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HIV-infected immunologic non-responders:
can we provide a helping hand?
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baseline viral load, history of opportunistic infection,
co-morbidities, and age. Potential mechanisms underlying
the low-level regeneration of CD4 cells in immune non-re-
sponders include deficiencies in the regeneration of cen-
tral memory CD4 cells and excessive apoptosis8. Increased
CD4 and CD8 T cell activation at baseline has also been
correlated with poor immune responses to HAART9.

In one early observational study, no association was
found between a specific antiretroviral regimen and the
presence of discordant responses5. In recent years, how-
ever, a number of reports have described CD4 declines or
attenuated gains despite viral suppression in patients re-
ceiving a combination of didanosine and tenofovir10. While
co-administration of these two agents has been shown to
increase the ddI serum concentration, thereby increasing
the risk of ddI-associated toxicities, the exact mechanisms
leading to the CD4 effects are uncertain. The effect is di-
minished when a lower ddI dose is used11. Failure to in-
crease CD4 counts may also be associated with additive
myelotoxicity of antiretroviral drugs and therapies being
administered for the prevention or treatment of oppor-
tunistic infection, as, for example, the additive myelosup-
pression of zidovudine (AZT) and trimethoprim/sulfa-
methoxazole (TMP/SMX).

It has been postulated that ongoing, low-level viral
replication, occurring below the limits of assay detection,
may contribute to slowed CD4 T-cell recovery. Conse-
quently, one approach has been to change or intensify an-
tiretroviral regimens in an effort to more fully suppress vi-
ral replication and allow immune recovery, though
available data do not support this practice.

Alternative strategies aimed at improving the HIV-in-
duced immunodeficiency utilize immune-based therapies.
Potential approaches that have been studied over the
years include therapy with cytokines such as inter-
leukin-2 (IL-2), IL-12, IL-7, interpheron alpha, interphe-
ron gamma and GM-CSF, as well as cell-transfer ap-
proaches using unmodified or genetically modified CD4 or
CD8 cells. Immunosuppressive medications aiming to re-
duce high level immune activation thought to underlie
CD4 cell turnover and death have also been studied, in-
cluding cyclosporine A, anti-TNF monoclonal antibodies
(etanercept), and mycophenolate mofetil.

The best-studied and most promising immunotherapy
agent for HIV infection that has been investigated to date
is IL-2. IL-2 is a cytokine produced by T lymphocytes that
is known to promote proliferation and modulate the se-
cretory capacity of lymphocytes, including T, B, and nat-
ural killer cells. Numerous randomized trials have demon-
strated that intermittent subcutaneous or intravenous
administration of cycles of IL-2, in combination with anti-

Highly active antiretroviral therapy (HAART) has dra-
matically reduced the morbidity and mortality associated
with HIV infection. In most patients receiving HAART,
suppression of HIV replication is accompanied by recovery
of CD4 T lymphocytes to near normal levels and a sub-
stantial reversal of HIV-associated immunologic defects,
as is best reflected by the marked decrease in HIV-relat-
ed opportunistic complications. However, immunologic
recovery varies greatly between patients, and a significant
proportion of those treated experience only small improve-
ments in CD4 cell counts despite virologic suppression on
HAART. These patients, who maintain virologic suppres-
sion on HAART but fail to have significant gains in CD4
T-cell counts, are referred to as immunologic non-respon-
ders.

Estimates of the frequency of immunologic non-response
vary depending on the definition used. Based on a number
of cohort studies, 10% to 20% of treated patients fail to have
an adequate CD4 count increase (e.g > 100 cells/mm3 in-
crease over baseline or an increase to > 200-300 cells/mm3)
after 6-12 months of effective HAART1-7. Whereas some
patients with a poor initial immune response despite viro-
logic suppression will go on to have an immunologic re-
sponse over time, others will be stalled at a threshold that
potentially puts them at increased risk for opportunistic
complications. Observational cohort studies suggest that
such patients do in fact have a higher rate of new AIDS-
defining events or death than complete responders, though
these rates are less than is seen in patients who are both
immunologic and virologic non-responders2,6,7.

