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Abstract Current antiretroviral regimens are limited by issues of potency, adherence,
toxicity, resistance and cost. With these limitations and the realisation that erad-
ication of HIV infection currently is not possible, there is enthusiasm for strate-
gies that allow discontinuation of medications, such as the structured treatment
interruption (STI). STI is hypothesised to have benefits in three distinct clinical
scenarios: acute treated infection, chronic treated infection with controlled virae-
mia, and chronic treated infection without controlled viraemia (salvage therapy).

In patients with acute treated HIV infection, STI may preserve or enhance
cellular immune responses to allow continued virological suppression in the ab-
sence of ongoing treatment. The Berlin patient presented with acute HI'V infection
prior to seroconversion and received antiretroviral therapy. After two treatment
interruptions (for intercurrent infections), he permanently discontinued therapy
and remained virologically suppressed for 2 years. Investigators from Massachu-
setts General Hospital described eight patients with acute or early HIV infection
who received treatment and then underwent one or two STI. After the STIs, five
of eight patients showed enhanced cellular immune responses and continued with
virological suppression off treatment for a median of 2.7 years.

In patients with chronic treated infection with controlled viraemia, STI may
enhance immune responses as in the case of acute infection, or may allow de-
creased drug exposure and toxicity. Investigators from the National Institutes of
Health enrolled 18 patients with chronic HIV infection and virological suppres-
sion while taking antiretroviral regimens. With a single STIL, all patients re-
bounded, although one (6%) ultimately continued off therapy with virological
suppression. The largest study of STI is the Spanish Swiss Intermittent Treatment
Trial in which 128 patients with chronic suppressed HIV infection on antiretrovi-
ral therapy underwent four cycles of STI. At 52 weeks, 17% had suppressed viral
load levels of <5000 copies/ml in the absence of therapy.

In patients with chronic treated infection without controlled viraemia (salvage
therapy), STI promotes a shift from resistant to wild-type (i.e. no mutations) virus.
In the Hamburg cohort, the shift to wild-type virus was seen in 28 of 45 heavily
treatment-experienced patients after an STI. Seventy-two percent of these pa-
tients experienced a virological response on a subsequent regimen, although
many ultimately experienced virological rebound. In the San Francisco cohort, a
shift to wild-type virus was seen in 15 of 17 protease inhibitor-experienced pa-
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tients and six of these patients achieved virological suppression to <200 copies/ml

on a new regimen.

Risks associated with STI include increases in viral load levels with the risk
of loss of virological control (i.e. failure to resuppress on therapy), repopulation
of viral reservoirs and antiretroviral resistance, and decreases in CD4+ cell counts
with the risk of loss or dysregulation of immune function and the occurrence of
clinical events. Other risks include acute retroviral syndrome and the recurrence

of short-term adverse effects.

Currently, STI cannot be recommended as part of routine clinical care. Pro-
spective studies are needed to assess the risks and benefits of this strategy in all

clinical settings.

Antiretroviral treatment has led to significant
decreases in HIV-related morbidity and mortality
over the last several years.['2] However, current
first-line regimens are limited by their antiretrovi-
ral potency, complexity, toxicity, potential to result
in antiretroviral resistance and cross-resistance,
and cost. In addition, adherence and tolerability is-
sues may compromise the quality of life for pa-
tients. With the realisation of the limitations of cur-
rent HIV treatment regimens and the fact that viral
eradication is not achievable at present,3-5! strate-
gies for stopping medications have been consid-
ered. Among these is the structured treatment in-
terruption (STI). The STI has been postulated to
offer benefits in three distinct clinical settings: (i)
acute treated HIV infection; (ii) chronic treated
HIV infection with controlled viraemia; and (iii)
chronic treated HIV infection without controlled
viraemia (salvage therapy). The distinct hypothe-
ses for using an STI differ for the different clinical
situations. Recently, initial studies to test these
hypotheses have been reported (table I).

