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Abstract

Interleukin-2 (IL-2) is a T cell derived cytokine that leads to a sustained expansion
of the CD4+ T cell pool when given as 5-day cycles approximately every 8 weeks.
An extensive series of phase I/II studies have been carried out and have leaded to
the initiation of two phase III trials that are currently enrolling patients in 23
countries. Studies of the mechanisms of action have revealed that IL-2 is capable
of inducing the polyclonal proliferation of CD4+ and CD8+ T cells, even in the
absence of expression of the high affinity IL-2 receptor. While IL-2 leads to a 6-fold
increase in T cell proliferation and a 2-fold increase in T cell death, the primary
mechanism of action leading to expansion of the CD4+ T cell pool appears to be
an increase in CD4+ T cell survival. While early work focused on the ability of IL-2
to exert these effects in patients with relatively early stages of HIV infection, more
recent work, in the setting of HAART, indicates that these effects may be seen at
all stages of HIV disease. The results of the phase III studies should provide an
answer to the question of whether or not this is a strategy that will be of clinical
benefit.
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Introduction
HIV infection is characterized by an immunodefi-

ciency reflected in the depletion of CD4+ T cells
occurring in a setting of immunosuppression and/or
polyclonal activation reflected in the viral load1. A
simplified view of patient management from the per-
spective of the laboratory-based physician is to
keep the CD4 count as high as possible for as long
as possible, and to keep the viral load as low as
possible for as long as possible. A simplified view

from the perspective of the clinic-based physician
is to keep the patient as healthy as possible for as
long as possible. Integrating these two perspec-
tives is one of the great challenges facing HIV ther-
apeutics as we enter the 21st century.

The addition of highly active antiretroviral therapy
(HAART) to the therapeutic armamentarium has
dramatically changed our ability to treat patients
with HIV infection and, in addition to lowering the
viral load, has led to a substantial degree of recov-
ery of the immune system as evidenced by the strik-
ing decreases in AIDS-related complications2. No
such success has been seen with therapeutic
strategies that directly target the immune system;
however, much work is ongoing in these areas. The
purpose of this review is to examine the potential
role of interleukin-2 (IL-2) in expanding and main-
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taining the CD4+ T lymphocyte pool of patients with
HIV infection.

Mechanisms of action
IL-2 is a T-cell derived cytokine with a molecular

weight of 15,000 daltons that induces the activation,
proliferation and differentiation of T, B, and NK cells.
It was previously referred to as T cell growth factor.
The product most commonly used in clinical trials in
patients with HIV infection is a recombinant protein
expressed in E. coli (Proleukin™, Chiron Corpora-
tion, Emeryville, CA, USA). This product has been
licensed in some countries for treatment of metasta-
tic renal cell carcinoma and melanoma. It is avail-
able under an expanded access program in France
for patients with HIV infection and CD4+ T cell
counts under 200 cells/mm3.

IL-2 is a molecule that plays a central role in the
regulation of the immune system. Classically, rest-
ing T cells upon encountering their cognate antigen
express the alpha chain (CD25) of the high affinity
IL-2 receptor (alpha, beta and gamma chains). The
high affinity IL-2 receptor binds IL-2 leading to T cell
proliferation and differentiation. Several studies are
underway examining the ability of exogenously
administered IL-2 to enhance HIV and hepatitis C
virus (HCV) specific immune responses3. Thus far
there are no indications in patients that the adminis-
tration of exogenous IL-2 is able to enhance an
ongoing antigen-specific response. In addition to
these effects on antigen-specific immunity, IL-2 also
appears to play an important role in T cell home-
ostasis. In this scenario, IL-2 binds to cells express-
ing the intermediate affinity IL-2 receptor (beta and
gamma chains). Following this interaction cells
undergo cell division and express CD254. When
administered by intermittent intravenous infusion or
subcutaneous injection for 5 days, approximately
every 8 weeks, IL-2 leads to an expansion of the
CD4+ T cell pool with a preferential expansion of
cells of naïve phenotype5. This effect appears to be
the net result of an immediate increase in prolifera-
tion; an immediate increase in cell death and a
long-term increase in CD4+ T cell survival. The
majority of the current studies evaluating the poten-
tial role of IL-2 in patients with HIV infection have
used this latter approach.

