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Activity of subcutaneous interleukin-12 in AIDS-related Kaposi sarcoma
Richard F. Little, James M. Pluda, Kathleen M. Wyvill, Isaac R. Rodriguez-Chavez, Giovanna Tosato, Andrew T. Catanzaro,
Seth M. Steinberg, and Robert Yarchoan

Interleukin-12 (IL-12) enhances Th1-type
T-cell responses and exerts antiangio-
genic effects. We initiated a phase 1 pilot
study of IL-12 in 32 patients with acquired
immunodeficiency syndrome (AIDS)–re-
lated Kaposi sarcoma (KS) whose KS was
progressing while on antiretroviral
therapy. Fifteen patients had poor progno-
sis T1S1 disease. IL-12 was administered
subcutaneously twice weekly at doses
from 100 to 625 ng/kg. The maximum
tolerated dose was 500 ng/kg, and the
principal toxicities were flulike symp-

toms, transaminase or bilirubin eleva-
tions, neutropenia, hemolytic anemia, and
depression. No tumor responses were
seen at the lowest dose (100 ng/kg), but
17 of 24 evaluable patients at the higher
doses had partial or complete responses
(response rate, 71%; 95% confidence in-
terval, 48%-89%). Only 3 of 17 patients
had a change in antiretroviral therapy
before responding, and there were no
significant differences between respond-
ers and nonresponders with regard to
changes in CD4 counts or viral loads.

Patients had increases in their serum
IL-12, interferon-�, and inducible pro-
tein-10 (IP-10) after the first dose, and
increases above baseline persisted after
week 4. These results provide preliminary
evidence that IL-12 has substantial activ-
ity against AIDS-related KS with accept-
able toxicity and warrants further investi-
gation for this indication. (Blood. 2006;
107:4650-4657)

© 2006 by The American Society of Hematology

Introduction

Kaposi sarcoma (KS), the most common tumor associated with
human immunodeficiency virus (HIV) infection, is a multicentric
angioproliferative disorder that frequently involves the skin.1,2 KS
is caused by Kaposi sarcoma–associated herpesvirus (KSHV), also
called human herpesvirus-8 (HHV-8), a gammaherpesvirus that
contains several genes with angiogenic activity.3-5 The tumor cells
of KS are spindle cells, and there is evidence that paracrine and
autocrine stimulation of these cells by angiogenic and other factors
is central to tumor pathogenesis.2,6 KS is not curable, and while
some cases of acquired immunodeficiency syndrome (AIDS)–
related KS respond to highly active antiretroviral therapy (HAART)
or interferon alpha, long-term palliative cytotoxic therapy is often
required.7-11 However, cumulative toxicity can limit the ability to
continue otherwise effective therapy. The development of less toxic
patient self-administered long-term therapy would thus be an
important therapeutic advance.

Interleukin-12 (IL-12) is a heterodimeric glycoprotein cyto-
kine that exerts a number of effects on T lymphocytes and
natural killer (NK) cells.12-18 IL-12 can promote the develop-

ment of Th1-type helper T cells, facilitate cytotoxic T-cell
responses, enhance the NK-cell lytic activity, and induce
production of interferon � (IFN-�). IL-12 showed antitumor
activity in a number of animal models.19,20 It was subsequently
shown that IL-12 can inhibit angiogenesis and that this effect
was mediated through inducible protein 10 (IP-10) and mono-
kine induced by interferon gamma (Mig).21-23 This ability of
IL-12 to inhibit angiogenesis made it attractive to evaluate as
treatment for KS. Also, it has been found that HIV-infected
patients have reduced IL-12 production and that HIV-specific
T-cell responses can be restored by IL-12 in ex vivo peripheral
blood cells from these patients.24,25

Several phase 1 studies demonstrated that IL-12 could be
administered to patients with acceptable toxicity.26-28 With this
background, we initiated a phase 1 pilot study of IL-12 in patients
with HIV-associated KS. The study was designed to test several
doses of IL-12 because of the possibility that HIV-infected patients
might react differently to this cytokine than patients with intact
immune systems. The study also permitted the accrual of additional
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patients at the maximum tolerated dose to study the toxicity and
activity profile of IL-12 in this disease.

Patients, materials, and methods

Study population

Patients 18 years or older with HIV and biopsy-proven KS were eligible if they had
KS evaluable by noninvasive methods, more than a 3-month life expectancy, and
Karnofsky performance status of 70 or greater. Patients had to be receiving a stable
regimen of at least 2 anti-HIV drugs for 4 weeks prior to entry. Patients with
life-threatening KS were ineligible. Patients could not have received specific
anti-KS therapy within 3 weeks, pharmacologic doses of systemic glucocorticoids
within at least 2 weeks, or either bone marrow–stimulating factors (except
erythropoietin) or cytokines within 2 weeks of entry. Patients had to have a
hemoglobin level of 90 g/L (9.0 g/dL) or higher, an absolute neutrophil count of
0.75 � 109/L (750 cells/mm3) or higher, and a platelet count of 75 � 109/L (75 000
cells/mm3) or higher. Patients had to have a total bilirubin level of 63.3 �M (3.7
mg/dL) or less, and were ineligible if they had an aspartate transaminase level of
more than 2.5 times the upper limit of normal or history of hepatic cirrhosis.
Additional exclusion criteria included recent severe infections or clinically signifi-
cant autoimmune disease.The protocol and informed consent were approved by the
National Cancer Institute institutional review board, and all patients gave written
informed consent, in accordance with the Declaration of Helsinki.