1. Acute Treated HIV Infection

In HIV infection, immunity in the form of HIV-
specific CD4+ cells and cytotoxic T lymphocytes
(CTL) may be lost early in infected patients.[!415]
Early treatment of acute HIV infection with anti-
retroviral agents has been shown to preserve HIV-
specific cellular responses,!'® but these may be lost
with continued antiretroviral therapy.[!51 One or
more STI in the setting of acute treated HIV infec-
tion may preserve or stimulate immune mecha-
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nisms that allow control of the infection in the ab-
sence of therapy.

Lisziewicz and Lori first described the conse-
quences of treatment interruption in a patient with
acute treated HIV infection, the so-called ‘Berlin
patient’.[%] This patient first presented to medical
care during acute HIV infection, before complete
seroconversion. He received the HIV protease in-
hibitor, indinavir, the nucleoside reverse trans-
criptase inhibitor, didanosine, and the ribonucleo-
tide reductase inhibitor, hydroxyurea. His baseline
viral load level, confirmed at approximately 85 000
copies/ml, rapidly decreased to <500 copies/ml
with treatment. After approximately 2 weeks of
treatment, the patient developed epididymitis and
discontinued therapy, with a documented increase
in the viral load level to about 8000 copies/ml. He
resumed therapy a week later and again experi-
enced a rapid decrease in viral load level to <500
copies/ml.

Approximately 3 months later, he developed
nausea and vomiting in the setting of hepatitis A
infection and stopped antiretroviral therapy again.
Surprisingly, his viral load level remained sup-
pressed to <500 on two occasions while off therapy.
He briefly restarted therapy, but then discontinued
it permanently and had HIV RNA levels <500
copies/ml documented on multiple occasions over
the subsequent 2-year period. Of note, HIV RNA
was detected in lymph node tissue and replication-
competent virus was recovered from resting CD4+
cells isolated from the patient, demonstrating per-
sistence of HIV infection. His CD4+ cell count and
CD4+ to CD8+ cell ratio increased to normal lev-
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Table I. Selected studies of structured treatment interruption (STI) of antiretroviral therapy in patients with HIV infection

Study (reference) Study population

Major findings

Acute treated HIV infection

Lisziewicz et al.l®! The Berlin patient

Rosenberg et al.”) Massachusetts
General Hospital Cohort

Chronic treated HIV infection with controlled viraemia

Davey et al.®l National Institutes of 18 patients with chronic infection (12 who
had previously received interleukin-2); HIV

Health Cohort

8 patients with symptomatic acute or early
(<180 days from exposure) HIV infection

After 2 treatment interruptions, a single patient remained
virologically suppressed off therapy for 2 years

After 1-2 STI, 5 of 8 remained virologically suppressed
off therapy for an average of 2.7 years

After a single STI, 1 of 18 (6%) remained virologically
suppressed off therapy

RNA <500 copies/ml, CD4+ >350 cells/mm?3

Fagard et al.!¥ Spanish Swiss

128 patients with chronic infection; HIV RNA After 4 cycles of STI, 9 of 54 (17%) had HIV RNA
Intermittent Treatment Trial (SSITT) <50 copies/ml, CD4+ >300 cells/mm?3

<5000 copies/ml at 52 weeks

Chronic treated HIV infection without controlled viraemia (salvage therapy)

Miller et al.['-1"] Frankfurt Cohort

48 patients with treatment experience (94% After treatment interruption, 28 of 45 (62%) had shift

with 3-drug class experience) and HIV RNA from resistant to wild-type virus; after 24 weeks of a

>500 copies/ml

Deeks et al.['2:13 San Francisco
General Hospital Cohort

18 patients with protease inhibitor
experience and HIV RNA >2500 copies/ml

new regimen, HIV RNA levels reduced to <500 copies/ml
in 18 of 25 (72%); 73% had subsequent viral rebound
After STI, 15 of 17 (88%) had shift from resistant to
wild-type virus; HIV RNA levels reduced to <200 copies/ml
at 24 weeks in 6 of 15 who restarted therapy (40%)

els. In addition, he had a progressive increase of
some HIV-specific CD4+ cellular responses. This
patient served as the first example that several cy-
cles of treatment interruption could lead to long-
term suppression of HIV infection without anti-
retroviral therapy, at least in the setting of acute
treated HIV infection.