The pathogenesis of discordant responses is poorly un-
derstood. The immunologic response to HAART is influ-
enced by a number of viral, host, and treatment-related
factors. Immune recovery depends, in part, on the extent
and duration of viral load reduction, although the mini-
mum viral suppression necessary for improved immune
function and CD4 recovery is debated. Numerous other
factors may influence CD4 T cell and immune recovery, in-
cluding the degree of immunosuppression at HAART initi-
ation (e.g., baseline CD4 count), duration of infection,
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retroviral medications, can lead to significant, sustained
increases in CD4 T cell number and percentage above that
seen with antiretroviral medications alone, without in-
creases in CD8 cell number or plasma viral load12-15. The
IL-2 induced CD4 count increases result predominantly
from peripheral T-cell expansion, as a result of an initial
IL-2 induced proliferation of both CD4 and CD8 cells,
followed by time/cycle-dependent increased survival of
CD4 cells preferentially to CD8 cells16. The expanded CD4
cells have a naïve or central memory phenotype and are
CD25 (high affinity IL-2 receptor) positive and express
FoxP316-18. While the expanded cells have some pheno-
typic characteristics of CD4 regulatory cells, functional
studies do not support this categorization17.

A small number of trials of IL-2 have focused specifical-
ly on immunologic non-responders, who had CD4 T cell
counts below 200 cells/mm3 in the setting of a virologic re-
sponse19-22. In three randomized controlled trials of IL-2 in
immunologic non-responders, significant and sustained
CD4 cell count gains were consistently achieved in the
majority of patients19-21. While the CD4 count increases in
these cohorts were modest compared to patients initiat-
ing IL-2 with higher baseline CD4 counts, in all studies
the median CD4 count following IL-2 therapy increased
to > 200 cells/mm3.

In this issue of EIMC, Crespo et al23 report on a cohort of
HIV-infected patients receiving combination antiretrovi-
ral therapy without a significant increase in CD4 count
despite viral suppression below the limit of detection. In
this study, patients with CD4 T cell counts below 200 who
had received HAART for a median of nearly 5 years but
showed no significant CD4 count increase for at least
12 months despite viral suppression to < 50 copies/mL,
received low-dose, intermittent IL-2, consisting of IL-2 cy-
cles (4.5 mIU once a day subcutaneously for 5 consecutive
days) every 4 weeks with a planned goal of 6 cycles. The
dose and schedule was selected to minimize IL-2 related
side effects while optimizing the probability of lasting
CD4 gains. While the IL-2 regimen was well tolerated
with only mild side effects, such as low-grade fever and
mild constitutional symptoms, reported by most patients,
four patients did not complete the planned 6 cycles of
IL-2 due to toxicity or patient choice. Overall, CD4 cell
counts increased by a median of nearly 50 cells, with 8 of
18 participants experiencing a rise in CD4 count to over
200 cells/mm3. A differential effect was seen however,
with 5/18 (27%) participants experiencing < 25% increase
in CD4 from baseline. While this was not a randomized
trial, the lack of CD4 count increases for a year prior to
IL-2 therapy, and the absence of other interventions clear-
ly support that this is an IL-2 effect.

Taken together, these studies suggest that intermittent
IL-2 therapy in immunologic non-responders results in
beneficial immunologic responses. However, the clinical
benefit of IL-2-associated CD4 count increases has not
been established to date in any HIV-infected cohort. Given
the cost of the drug as well as the substantial adverse ef-
fects associated with IL-2 therapy, such as flu-like symp-
toms that while transient can be debilitating, it is critical
to establish if IL-2-related CD4 gains translate into a re-
duction in HIV-related clinical events. Two large, random-
ized trials of intermittent IL-2 therapy powered to detect
differences in clinical outcomes, are currently ongoing and

will hopefully provide a definitive answer to the clinical
benefits of this therapy in the next one to two years. The
Evaluation of Subcutaneous Proleukin in a Randomized
International Trial (ESPRIT) and the Phase III Multicen-
ter Randomized Study of the Biological and Clinical Effi-
cacy of Subcutaneous Recombinant, Human IL-2 in
HIV-Infected Patients with Low CD4 Counts Under Ac-
tive Antiretroviral Therapy (SILCAAT), which have en-
rolled ∼4,100 and ∼2,000 patients, respectively, are similar
in design but differ in the target population, with ESPRIT
enrolling patients with CD4 counts � 300 cells/mm3, and
SILCAAT enrolling those with CD4 counts of 50 to
299 cells/mm3. The completion of these trials is crucial to
understanding what role IL-2 may play in the manage-
ment of the immunodeficiency of HIV infection in im-
munologic non-responders as well as other HIV-infected
patients. While clinical end points remain under investi-
gation, smaller phase II trials aimed at better elucidating
the mechanisms and benefits of IL-2 are ongoing and
hopefully will lay the groundwork for optimally utilizing
IL-2 in the future, assuming clinical benefit is demon-
strated. Until that time, though, patients should receive
IL-2 only as part of such ongoing clinical trials.
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