Treatment regimen

This dose-escalating pilot/dose-finding study was conducted at the NIH Clinical
Center, Bethesda, MD. IL-12 was provided by the Cancer Therapy Evaluation
Program (CTEP) of the NCI through an agreement with the manufacturer,
Genetics Institute, Cambridge, MA. Cohorts of 3 to 6 patients were to be
successively entered and administered IL-12 subcutaneously twice weekly at the
following doses: 100, 300, 500, 625, and 750 ng/kg. When a toxic dose (at which
2 or more patients developed dose-limiting toxicity within the first 4 weeks) was
reached, up to 10 additional evaluable patients could be entered to receive the
dose below that, considered the maximum tolerated dose (MTD). The protocol
initially called for IL-12 to be administered by a health professional, but was later
amended to permit self-administration. One 50% dose reduction was permitted
for dose-limiting toxicities that resolved to grade 1 within 4 weeks while the drug
was temporarily stopped. Patients were initially treated for up to 6 months as long
as they did not meet criteria for leaving the study, which included dose-limiting
toxicity, life-threatening infections, or progression of KS requiring cytotoxic
chemotherapy. The protocol was subsequently amended to allow patients to
receive IL-12 indefinitely as long as the study remained open and they did not
meet criteria for leaving the study.

Evaluations of patients and response assessment

Patients were evaluated at entry, once weekly for the first 6 weeks, and
every 4 weeks thereafter. History, physical examinations, and routine
laboratory assessments were performed at each visit. Toxicity was graded
using the NCI common toxicity criteria version 1.0.29 Patients were
assigned at entry into good or poor prognostic KS groups based on tumor
involvement at the time of most extensive disease (T), immunologic status
(I), and systemic illness (S).30 Response assessments were made using a
minor modification of the method developed by the AIDS Clinical Trial
Group.31,32 Only lesions that had never received local therapy were
assessed. Assessments of visible lesions were made every 4 weeks, and
radiologic and photographic documentation was obtained when possible
every 8 weeks as well as at the end of treatment.

Patients were considered evaluable for tumor response if they com-
pleted at least 8 weeks of therapy or progressed before that point. A partial
response (PR) was defined as no progressive disease (PD) and at least a
4-week persistence of a 50% decrease in the sum of the cross products of 5
marker lesions identified at entry, 50% reduction in the total number of
lesions, flattening of 50% or more of the nodular lesions, or 50% decrease in
radiologically measurable visceral lesions. For patients with more than 50
lesions at entry, representative areas of the body were selected and assessed.

A complete response (CR) was defined as the absence of any evident
disease for 4 weeks with confirmation by biopsy. PD was defined as either
an increase from baseline of 25% or more in the parameters used to define a
PR or development of new or increasing tumor-related edema or effusion
that interfered with the patient’s normal activities. When possible, designa-
tion of progression was made when the criteria were met in 2 measurements
spaced at least one week apart. Duration of response was defined as the
interval between the first achievement of response and the documentation
of PD. Stable disease was defined as disease that did not meet any of the
criteria for other responses.

Analysis of immunologic and virologic parameters

Lymphocyte subsets were assessed by fluorescent-activated cell sorting.33

HIV-1 mRNA levels in plasma were measured by quantitative RNA
polymerase chain reaction (Roche Amplicor HIV-1 Monitor Kits; Roche
Diagnostic Systems, Branchburg, NJ); the lower limit of detection initially
was 200 copies/mL, but after July 1999 was fewer than 50 copies/mL. Viral
load measurements below the limits of detection with the less sensitive
assay were subsequently repeated on stored plasma using the more sensitive
test. Serum collected at entry and every 4 weeks was assessed in batches for
levels of IL-12, IFN-�, and IP-10 using enzyme-linked immunosorbent
assays (R&D Systems, Minneapolis, MN). Also, serum for the measure-
ment of these parameters was drawn 18 hours after the first dose of IL-12, starting
with the 300-ng/kg dose group. The baseline level on each patient (from a sample
obtained before treatment) was compared with the median of the levels from
samples on the same patient obtained between weeks 4 and 20.