In a pilot study, Ortiz and colleagues studied six
patients, five of whom had received antiretroviral
therapy during acute or early (<120 days after ex-
posure) HIV infection, who underwent an STL7]
Three of these six patients had suppressed viraemia
for at least 4 to 24 months after discontinuation of
therapy. Two of these patients had suppressed viral
load levels and demonstrated the presence of broad
HIV-specific CTL responses. The other patient had
a low level of viraemia (HIV RNA <300 cop-
ies/ml) off therapy and demonstrated enhanced
neutralising antibody titres and CTL responses.

Rosenberg and colleagues studied eight patients
with symptomatic acute or early (<180 days after
exposure) HIV infection.l”l All were started on
combination antiretroviral therapy, with two nu-
cleoside analogues and a protease inhibitor, typi-
cally within 72 hours of diagnosis (range 2 to 34
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days). Patients received therapy for an average of
about 20 months (range 358 to 1081 days) and then
discontinued therapy. After the therapy interrup-
tion, viral load levels became detectable again after
a median of 17 days (range 7 to 38 days). In three
patients, viral load levels decreased again without
treatment to <5000 copies/ml and two of these pa-
tients remained off therapy for 7 to 9 months. The
other patient restarted therapy briefly, but ulti-
mately discontinued again and had an HIV RNA
of 280 copies/ml after 5 months off therapy. In
these three patients, HIV-specific CD4+ responses
were maintained and after re-exposure to virus,
CTL activity was increased.

The other five patients restarted treatment when
their viral load levels increased to >5000 cop-
ies/ml, and four had levels >50 000 copies/ml. All
five underwent a second treatment interruption,
with a subsequent rise and then fall in HIV RNA
(without treatment) to <5000 copies/ml. Three of
these five patients resumed therapy when HIV
RNA reached 4600, 10 860, and 17 100 copies/ml,
respectively, while two others remained off ther-
apy for 5 to 6 months. HIV-specific CD4+ cell and
CTL responses increased after the treatment inter-
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ruptions. In total, five of the eight patients re-
mained off therapy for an average of 2.7 years at
the time of publication of the report. This report
demonstrated, in a small group of patients with
acute/early HIV infection, that STI could lead to
long-term virological suppression in the absence of
antiretroviral therapy.

2. Chronic Treated HIV infection with
Controlled Viraemia

In a patient with chronic HIV infection taking
antiretroviral therapy that results in virological
suppression, STI may augment HIV-specific im-
mune responses, as in the case of acute treated HIV
infection. Alternatively, STI may simply offer the
opportunity to decrease drug exposure and the as-
sociated toxicity, or simply ‘provide a break’ from
therapy.

Davey and colleagues studied 18 patients with
chronic HIV infection receiving combination anti-
retroviral therapy with HIV RNA <500 copies/ml
and CD4+ cell counts >350/mm? for at least a
year.[8! Interestingly, 12 of these patients also had
taken interleukin-2 (IL-2) in a previous study and
had documented low frequencies of resting, la-
tently HIV-infected CD4+ cells. After an average
of at least 2 years of virological suppression to
<500 copies/ml in this cohort, antiretroviral treat-
ment was stopped. Viral load levels increased to
>50 copies/ml in all 18 patients, typically within 2
to 3 weeks. Previous IL-2 therapy did not appear
to effect the rate of viral rebound. In 2 of the 18
patients, virological rebound patterns were some-
what different: in one, viral rebound was delayed
by several weeks compared with the other cohort
patients and in the other, the maximal level of viral
rebound was only several hundred copies/ml. In
patients who elected to reinstitute therapy, all HIV
RNA levels were quickly resuppressed to <50 cop-
ies/ml. The single patient who appeared to have a
controlled HIV RNA level off therapy demon-
strated brisk proliferation to HIV p24 antigen using
a lymphocyte proliferation assay.