IL-2 in patients with CD4 counts 
>200 cells/mm3

IL-2 was first studied in patients with HIV infection
in 1983. The earliest attempts used continuous infu-
sions of IL-2 for periods of up to 8 weeks. During
these studies a transient increase in CD4+ T cell
counts was noted that peaked at approximately 1
week and then declined despite the continued
administration of IL-2. Based upon these observa-
tions, studies administering IL-2 as a 5-day infusion
every 8 weeks were initiated5. Subsequent work has
demonstrated that this regimen is the optimum
duration and interval for IL-2 therapy during the
induction phase of treatment6. Similar results were

then generated for intermittent subcutaneous thera-
py7. Initial doses were in the range of 12-18 million
international units (MIU) over 24 hours. Studies of
subcutaneous dosing have indicated that increases
in CD4+ T cell count can be seen with doses as low
as 1.5 MIU bid with peak responses seen in the
range of 4.5-7.5 MIU bid for 5 days every 8 weeks8-10.
Following several cycles of IL-2, increases in CD4+
T cell numbers can be maintained with less frequent
cycles.

The first studies with IL-2 in HIV-infected patients
were performed before the advent of potent anti-
retroviral treatments. In the first report of successful
enhancement of CD4+ T cell numbers with IL-2, a
total of 25 patients received IL-2 by continuous
intravenous infusion over 5 days every 8 weeks5.
Overall, 60% of those with CD4 >200 cells/mm3 at
baseline had a greater than 50% increase in CD4+
T cells following IL-2. This report was followed by
another randomized, controlled trial of intermittent
IL-211. In this second study, 60 patients with CD4
counts >200/mm3 were included2. They were ran-
domized to receive antiretroviral therapy alone (typ-
ically dual nucleosides) or antiretroviral therapy +
IL-2. After one year of follow-up, those patients
receiving IL-2 had an increase in their CD4 counts
of 488 cells/mm3 (114% increase from baseline)
compared to a decrease of 58 cells/mm3 (14%
decrease) in the control arm. Side effects were
common in both of these studies and although the
immunologic results were impressive, they came at
the cost of frequent grade III or IV side effects. While
bursts of HIV replication were noted in some of the
patients at the end of IL-2 administration5,12, these
bursts were often transient in nature and, based
upon the findings of the randomized controlled trial,
did not lead to a sustained increase in plasma HIV-
RNA levels.

The recognition of these bursts of virus have led to
the decision by most investigators to utilize IL-2 only
in the setting of antiretroviral therapy. A single, small
trial of 36 patients, however, has noted that one can
administer IL-2 to patients with CD4+ T cell counts
above 300 without antiretrovirals and achieve a
modest increase in CD4+T cell count without an
adverse effect on plasma HIV-RNA levels13. 

The high degree of adverse events associated
with intravenous administration of IL-2 quickly led to
the study of subcutaneous IL-2. In one trial, in which
all participants received antiretroviral therapy
(nucleoside analogues), comparing intravenous IL-
2 to subcutaneous IL-2, the mean increase in CD4+
T cells was 564 cells/mm3 in the subcutaneous
group, 676 CD4+ T cells in the intravenous group,
and 55 CD4+ T cells in the control group14. Adverse
events were milder in the patients treated by subcu-
taneous route. Similar results have been reported
by other authors15-17. The main advantages of sub-
cutaneous administration are that is has compara-
ble efficacy, a lower number of adverse events, and
is easier to administer.

The introduction of HAART provided the opportu-
nity to study the impact of IL-2 in the setting of more
potent antiretroviral treatment. A randomized, con-
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trolled trial compared subcutaneous IL-2 plus anti-
retroviral therapy to antiretroviral treatment alone in
82 patients18. Overall, 88% of the patients in this
study were receiving HAART with a protease
inhibitor. After 1 year of follow-up, patients treated
with IL-2 had a 384 cell increase in their CD4 counts
(112% of baseline) compared to a 64 cell increase
in the control group. At the end of the study, a high-
er fraction of patients in the IL-2 group had a viral
load of <50 copies/ml than those taking antiretrovi-
rals alone (67% vs. 36%). However, these differ-
ences disappeared when only patients receiving
protease inhibitors were analyzed.

In the largest completed study of IL-2 to date, 511
patients were randomized to received IL-2 plus anti-
retroviral therapy or antiretrovirals alone. Patients
assigned to receive IL-2 were randomized to
receive either 4.5 MIU bid or 7.5 MIU bid for 5 days
every 8 weeks19. Patients who were randomized to
receive IL-2 had an increase of 221 cells/mm3

greater than the control group. Of note, CD4
increases were comparable between the two IL-2
groups and there were no significant changes in
viral load in any of the groups during the time of the
study. In this trial, it was also found that the lower the
nadir of CD4+ cells prior to study entry, the less like-
ly the person was to experience a robust CD4+ T-
cell increase in response to IL-2 therapy. Patients
whose CD4+ T cell counts had been 250 or lower
had less robust increases than those with nadir
counts between 250 and 400. Subjects with nadir
counts 400 and above were most likely to achieve
CD4+ cell count increases to above 1,200 following
three courses of IL-2 therapy.