Statistical analyses

Changes in CD4 counts, log10 viral load, and serum cytokine levels from
entry to subsequent time points were determined by subtracting the
appropriate paired values from one another, and the difference was tested
for being significantly different from zero using the Wilcoxon signed rank
test. For viral load measurements below the level of detection, the log 10
value of 50 (1.69) was used. Differences between absolute CD4 counts,
changes in absolute CD4 counts, or log viral loads between groups of
patients were evaluated using an exact Wilcoxon rank sum test. The
Jonckheere-Terpstra test for trend was used to assess the significance of a
difference in values of a continuous parameter according to an ordered
category, such as clinical response.34 All P values are 2-sided and were not
adjusted for multiple comparisons. Progression-free survival was calculated
from the date of joining the study until the date of progression or the date
patients were taken out of the study as appropriate. Progression-free
survival was also calculated using clinical assessments made after the
patient came off this study, as long as the patient did not receive other
specific anti-KS therapy. The probability of progression-free survival was
determined by the Kaplan-Meier method.

Results

Baseline patient demographic, virologic,
and immunologic characteristics

Thirty-two male patients aged 27 to 51 years were enrolled
between January 2, 1997, and October 10, 2001 (Table 1). Two
patients originally enrolled at the 100-ng/kg dose were subse-
quently re-enrolled at a higher dose for a total of 34 enrollments.
Three to 6 patients were entered per dose until the toxic dose was
defined, and 11 additional patients were subsequently enrolled at
the maximum tolerated dose (500 ng/kg). In all, 5 patients were
enrolled at the 100-ng/kg dose, 8 at the 300-ng/kg dose, 17 at the
500-ng/kg dose (including the 2 re-enrollments), and 4 at the
625-ng/kg dose.
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At entry, all but 2 patients were on HAART, defined as a
combination of 2 nucleoside reverse transcriptase inhibitors (NR-
TIs) and either a protease inhibitor or a non–nucleoside reverse
transcriptase inhibitor. The other 2 patients were receiving dual
NRTI therapy. All patients had worsening of their KS on this stable
antiretroviral regimen during the weeks just preceding their entry.
All but 6 of the 32 patients had received specific prior anti-KS
therapy. Nineteen had received systemic chemotherapy, and 13 had
received prior investigational therapy. According to a modification
of the AIDS Clinical Trials Group TIS staging system for KS,30

refined for lack of prognostic significance of CD4 cell level in the
era of HAART,35 19 patients were assessed as being good risk
(either T0 or S0) and 13 patients (15 enrollments), as poor risk
(T1S1). All of the poor-risk patients had history of pulmonary or
visceral KS or tumor-associated edema or extensive oral involve-
ment and prior AIDS-related systemic illness. Of the good-risk
patients, 13 had extensive cutaneous involvement (50 or more
lesions). Two had CD4 cell counts of less than 150/mm3, and 3 had
prior HIV-related illness.

The median entry CD4 cell count was 306 cells/mm3 (range,
33 to 745 cells/mm3), and the median entry HIV viral load was
2.70 log10 (range, � 1.69-5.20 log10). For those with T1S1 (poor
risk) disease, the median entry CD4 cell count was 156
cells/mm3 (range, 33-506 cells/mm3), while for those patients
with good risk, the median entry CD4 cell count was 364
cells/mm3 (range, 69 to 745 cells/mm3). The median HIV-1 viral
load was similar between the TS-defined risk groups: 2.91 log10

copies mRNA/mL (range, � 1.69-4.99 log10) for the poor risk, and
2.61 log10 mRNA/mL (range, � 1.69-5.20 log10) for the good risk.

Treatment and outcome

Toxicity. Patients received IL-12 for a median of 5.5 months
(range, 0 to 57.5 months). The principal laboratory and clinical
toxicities observed are listed in Table 2. One of the 4 patients on the
625-ng/kg dose came off the study for fever and night sweats
during the first 4 weeks, and 1 had to have his dosing stopped for