Two other pilot studies assessed the effects of
single STI in patients with chronic treated HIV in-
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fection with control of viraemia. Ruiz and col-
leagues studied 12 patients who had suppressed vi-
ral load levels for at least 2 years while taking anti-
retroviral therapy and then underwent a single
STI.U'8 Whereas ten patients experienced rebound
of viral load levels, two did not. All of the patients
resumed therapy and experienced virological re-
suppression. No changes in CD4+ cell counts, clin-
ical events or viral resistance were seen in the study
population. Two patients demonstrated enhance-
ment of an HIV-specific response to p24 antigen.
Papasavvas and colleagues compared five patients
with virological suppression on antiretroviral treat-
ment who underwent an STI with five control pa-
tients not taking therapy.[!?) After a median of 55
days, one of five patients who interrupted treatment
had an HIV RNA level <1080 copies/ml, while the
other four experienced virological rebound. All pa-
tients had virological resuppression after resuming
therapy and there were no changes in CD4+ cell
counts. Compared with the controls who did not
receive treatment, the patients who underwent STI
demonstrated significant increases in HIV-specific
CD4+ and CTL responses during and after inter-
ruption of therapy.

An additional two pilot studies assessed re-
peated STI in chronic HIV infection. Ruiz et al.
randomised 26 patients taking antiretroviral ther-
apy with at least 2 years of viral suppression to <50
copies/ml and a CD4 : CD8 ratio of >1 to either
undergo STI (n = 12) or continue therapy (n =
14).1201 Of the 12 patients who underwent three
STIs, ten experienced viral rebound during each of
the STI, one had no viral rebound, and one had viral
rebound only during the second and third cycles.
For the ten patients with viral rebound, mean virus
doubling time increased from the first cycle to the
second and third cycles, and enhancement of HIV-
specific CD8 and CD4 responses were noted. Gar-
cia et al. studied ten patients taking antiretroviral
therapy for at least 1 year with HIV RNA levels
<20 copies/ml who underwent three cycles of
STIL.21T All ten patients experienced virological re-
bound, but viral doubling times increased between
the first and third STI. By the third STI, six of nine
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patients had viral load levels lower than their base-
line levels prior to the original initiation of therapy
and demonstrated enhanced HIV-specific immune
responses.

The largest study of STI in patients with chronic
virological suppression is the Spanish Swiss Inter-
mittent Treatment Trial (SSITT).°! 128 patients
were enrolled who were antiretroviral treatment
naive before starting a non-NNRTI-containing po-
tent combination antiretroviral regimen, had not
experienced virological failure on the regimen, had
a documented decrease in HIV RNA to <50 cop-
ies/ml for at least 6 months and a CD4+ cell count
of at least 300/mm?>. The design of the study was
to stop treatment for 2 weeks and then resume it
for 8 weeks for four cycles with a final treatment
discontinuation at week 40. The study endpoints
were the amplitude of the rebounds in viral load
levels and the proportion of patients with HIV
RNA <5000 copies/ml in the absence of therapy at
week 52. Patients in whom viral load levels were
not suppressed to <50 copies/ml after resuming
therapy were excluded from further treatment in-
terruptions.

Before starting therapy, the study patients had a
median viral load level of 4.5 log;o (~32,000) cop-
ies/ml and a median CD4+ cell count of 388/mm?.
The median duration of antiretroviral therapy be-
fore study entry was 26 months and baseline CD4+
cell count on therapy was 727 cells/mm?. In pre-
liminary results presented at the 8 Conference on
Retroviruses and Opportunistic Infections, 80 pa-
tients had undergone four STI cycles and 55 of
them had reached 52 weeks. Virological rebound
to >50 copies/ml occurred in 76% after the first
cycle and 79% after the fourth cycle. There were
no significant changes in rebound viral load levels
or CD4+ cell counts. Twenty-four (19%) were ex-
cluded for failure to resuppress to <50 copies/ml
after restarting therapy and one of these developed
antiretroviral resistance mutations. High pretreat-
ment HIV RNA levels, high virological rebound
levels, and low CD4+ cell counts correlated with
failure to resuppress. Nine of 54 (17%) had HIV
RNA <5000 copies/ml after 12 weeks off therapy
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at 52 weeks and at the same time, 3 of 55 (6%) had
HIV RNA <50 copies/ml. The authors associated
this response with earlier initiation of therapy after
diagnosis of HIV infection. This study remains on-
going and updated results are anticipated.