In preparation for a phase III trial of IL-2 in
patients with HIV infection and CD4+ T >300
cells/mm3 named the Evaluation of Subcutaneous
Proleukin in a Randomized International Trial (the
ESPRIT study), three identical randomized con-
trolled trials were carried out in Bangkok, Buenos
Aires, and Houston, in patients with CD4+ T cell
counts >350 cells/mm3,9,10,20. All 3 studies compared
the effects of three different doses of IL-2 (1.5 MIU
bid; 4.5 MIU bid; and 7.5 bid) plus antiretroviral
therapy versus antiretrovirals only. In each of these
trials patients receiving IL-2 had a significant rise in
baseline CD4 counts relative to control patients. In
the Argentinean study, mean increases from base-
line for patients assigned to IL-2 were 210 cells/mm3

compared to 29 cells/mm3 for patients in the control
group. Similar results were reported in the Thai
study, in which the time-weighted mean change
from baseline at week 24 was 252 cells/mm3 for the
combined IL-2 arms versus 42 cells/mm3 for the
control group. A pooled analysis of these data was
presented by Arduino, et al. at the 8th Retrovirus
Conference in 200120. After three cycles of IL-2, the
mean CD4 difference between IL-2 and control
groups were 605 cells/mm3 for patients in the 7.5
MIU dose cohort, 339 for patients in the 4.5 MIU
dose cohort, and 66 for patients in the 1.5 MIU dose
cohort. The differences between the 1.5 and the
control group were not statistically significant in the
pooled analysis; however, were significant in the

separate analyses of the Thai and Argentinean
studies. The percentage of grade III-IV adverse
events was 13.5% in those receiving 7.5 MIU bid,
11.1% in those receiving 4.5 MIU bid, and 5.6% in
those receiving 1.5 MIU bid. This figure was 2.8% in
the control groups. Thus, treatment with IL-2 needs
to be somewhat individualized to maximize poten-
tial beneficial effects on CD4 count while minimizing
the development of adverse events.

Taken together these data strongly suggest that,
in patients with CD4 counts above 200 intermittent
administration of IL-2 can lead to a pronounced,
sustained increase in CD4+ T cell counts without a
significant change in viral load. There are few data
that provide information as to whether or not these
increases will be of clinical benefit. The best pub-
lished data bearing on this question come from a
pooled analysis performed of 157 patients from the
first three randomized clinical trials using continu-
ous intravenous infusion of IL-2 plus antiretrovirals
versus antiretroviral therapy only21. After 2.5 years of
follow-up, and based on the original assignments, 9
patients initially randomized to the arms with IL-2
were noted to have developed AIDS-defining
events or died, while this figure was 16 among
patients allocated to antiretroviral therapy only
(p=0.22). As noted above, the ESPRIT study is an
ongoing, multicenter, international trial designed
precisely to address the potential clinical benefit of
IL-2 in HIV-infected patients with CD4 counts
>300/mm3. To achieve this goal, the ESPRIT study
will need to enroll approximately 4000 patients and
follow them for an average of 5 years.

IL-2 in patients with CD4 counts 
<200 cells/mm3

Patients with low CD4 counts (<200 cells/mm3)
did poorly when treated with IL-2 in the pre-HAART
era5. Side effects were noted to be more prominent
and CD4 count increases were less pronounced.
For this reason few studies of IL-2 were conducted
in patients with low CD4 counts during this time.
With the advent of HAART, however, there was
renewed research interest in this group of patients
and several studies have been completed with
encouraging results.

ACTG 328 was a randomised, controlled trial of
intermittent IL-2 in 204 protease inhibitor-naïve
patients with CD4 counts between 50-350
cells/mm22. Patients initially received HAART alone
for 12 weeks. If their plasma HIV-RNA was <5000
copies/ml, they were then randomized to continue
HAART alone, to continue HAART plus receive intra-
venous IL-2, or to continue HAART and receive sub-
cutaneous IL-2. Crossover from iv to sc IL-2 was
allowed after three or six cycles and took place in
75% of patients initially in the iv arm. The median
daily dose of IL-2 was 9 MIU per day in both the iv
and sc arms. The median change in the CD4 count
was +97 cells/mm3 for patients who received
HAART alone, +309 cells/mm3 for patients who
received iv IL-2 plus HAART, and +240 cells/mm3

for patients who received sc IL-2 plus HAART. Both
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IL-2 arms had a significantly greater rise in CD4
counts when compared to HAART alone. There was
no significant difference in the percentage of
patients with viral loads <50 copies/ml in the three
arms. There were five AIDS-defining events in the
HAART alone arm and one in each of the IL-2 arms.
The overall event rate was too small for the differ-
ence to be of statistical significance. This trial clear-
ly demonstrated that, in combination with HAART,
IL-2 could increase CD4 counts in patients with rel-
atively advanced HIV infection.