Table 2. Principal toxicities observed on IL-12

Toxicity, grade

100
ng/kg
IL-12

300
ng/kg
IL-12

500
ng/kg
IL-12

625
ng/kg
IL-12

Laboratory toxicities

Anemia without hemolysis

Grade 3 0 1 0 0

Anemia with hemolysis

Grade 2 0 1 1 0

Grade 3 0 0 1 0

Grade 4 0 0 1 0

Neutropenia

Grade 3 1 2 6 2

Grade 4 1 4 7 1

Elevated bilirubin

Grade 3 0 2 4 1

Grade 4 0 0 1 0

Elevated transaminase

Grade 3 0 5 2 2

Elevated amylase

Grade 3 0 1 0 0

Clinical toxicities

Constitutional†

Grade 2 2 3 10 2

Grade 3 0 0 1 1

Arthralgia

Grade 2 0 0 3 2

Depression

Grade 1 0 0 3 1

Grade 2 0 2 2 1

Grade 5 0 1 0 0

Headache

Grade 2 0 2 4 2

Grade 3 0 0 1 0

Nausea

Grade 2 0 0 2 2

Vomiting

Grade 2 0 0 2 1

Skin rash

Grade 3 0 0 0 1

Weight loss

Grade 3 0 1 0 0

Shown here are the principal toxicities and the grades observed in patients
receiving IL-12 that were not primarily attributed to another cause. All patients were
assessable for toxicity. For patients receiving 100 ng/kg, n � 5; 300 ng/kg, n � 8; 500
ng/kg, n � 17; and 625 ng/kg, n � 4. Shown are all toxicities of grade 3 and above. In
addition, anemia with hemolysis and other noteworthy toxicities of grade 2 are shown,
as well as any grade of depression. In addition to these toxicities, (1) 1 patient on the
100-ng/kg dose had grade 3 anemia attributable to zidovudine; (2) 3 patients had
elevated bilirubin levels (1 grade 3 and 2 grade 4) attributable to indinavir administra-
tion (and in one case also to sepsis); (3) 1 patient on the 300-ng/kg dose died of
sepsis arising in a site of KS 1 week after stopping dosing, and 1 patient on the
500-ng/kg dose died of complications from concurrent multicentric Castleman
disease and antithrombotic therapy administered for a possible pulmonary embolism.
In addition, one patient on the 500-ng/kg dose developed a grade 4 elevated bilirubin
and transaminases, which on investigation were found to be attributable to his taking
at least twice the prescribed dose.

*In addition to the anemia with hemolysis toxicities noted, one patient on the
500-ng/kg dose and one patient on the 625-ng/kg dose was found to have increased
hemolysis without anemia.

†Constitutional symptoms observed were fevers, myalgias, and fatigue.

Table 1. Characteristics of patients at entry

Characteristic Value

No. of patients (no. of enrollments*) 32 (34)

Age, y

Median 39

Range 27-51

CD4 cells/mm3

Median 306

Range 33-745

HIV viral load, log10 copies/mL

Median 2.70

Range 1.69-5.20

Antiretroviral therapy, no. of patients

HAART 32

Dual NRTI therapy 2

TS prognostic category, no. of patients

Good (T0 or S0) 19

Poor (T1S1) 15

Extensive tumor (T1) 27

Advanced HIV disease (S1) 18

Other characteristics, no. of patients

150 or fewer CD4 cells/mm3 9

Prior opportunistic infection 12

Resistant HIV† 9

More than 50 KS lesions 26

Prior KS therapy, no. of patients

Radiation therapy 5

Systemic chemotherapy 21

Investigational therapy 13

*Two patients originally enrolled at 100 ng/kg were re-enrolled at a higher dose.
Subsequent analyses refer to the 34 enrollments.

†Resistant HIV was defined as an HIV viral load of more than 3.3 log10 copies/mL
in a patient who had received multiple HIV regimens and was currently on an anti-HIV
regimen.
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toxicity (rash) at week 7; this was thus considered a toxic dose, and
the 500-ng/kg dose the MTD.

The most frequent laboratory toxicities of grade 3 or higher
were neutropenia, elevated bilirubin, and elevated transaminase
levels (Table 2). One patient on the 500-ng dose developed grade 4
elevations of bilirubin and hepatic transaminases; on questioning,
he had been self-administering himself at least twice the intended
amount of IL-12. These abnormalities improved upon discontinu-
ing the IL-12. Four patients developed anemia with hemolysis of
grade 2 or higher, and an additional patient developed hemolysis
without anemia. One patient with hemolysis on the 500-ng/kg dose
was found to have parvovirus B19 infection; he recovered with
temporary stopping of IL-12 and intravenous immunoglobulin
therapy, and was then restarted on IL-12 without difficulties. In
each of the other cases, the anemia with hemolysis resolved upon
stopping the IL-12.

The most common clinical toxicities were low-grade flulike
symptoms characterized by fevers, chills, fatigue, headache, arthral-
gias, and myalgias (Table 2). Overall, grade 3 constitutional
symptoms occurred in one patient each at the 500-ng/kg and
625-ng/kg doses, and grade 2 constitutional symptoms occurred in
a total of 17 patients, most frequently in those on the 500- and
625-ng/kg doses. Other relatively frequent clinical toxicities of
grade 2 or above and at least possibly related to IL-12 included
arthralgia (5 patients), depression (6 patients), headache (9 pa-
tients), nausea (4 patients), vomiting (3 patients), skin rash
(1 patient), and weight loss (1 patient) (Table 2). Overall, depres-
sion of any grade worsened or was noted in 10 patients while on
IL-12. While none of these patients appeared to be depressed at
entry, 8 patients were on antidepressant medication, and an
additional patient had a history of depression. Because most
patients had pre-existing depression, it was not initially linked to
IL-12 administration; however, a possible relationship to the drug
became more apparent when several patients reported mood
improvement after IL-12 was stopped. In one patient, depression
was accompanied by paranoid thoughts. One patient on the
300-ng/kg dose level died from suicide after 63 weeks on IL-12. He
was on antidepressant medication at entry, and multiple illicit drug
use was uncovered during investigation of his death. The illicit
drug use was thought to be a major factor leading to the suicide,
although a contribution of IL-12 to his depression could not be
absolutely discounted. Two other patients died from apparent
complications of their disease or other therapies. One died of sepsis
arising in a site of KS; he had received paclitaxel after stopping
IL-12 and was neutropenic when he died. The other died of
complications of concurrent Castleman disease (Table 2). These
were the only 3 deaths from any cause in the study. Arthralgia and
headaches were generally most pronounced after the first few doses
of IL-12 and largely resolved after this time. At the doses below the
MTD, a total of 4 patients left the study for toxicity: 1 patient each