A different approach for STI in patients with
chronic virological suppression has the goal of de-
creasing drug exposure and toxicity. Studies cur-
rently in progress have given ‘structured intermit-
tent therapy (SIT)’ for periods of 2 months of
therapy followed by a 1-month discontinuation, or
7 days of therapy followed by a 7-day discontinu-
ation.[22.23] In the shorter cycle trial,23] 12 patients
with HIV RNA levels <500 copies/ml for at least
6 months and <50 copies/ml twice immediately be-
fore study entry and a CD4+ count of at least
300/mm?3 were assigned to receive stavudine, lami-
vudine, indinavir and ritonavir for a 7-day on and
off cycle for 24 months.[?3] Failure was defined as
HIV RNA >500 copies/ml or a confirmed >25%
decline from baseline in CD4+ cell count. In pre-
liminary results, three patients had HIV RNA lev-
els <50 copies/ml at 24 weeks and one at 12 weeks.
A fifth patient was noncompliant with the study
and resumed therapy. There was no significant
change in CD4+ cell counts. Longer-term results
are anticipated.

3. Chronic Treated HIV Infection Without
Controlled Viraemia (Salvage Therapy)

There is an increasing group of patients with
chronic infections who have experienced virolog-
ical failure and have limited treatment options. The
use of STI in this clinical setting has been associ-
ated with a shift in the most prevalent strain of
virus from multiply-resistant virus to wild-type vi-
rus, and this shift has been associated with an im-
proved response to subsequent treatment op-
tions.l%-131 In contrast to its use in patients with
virological suppression, the use of an STI in the
‘salvage’ setting is to provoke this shift in resis-
tance pattern.

Miller and colleagues first described this find-
ing in a retrospective, observational study of pa-
tients followed as part of the Frankfurt Co-
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hort.[1%11] Forty-eight patients were identified who
had taken antiretroviral agents, but interrupted
treatment for at least 2 months, with an HIV RNA
level of >500 copies/ml. One of these patients had
two distinct treatment interruptions, and thus con-
tributed to a total of 49 treatment interruption epi-
sodes. Patients had taken antiretrovirals a median
of 3.9 years (range 0.3 to 9.2) before treatment in-
terruption. The median duration of treatment inter-
ruption was 121 days (range 54 to 322). The me-
dian number of previous antiretroviral agents taken
was nine (range 4 to 13) and 45 patients (94%) had
taken all three classes of antiretroviral drugs.

Prior to treatment interruption, the median HIV
RNA level was 5.07 logjo (~120,000) copies/ml
and median CD4+ cell count was 155 cells/mm?.
Matched phenotypic resistance tests were available
on 45 patients. At baseline, patients demonstrated
virus with resistance to a median of eight drugs
(range 2 to 11). At the end of treatment interrupt-
ion, the median HIV RNA level was 5.87 logg
(~740,000) copies/ml and CD4+ cell count was 49
cells/mm3. Surprisingly, significant reduction in
both phenotypic and genotypic resistance was
seen, with a complete shift to wild-type virus in 28
patients. In a multivariate analysis, a shorter time
of previous antiretroviral treatment and a higher
CD4+ cell count were associated with a greater
chance of reversion to wild-type virus after treat-
ment interruption.

Subsequent treatment with three to eight anti-
retroviral drugs resulted at 8 weeks in a median
reduction of viral load of 2.8 logjo (shift group)
versus 1.0 logyp (no shift group) copies/ml.['!]
Within 24 weeks, HIV RNA decreased to <500
copies/ml in 18 of 25 (72%) [shift group] versus 2
of 12 (17%) [no shift group]. Patients who experi-
enced the shift to wild type virus were significantly
more likely to have a virological response [relative
hazard (RH) 5.22, p = 0.006]. In longer-term follow-
up, however, virological rebound occurred after a
median of 73 days in 73% (shift group) and 100%
(no shift group).

