues
against this explanation. A more likely explanation is that collagen type-I inhibition is
insufficient to inhibit angiogenesis. In addition, although most patients had been on ART for
≥12 weeks, it is likely that at least some responses reflect delayed antitumor effects of ART.
Finally, because accrual fell short of the intended goal and the response of many patients
could not be evaluated, the study lacked power to make definitive statements about efficacy.
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Despite its limitations, this study presents a novel design applicable to future trials of
topical, non-absorbed agents in which the patient could serve as his own control. Such trials
must include biologic endpoints that would not only address drug mechanisms but could
also help assess compliance for drugs with known targets.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Immunohistochemical staining for KSHV LANA shows significant heterogeneity
among different patients
A and B: a representative biopsy with a scant number of LANA-positive spindle cells. C and
D: a biopsy from another patient with a moderate amount of LANA positivity. E and F:
numerous LANA positive cells in a biopsy that showed a nodule with a dense concentration
of spindle cells. (A,C,E: LANA, 2 × magnification; B,D,F: LANA, 20 × magnification).
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Table 1

Demographics and Selected Baseline Characteristics

Male, number (%) 23 (100)

Race/Ethnicity, number (%)

 Hispanic, white 3 (13)

 Non-Hispanic, white 13 (57)

 Non-Hispanic, black 6 (26)

 Ethnicity unknown, black 1 (4)

Age

 Mean (± SD), years 43.1 (8.7)

 Range 23 – 62

Absolute CD4 count

 N 21

 Mean (± SD), cells/μl 301.5 (178.3)

 Range 2 – 693

Plasma HIV RNA level undetectable 15/22 (68%)

Prior KS Treatment, number (%) 21 (91)

 Local Therapy 8 (35)

 Interferon 4 (17)

 Systemic Chemotherapy 13 (57)

 Investigational Therapy 12 (52)

Receiving Antiretroviral Therapy, number (%) 21 (91)

 Protease inhibitor-based regimen 10 (43.5)

 NNRTI-based regimen 10 (43.5)

 Other 1 (4)

KSHV viral load, median copies/mL (range) 34,800 (0 – 2870000)
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