at the 300-ng/kg and 500-ng/kg doses for hepatic transaminitis
elevations and 2 at the 500-ng/kg dose for hemolytic anemia. Other
than these patients, the drug was generally well tolerated at doses
up to 500 ng/kg except for mild constitutional symptoms during the
first 2 or so weeks of dosing.

KS tumor response. Of the 34 patients who entered, 28 were
evaluable for tumor responses. Of these, there were 17 major
responses (4 pathologically confirmed CRs and 13 PRs) for an
overall response rate of 61% (95% confidence interval [CI], 41% to
78%; Table 3). It should be noted that one of the patients scored as a
CR had some residual edema in his lower extremities that was
thought to be related to prior extensive radiotherapy of this region.
None of the 5 patients who received the 100-ng/kg dose had
responses, and this dose did not appear to be active. Considering
the next 2 doses, 300 ng/kg and 500 ng/kg, which were tolerable for
long-term dosing, 15 of 21 evaluable patients responded for an
overall response rate of 71% (95% CI, 48% to 89%). The response
rate in the 3 evaluable patients at the highest (625 ng/kg) dose was
essentially the same (67%) as that seen at the previous 2 doses, and
for subsequent analyses of active doses, this dose will be included
for completeness. This results in a total of 17 responses in 24
patients (71%) treated on the 300- to 625-ng/kg dose levels (95%
CI, 49% to 87%). Finally, taking all patient entries on an
intent-to-treat basis, major responses were seen in 17 of 34 entries
for a response rate of 50% (95% CI, 32% to 68%). This trial
underwent a response review conducted by CTEP on December 11,
2000, and the responses were confirmed.

The median time to first response (partial or complete) was 18
weeks (range, 6 to 56 weeks). Of interest, 3 patients who responded
first had tumor progression, but according to the protocol were able
to continue IL-12 therapy; 1 of these 3 went on to have a CR. The 4
patients who attained a CR did so at 68, 169, 243, and 253 weeks
after entry; these patients then had their IL-12 stopped within 6
weeks of attaining a CR. For the evaluable patients at the doses
thought to be active (300 ng/kg and higher), the median progression-
free survival was not reached, although the probability of progres-
sion-free survival at 4 years was 82% (Figure 1). After completing
the study, the majority of patients were followed in the NCI clinic.
If this poststudy period is included and patients were censored
when they received additional KS therapy (exclusive of HAART)
or were lost to follow-up, the probabilities of progression-free
survival were 77% at 36 months, 67% at 60 months, and 50.5% at
80 months. Of the 4 patients with a CR, 2 continued HAART and
had a sustained CR with no further anti-KS therapy when last seen
15 and 34 months after the IL-12 was stopped. Two of the patients
who had a CR decided to stop their HAART, and these patients both
had recurrence of their KS 42 and 43 months after their CR.
Overall, there were no clear differences in the response rate or the
duration of the overall response among patients on the 300-, 500-,
or 625-ng/kg doses.

Table 3. KS tumor responses by dose of IL-12

IL-12, ng/kg No. of patients
No. of evaluable

patients CR PR SD PD PR � CR (% of evaluable patients)

100 5 4 0 0 0 4 0 (0)

300 8 7 1 5 0 1 6 (86)

500 17 14 3 6 3 2 9 (64)

625 4 3 0 2 0 1 2 (67)

300 to 625 29 24 4 13 3 4 17 (71)

Total 34 28 4 13 3 8 17 (61)

KS responses to IL-12 analyzed by dose administered.
Numbers in parentheses are the major responses (partial plus complete responses) expressed as a percentage of evaluable patients.
CR indicates complete response; PR, partial response; SD, stable disease; and PD, progressive disease.
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Of the 28 patients evaluable for response, 13 were poor risk
(T1S1) and 15 were good risk (T0 or S0). Overall, 11 (73%) of 15
good-risk patients had a major response, while 6 (46%) of 13
poor-risk patients responded (Table 4). The median entry CD4
count of those who responded with a PR or CR was higher than
those who failed to respond (median, 370 cells/mm3 vs 191
cells/mm3; P � .026). In addition, the median entry log10 viral load
(particles/mL) was slightly lower in the responders compared with
the nonresponders. (1.75 vs 3.66, P � .04) Considering patients at
all dose levels, there was no difference in the fraction of evaluable
patients who responded between those who did or did not have
previous anti-KS therapy (13/23 responses in patients with prior
therapy vs 4/5 in those without; P � .62 by 2-tailed Fisher exact
test).