Deeks and colleagues published analogous data
from treatment-experienced patients in the San
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Francisco cohort and explored the mechanism of
the shift to wild-type virus.['213] Patients were se-
lected who had taken an HIV protease inhibitor for
at least 12 months and had a documented viral load
level of at least 2500 copies/ml in the preceding 6
months. If the patients had experienced a rise in
CD4+ cell count of at least 100 cells/mm? above
baseline on their previous treatment regimen, they
were randomised 2 : 1 to discontinue or continue
therapy. If they had a CD4+ cell count rise of <100
cells/mm? on therapy, they were enrolled in the
observational portion of the study in which they
discontinued therapy.

A total of 23 patients were enrolled, 11 ran-
domised to discontinue therapy and five ran-
domised to continue therapy. The additional seven
patients were observed after discontinuing therapy.
At baseline, the randomised patients had viral load
levels from 4.0 to 5.1 log;o (10 000 to 125 000)
copies/ml and CD4+ cell counts from 245 to 355
cells/mm?, whereas the nonrandomised patients
had viral load levels from 4.1 to 5.6 log;o (12 000
to 400 000) copies/ml and CD4+ cell counts from
36 to 143 cells/mm3. One patient randomised to
discontinue therapy continued nucleoside ana-
logues and was excluded from further analysis. Af-
ter discontinuing therapy for 12 weeks, the median
HIV RNA increased by 0.84 log;o copies/ml and
CD4+ cell count decreased 128 cells/mm? versus a
median HIV RNA increase of 0.31 logo copies/ml
(p < 0.001) and CD4+ decrease of 15 cells/mm? (p =
0.005) in the group who continued therapy. The
changes after treatment discontinuation demonstr-
ate the residual antiretroviral effect of the regimen,
even in the setting of virological failure.

Drug resistance remained stable in the five pa-
tients who continued therapy, while protease inhib-
itor susceptibility shifted to wild-type (i.e. no mu-
tations) within 16 weeks in 15 of 17 patients who
discontinued therapy. The shift in resistance oc-
curred abruptly and typically occurred for all the
drugs at the same time. Both the HIV RNA level
increase and CD4+ cell count decrease occurred
rapidly after the shift in drug susceptibility. Assays
of the multiply-resistant viruses revealed a median
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replicative capacity that was 20% of that of wild-
type virus with a median increase in replicative
capacity of 50% during the 12 weeks of treatment
interruption. Thus, the STI in this clinical setting
appeared to allow a virus with greater replicative
capacity to emerge and provoke significant changes
in viral load levels and CD4+ cell counts.

Of the 17 patients who discontinued treatment,
15 subsequently resumed therapy and at week 24
experienced a median decrease in viral load level
of 1.6 logjo copies/ml with 6 of 15 (40%) with
decreases to <200 copies/ml. At the same time,
the median increase in CD4+ cell count was 77
cells/mm?3. Of note, patients who started a new
class of drugs (a nonnucleoside reverse trans-
criptase inhibitor or fusion inhibitor) as part of
their new regimen had a greater likelihood of viro-
logical suppression.

4. Risks of Structured
Treatment Interruptions

The risks of STI include virological, immuno-
logical, and clinical factors (see table IT). Neumann
and colleagues first addressed these in a pilot study
of ten patients who received combination anti-
retroviral therapy for 28 days, interrupted therapy
for 28 days, and then resumed their therapy, to as-
sess the consequences of the treatment interrup-
tion.?* In this pilot study, the rate of viral load
decrease was similar both initially and after resum-
ing therapy following the STI and no resistance
mutations were detected. The authors concluded
that there were no deleterious effects from using
this strategy.