Finally, a particularly important clinical question is
whether IL-2 has any role in patients who do not
have a significant rise in their CD4 counts despite
treatment with HAART. Arno, et al.23 studied 25
patients on a PI-containing regimen who had CD4
counts <250 cells/mm3 and plasma HIV-RNA <500
copies/ml for at least 24 weeks. Patients were ran-
domized to receive intermittent subcutaneous IL-2
plus HAART or HAART alone. Patients initially
received 3 MIU of IL-2 bid. The dose was later
reduced to 3 MIU once a day because of concerns
of toxicity. The study showed that at 24 weeks, the
group receiving IL-2 plus HAART had a greater
increase in CD4 counts (mean of +105 cells/mm3)
than the group receiving HAART alone (mean of
+30 cells/mm3). However, these figures reflected
only patients who tolerated the treatment: only 8 of
13 patients in the IL-2 plus HAART arm completed
the study compared with 10 of 12 in the control arm. 

A similar French study, known as ILSTIM or
ANRS 82, was a randomised, controlled trial of IL-2
therapy in patients with HIV infection who, despite
long-term suppressive anti-HIV therapy, had not
achieved a CD4+ T cell count above 200
cells/mm24. At 24 weeks following randomization,
81% of those randomized to receive IL-2 had
CD4+ T cell counts above 200 cells/mm3, whereas
this was only seen in 33% of those randomised to
continue HAART. These later data formed the
basis for the French government to approve IL-2
therapy for people with CD4+ T cell counts below
200 cells/mm3 under a temporary authorization
program (ATU).

Taken together, these data indicate that IL-2 may
be able to produce increases in CD4+ T cell counts
in patients with CD4+ counts under 300 cells/mm3

and formed the basis for the phase III clinical end-
point study entitled Subcutaneous Interleukin-2 in
Combination with Active Antiretroviral Therapy
(SILCAAT). This trial is planned to enrol 2000
patients with 5 years of follow-up.

Side effects of IL-2
IL-2 administration is invariably associated with

some degree of side effects. Fortunately, the major-
ity of these events diminish following the completion
of the 5-day cycles. The main adverse effects of IL-2
therapy include flu-like symptoms (fever, fatigue,
muscle aches), redness or tenderness at the injec-
tion site, fluid retention, mood swings, irritability,
insomnia, confusion, dry skin, rash, nausea and
vomiting. Some tips to limit such adverse events

include maintaining adequate hydration and pro-
phylactic use of anti-emetics.

In addition, patients with HIV infection appear to
be more prone to develop hypothyroidism under IL-2
therapy. In the CPCPRA study of IL-2, the incidence
of hypothyroidism in the control group was 5% com-
pared to an incidence of 10% among patients ran-
domised to IL-2. Therefore, HIV-positive subjects
receiving IL-2 should be monitored for signs of
hypothyroidism.

Cytokines such as IL-2 and interferon-alpha can
be associated with severe depression and have
been associated with suicides. For these reasons,
patients should be carefully screened for depression
prior to the administration of IL-2 and individuals with
a history of depression should be monitored closely
for recurrence of symptoms during IL-2 cycles.

Conclusions
The intermittent administration of IL-2 can lead to

a significant sustained increase in the CD4+ T cell
count in patients with HIV infection, in association
with a significant degree of side effects. The prima-
ry mechanism of action appears to be a prolon-
gation of CD4+ T cell survival. The degree of CD4
T-cell increase is related to the nadir CD4+ count and
the dose of IL-2 administered. Once CD4+ T cell
numbers have increased with IL-2, they can often
be maintained with less frequent cycles of IL-2
every 8 weeks. The results of a pooled analysis of
the first 3 randomised controlled trials of IL-2 as well
as the body of data looking at the CD4 counts at
which opportunistic illnesses occur, suggest that
the CD4+ T-cell increases seen with IL-2 are of func-
tional T cells. The true clinical impact of these
increases is currently being determined in two
phase III studies, SILCAAT and ESPRIT.
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