All the patients who responded had been on a stable antiviral
regimen for at least 12 weeks, and in each case the KS was
worsening on this regimen in the weeks prior to entry. Information
on the antiretroviral therapy in the 17 patients who had major tumor
responses (partial or complete) is provided in Table 4. All but one
had been on HAART for at least 12 weeks prior to entry, and 9 had
been on HAART for more than a year. Moreover, 13 of the 17
patients had been on HAART for more than a year at the time

they had a tumor response, and only 3 of the patients who
responded had any change in their antiretroviral therapy prior to
response (Table 4).

Relationship of tumor response to CD4 count and viral load
change. KS responses to antiretroviral therapy appear to be
mediated in part through effects on HIV viral load and CD4
counts. To further study the possible influence of antiretroviral
therapy on the KS responses, we analyzed the CD4 counts and
viral loads. We considered the changes in these parameters
between entry and either week 12 or the time of tumor response
(or last time in the study if patients had stable disease). When
considering all evaluable patients, there was a small drop in the
median absolute CD4 count from entry (median, 306 cells/mm3)
to week 12 of 46 cells/mm3 (P � .005, Wilcoxon signed rank
test) and from entry to time of response of 72.5 cells/mm3

(P � .032). However, there was no change in the log10 viral load
from entry (median, 2.51) to either week 12 (median change,
0.0; P � .93) or the time of response (median change, 0.0;
P � .81). Comparing the patients who had either a PR or a CR to
those who did not respond, there was no significant difference in
the change in CD4 cells at week 12 (median change, �46
cells/mm3 for responders vs �49 cells/mm3 for nonresponders;
P � .999). Also, there was no difference in the change in log 10
viral load at week 12 (median change, 0.0 for both groups;
P � .96). At the time of response, there was a median �104
cell/mm3 decrease in CD4 count of responders and a median �2
cell/mm3 decrease in patients without a major response (P � .22).
Finally, neither the responders nor the nonresponders had a
significant change in their median viral load at the time of
response (median change, 0.0 for responders and 0.13 for
nonresponders), and there was no significant difference between
the groups (P � .94).

Restricting the analysis to the apparent active doses of 300
ng/kg or higher, there was a trend toward a decrease in the absolute
CD4 count during IL-12 therapy (P � .053). Table 5 summarizes
the tumor responses in evaluable patients who received 300 ng/kg

Figure 1. Progression-free survival in months of evaluable patients treated with
IL-12 at a dose of 300 ng/kg or higher.

Table 4. KS risk group and HAART therapy in patients with KS responses

Patient no.
IL-12,
ng/kg

Tumor risk
category (T)*

Symptom risk
category (S) HAART at entry, wk Weeks to first PR HAART at PR, wk

ART change
prior to response

1 300 1 0 12 52 64 No

2 300 1 0 87 18 105 No

3 300 1 1 NA† 12 NA† No

4 300 1 1 44 16 60 No

5 300 1 1 14 8 21 No

6 300 1 1 207 36 243 Yes‡

7 500 1 0 23 56 79 No

8 500 1 0 113 52 165 No

9 500 1 0 12 8 20 No

10 500 1 0 169 36 205 No

11 500 1 0 38 26 64 Yes‡

12 500 1 0 16 8 24 No

13 500 0 0 82 16 98 Yes‡

14 500 1 1 113 28 141 No

15 500 1 1 78 6 84 No

16 625 0 0 142 24 166 No

17 625 0 0 176 12 188 No

HAART indicates highly active antiretroviral therapy; PR, partial response; ART, antiretroviral therapy; and NA, not applicable.
*Of the patients who were scored as T1, 8 had edema of the legs or feet, 1 had ulcerative KS lesions of the feet, 1 had pulmonary KS, 1 had oral KS, and 4 had a history of

oral KS (1 patient) or visceral KS (3 patients, 1 each with pulmonary, gastrointestinal, and extensive oral involvement).
†Patient 3 had been on dual nucleoside anti-HIV therapy with stavudine and lamivudine for 43 weeks at entry and remained on this therapy until he had a PR at week 12.
‡Patient 6 had his dose of saquinavir increased 2 weeks after entry and then changed to fortovase; KS response patient 11 had his HAART regimen changed 5 weeks

before he had a PR; KS response patient 13 had the zidovudine in his HAART regimen changed to stavudine because of anemia 4 weeks before he had a PR.
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or more IL-12 categorized by the change in CD4 count from entry
to the time of response. By an exact Jonckheere-Terpstra trend test,
there was no significant association between the change in CD4
count and the response rate (P � .22). Also, comparing responders
with nonresponders at the 500-ng/kg dose level (the only dose level
with adequate subjects to do the comparison), an exact Wilcoxon
rank sum test showed that there was no association between
response and CD4 change (P � .44).