From the virological point of view, an STI leads
to virological rebound in most patients. This re-
bound, in turn, may lead to a loss of virological
control (i.e. failure to resuppress viral load levels
after resuming therapy) in patients with previous
suppression. In the SSITT study, failure to resup-
press viral load levels to <50 copies/ml after re-
starting antiretroviral therapy following an STI oc-
curred in 19% of patients.l’! Virological rebound
will also probably lead to a repopulation of tissue
reservoirs.? Loss of virological control may also
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Table Il. Risks of structured treatment interruptions of antiretroviral
therapy in patients with HIV infection

Virological
Virological rebound

Loss of virological control (i.e. failure to suppress viraemia after
restarting therapy)

Viral repopulation of tissue reservoirs
Antiretroviral resistance

Immunological
CD4+ cell decline

Loss or dysregulation of immune function

Clinical

AIDS-defining or HIV-associated events

Acute retroviral syndrome

Recurrence of acute adverse effects (e.g. rash, nausea)
Precipitation of a hypersensitivity reaction (e.g. with an
abacavir-containing regimen)

Pharmacokinetic issues

?Reduction in adherence

?Access issues

lead to antiretroviral drug resistance, particularly
with the use of cycles of treatment and interrup-
tion. In the SSITT study, significant resistance mu-
tations developed in at least one patient with pre-
vious viral suppression.’! A mathematical model
estimated that the risk of developing resistance
during an STI would increase by several thousand
over the risk associated with continuing anti-
retroviral therapy.l?®! A second group used mathe-
matical modelling and concluded that the risk of
drug resistance might be low if viral load levels
during the STI remained below baseline levels.!?’]

STI may also lead to a decline in CD4+ cell
count, with a coincident loss or dysregulation of
immune function, which may precipitate clinical
events. In the Frankfurt cohort, 17 AIDS-defining
events occurred in 15 patients!!'! and in the San
Francisco cohort, seven events occurred in six pa-
tients, including three events that occurred during
the STLU3! In these heavily treatment-experienced
patients with virological failure, the question of
whether the STI directly led to the clinical events
remains unclear. Other clinical issues include the
occurrence or recurrence of the acute retroviral
syndrome after discontinuing medications,[28-30]
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the recurrence of acute drug-related adverse effects
(e.g. rash, nausea), and the possible precipitation
of a hypersensitivity reaction (e.g. with an abacavir-
containing regimen). Pharmacokinetic issues also
may arise in the period around an STI since the half
lives of antiretroviral drugs vary, as do their effects
on hepatic enzyme function. Exploration of STI as
a strategy may also impact more generally on treat-
ment adherence in the sense that stopping therapy
is now perceived as a reasonable possibility. Fin-
ally, access to medications may be compromised
or complicated by patients who temporarily stop
their therapy.

5. Conclusions

Despite the proven benefits of antiretroviral
therapy, issues of potency, adherence, toxicity, re-
sistance, and the inability of therapy to eradicate
HIV infection has created enthusiasm for new ap-
proaches to treatment, including STI. The use of
one or more cycles of STI in acute treated infection
has led to virological suppression without drug
treatment in a small number of patients. This has
not been seen commonly in patients with chronic
treated infection, although STI may offer a strategy
to decrease drug exposure and toxicity. In the sal-
vage therapy setting, STI is associated with a shift
from multiply-resistant virus to wild-type virus
with an increase in replicative capacity that causes
a rapid increase in viral load level and decrease in
CD4+ cell count. This shift of resistance pattern
may promote a higher rate of virological response
on a subsequent regimen, although the durability
of this response is uncertain.

Although the hypotheses and small case series
of STI have led to great enthusiasm, STI cannot
currently be recommended as a part of routine clin-
ical care. It is important to verify the available pre-
liminary findings in prospective, randomised stud-
ies to carefully assess and weigh the benefits and
risks of this approach. Clinicians and patients con-
sidering STI should strongly consider a clinical
trial that will allow frequent monitoring and close
follow-up. In the event that a clinician and patient
decide to proceed with an STI outside the setting
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of a clinical trial, every effort should be made to
reduce risks, including maximising opportunistic
infection prophylaxes and very close monitoring.

Acknowledgements

Dr Gulick has received research grants from Abbott,
Merck and Trimeris, and speaker honoraria from Boehringer
Ingelheim and Merck. He has also acted as a consultant (ad
hoc) to Abbott, Dupont, GlaxoSmithKline, Shionogi and
Virologic.