Serum levels of IL-12, IFN-�, and IP-10. Serum levels of
IL-12, IFN-�, and IP-10 were measured at baseline and 18 hours
after the first dose in patients entered at 300 ng/kg or higher when
possible. Administration of IL-12 resulted in an increase in each of
these parameters (Figure 2). Moreover, there was a disproportion-
ate increase in the median level of each of these parameters once
the 500-ng/kg dose of IL-12 was reached; in particular, the increase
from 500 ng/kg to 625 ng/kg IL-12 resulted in more than a doubling
of the median serum concentrations of both IFN-� (from 51 pg/mL
to 146 pg/mL) and IP-10 (from 2500 pg/mL to 5053 pg/L).

Serum samples were also obtained during clinic visits every 4
weeks up to week 24. Assay of these samples showed that IL-12,
IFN-�, and IP-10 levels measured at a given time point after a dose
of IL-12 decreased somewhat during the first few weeks of dosing
but then remained above baseline at relatively constant levels. For
the patients receiving 500 ng/kg, for example, samples obtained
after week 4 were drawn a median of 77 hours after the last dose of
IL-12. Comparing these samples to the baseline values for each
patient, there was an increase in median serum IL-12 from 0.67 at
baseline to 24.4 pg/mL after week 4 (P � .001). Also, there was an
increase in median serum IFN-� from less than 8 pg/mL to 18.5
pg/mL after week 4 (P � .002) and in IP-10 from 223 pg/mL to 444
pg/mL after week 4 (P � .016).

Discussion

In this paper, we show that IL-12 given subcutaneously twice
weekly could be administered for up to 57 months in patients with
AIDS-associated KS who were receiving antiretroviral therapy and
that the MTD in this population was 500 ng/kg twice weekly.
Moreover, we show that while no responses were seen at the
100-ng/kg dose, 71% of evaluable patients receiving 300 or 500
ng/kg IL-12 had a major (partial or complete) KS tumor response.
Finally, we show that IL-12 administration to this patient popula-
tion resulted in persistent increases in measurable serum IFN-� as
well as IP-10.

Administration of HAART has been reported to induce KS
tumor responses in a subset of patients with HIV-associated
KS.36-38 This raises the question as to whether the responses were
due to IL-12 administration or antiretroviral therapy. Several
factors make it unlikely that they were simply due to HAART. First,
patients were required to be on a stable regimen of antiretroviral
therapy and all had KS that was worsening on their admission
regimen. In addition, the vast majority of patients who responded
had been on HAART for more than a year at the time of response
and only 3 had any change in their antiretroviral therapy before
responding. In this study, there was a trend downward in the CD4
counts of patients who responded, and no difference in the change
in CD4 counts between responders and nonresponders. By contrast,
patients whose KS has been reported as responding to HAART
generally had increases in their CD4 cells.36 Finally, 14 patients
who responded in the current study had advanced KS scored as T1

(Table 4). This is noteworthy in light of a recent survey of the entire
KS literature, in which only 5 patients with T1 disease were
identified who responded to HAART alone.37 Finally, there ap-
peared to be a dose relationship in the response to IL-12, with no
responses observed at the lowest (100 ng/kg) dose tested. Taken
together, these factors lend credence to the argument that IL-12 was
a substantial contributor to the responses in this study.

Preclinical studies performed with IL-12 suggested that this
agent may hold promise for the treatment of a wide variety of
tumors.12,16-23 However, in initial phase 1 studies and phase 2
clinical trials in a variety of solid tumors, IL-12 generally showed
little activity.26,28,39-41 Perhaps the most promising results prior to
this study were seen in studies in non-Hodgkin lymphoma and in
cutaneous T-cell lymphoma.42,43 Also, a relatively high (69%)
response rate was observed in a phase 1 trial of IL-12 in
combination with rituximab in patients with B-cell lymphoma.44

The results of the present study suggest that of the tumors
studied to date, KS is the most responsive to IL-12. What factors

Table 5. Relationship between KS tumor response and change
in CD4 count

Response vs entry: change
in CD4 count, cells/mm3

No. of
evaluable
patients

Response, no. (%)

Partial
response

Stable
disease

Progressive
disease

Within 50 of entry 6 1 (17) 0 (0) 5 (83)

Decrease by more than 50 16 12 (75) 1 (6) 3 (19)

Increase by more than 50 6 4 (67) 2 (33) 0 (0)

Increase by more than 100 3 3 (67) 1 (33) 0 (0)

Depicted are patients who received 300 ng/kg or more IL-12 and were evaluable
for tumor response. Change in CD4 cell count is calculated from the time of entry until
the time that patients achieved a tumor response (partial response, progressive
disease, or stable disease). Patients with stable disease are assessed at the time
they left the study. Patients who went on to develop a complete response are
assessed at the time of their first partial response.

Figure 2. Serum levels of IL-12, IFN-�, and IP-10. Shown are serum levels of (A) IL-12, (B) IFN-�, or (C) IP-10 at entry and 18 hours after the first dose of IL-12 in patients
receiving 300 ng/kg, 500 ng/kg, or 625 ng/kg IL-12. Each point depicts a serum concentration in a single patient; the lines show the median values. The dotted lines depict the
lower limit of detection for each assay.
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may account for the high level of activity? One is that the spindle
cells in KS lesions are derived from endothelial cells, and the
causative virus, KSHV, encodes for a number of factors that induce
angiogenesis.2,4,5,45-48 KS may thus be particularly responsive to
antiangiogenic approaches. Moreover, IL-12 has been shown to
help protect against other herpesvirus infections in animal mod-
els.49 Cells from patients with HIV infection produce less IL-12 ex
vivo than cells from healthy controls, and addition of IL-12 has
been shown to correct certain immune responses in T cells from
HIV-infected individuals.24,25 While studies of relatively short-term
(4 weeks or less) IL-12 administration to HIV-infected patients did
not show improvement in immunologic factors,50,51 such improve-
ment may have occurred over the longer treatment periods used in
the present study or may have involved subtle immune functions.
Indeed, the tendency of KS to occur in patients with low CD4 cells
or respond to HAART-induced CD4 increases suggests that this
tumor is responsive to immunologic control.36-38,52 A final mecha-
nism by which IL-12 may work in KS is through inhibition of a
KSHV-encoded protein, the product of ORF74. The G-protein–
coupled receptor that is encoded by ORF74 is constitutively active,
induces production of VEGF and an angiogenic state, and has been
shown to induce KS-like lesions in animal models.48,53,54 IP-10
down-regulates the activity of this receptor at concentrations
attained on this trial, and this may contribute to the activity of IL-12
in KS.55

Assays of serum IL-12, IFN-�, and IP-10 showed that these
factors were all increased 18 hours after the initial dose of IL-12.
Eighteen hours was chosen because previous pharmacokinetic
studies suggested it was near the peak of IL-12 levels.28,44,50,56 As
previously reported, increases in the dose of IL-12 resulted in a
disproportionate increase in the serum levels of IL-12 at the higher
doses50; in the present study, a similar disproportionate increase
was also seen in serum levels of IFN-� and IP-10. Moreover, this
study demonstrates that IL-12 can yield substantial increases in
IFN-� and IP-10 even in immunosuppressed patients with AIDS-
KS. In a previous study of IL-12 in patients with HIV infection, no
sustained increase in serum IFN-� levels was seen.51 By contrast, in
the present study, serum levels of IFN-�, in addition to IL-12 and
IP-10, continued to be increased above baseline in samples
obtained after week 4. This result is consistent with IL-12 having a
biologic effect on KS throughout the study.

Patients with AIDS-KS are sometimes particularly sensitive to
drug toxicity. The maximum tolerated dose of IL-12 on this study
was 500 ng/kg, and the toxicity profile was similar to that in other
tumors.26,28,39-44 Some patients were able to tolerate IL-12 for more
than 4 years, a substantially longer time than studied in other trials.
Also, consistent with previous studies, constitutional symptoms

tended to abate after the first 2 doses; to ameliorate these effects in
future studies, it may be worthwhile to use the 300-ng/kg dose and
perhaps lower doses for the first 2 weeks. One noteworthy toxicity
in this study was depression. Nearly all of these patients had
pre-existing depression, and it is difficult to tease out the exact role
of IL-12. By contrast to this study, depression has been observed
only rarely in other cancer trials of IL-12.43 Patients with AIDS-KS
may be particularly susceptible to depression, and we similarly
observed a high incidence in a recent trial of thalidomide in this
population.57 Of interest, patients with major depression have been
reported to have elevated levels of serum IL-12.58 While the results
here may in part reflect pre-existent depression in the subjects,
patients should be carefully monitored for depression in future
trials of IL-12 in other diseases.

IL-12 has been shown to enhance replication of HIV in T cells,
although this could easily be blocked with nucleoside anti-HIV
drugs.59 Patients in the study received anti-HIV therapy, and we did
not observe any increase in the HIV viral load. Additional concerns
were that there is some laboratory evidence that IFN-� may
enhance replication of KSHV in peripheral blood mononuclear
cells60,61 and that no anti-KS activity had been seen in 2 small trials
of partial purified IFN-� conducted before the development of
effective anti-HIV therapy.62,63 In spite of these concerns, IL-12
appeared to be active in a high percentage of the patients with KS.
As noted previously, several factors make it unlikely that these
responses were simply from the administration of HAART. None-
theless, a randomized trial will be needed to demonstrate conclu-
sively that IL-12 has potent anti-KS activity. Given its apparent
activity in KS, its tolerability, and lack of bone marrow suppres-
sion, such a trial is warranted.
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