References
. Palella FJ, Delaney KM, Moorman AC, et al. Declining mor-
bidity and mortality among patients with advanced human
immunodeficiency virus infection. N Engl J Med 1998; 338:
853-60
2. Mocroft A, Vella S, Benfield TL, et al. Changing patterns of
mortality across Europe in patients infected with HIV-1. Eu-
roSIDA Study Group. Lancet 1998; 352: 1725-30
3. Wong JK, Hezareh M, Gunthard HF, et al. Recovery of repli-
cation-competent HIV despite prolonged suppression of
plasma viremia. Science 1997; 278: 1291-5
4. Finzi D, Hermankova M, Pierson T, et al. Identification of a
reservoir for HIV-1 in patients on highly active antiretroviral
therapy. Science 1997; 278: 1295-300
5. Chun TW, Stuyver L, Mizell SB, et al. Presence of an inducible
HIV-1 latent reservoir during highly active antiretroviral ther-
apy. Proc Natl Acad Sci USA 1997; 94: 13193-7
6. Lisziewicz J, Rosenberg E, Lieberman J, et al. Control of HIV
despite the discontinuation of antiretroviral therapy. N Engl J
Med 1999; 340: 1683-4
7. Rosenberg ES, Altfeld M, Poon SH, et al. Immune control of
HIV-1 after early treatment of acute infection. Nature 2000;
407: 523-6
8. Davey JrRT, Bhat N, Yoder C, etal. HIV-1 and T cell dynamics
after interruption of highly active antiretroviral therapy (HA-
ART) in patients with a history of sustained viral suppression.
Proc Natl Acad Sci USA 1999; 96: 15109-14
9. Fagard C, Lebraz M, Gunthard H, et al. SSITT: a prospective
trial of strategic treatment interruptions in 128 patients [ab-
stract n0.357]. In: Abstracts of the 8th Conference on Retro-
viruses and Opportunistic Infections; 2001 Feb 4-8; Chicago
(IL), 150
10. Miller V, Sabin C, Hertogs K, et al. Virological and immuno-
logical effects of treatment interruptions in HIV-1 infected
patients with treatment failure. AIDS 2000; 14: 2857-67
11. Miller V, Sabin C, Hertogs K, et al. Antiretroviral treatment
interruptions in patients with treatment failure: analyses from
the Frankfurt HIV Cohort [abstract]. Antiviral Ther 2000; 5: 22
12. Deeks SG, Wrin T, Liegler T, et al. Virologic and immunologic
consequences of discontinuing combination antiretroviral-
drug therapy in HIV-infected patients with detectable vire-
mia. N Engl J Med 2001; 344: 472-80
13. Deeks S, Wrin T, Hoh R, et al. Response to salvage therapy in
patients undergoing a structured treatment interruption [ab-
stract n0.292]. In: Abstracts of the 8th Conference on Retro-
viruses and Opportunistic Infections; 2001 Feb 4-8; Chicago
(IL), 130
14. Wahren B, Morfeldt-Mansson L, Biberfeld G, et al. Charac-
teristics of the specific cell-mediated immune response in hu-

—_

Drugs 2002; 62 (2)



Structured Treatment Interruption in HIV Infection

253

man immunodeficiency virus infection. J Virol 1987; 61:
2017-23

15. Pitcher CJ, Quittner C, Peterson DM, et al. HIV-1-specific
CD4+ T cells are detectable in most individuals with active
HIV-1 infection, but decline with prolonged viral suppres-
sion. Nat Med 1999; 5: 518-25

16. Rosenberg ES, Billingsley JM, Caliendo AM, et al. Vigorous
HIV-1-specific CD4+ T cell responses associated with con-
trol of viremia. Science 1997; 278: 1447-50

17. Ortiz GM, Nixon DF, Trkola A, et al. HIV-1-specific immune
responses in subjects who temporarily contain virus replica-
tion after discontinuation of highly active antiretroviral ther-
apy. J Clin Invest 1999; 104: R13-8

18. Ruiz L, Martinez-Picado J, Romeu J, et al. Structured treatment
interruption in chronically HIV-1 infected patients after long-
term viral suppression. AIDS 2000; 14: 397-403

19. Papasavvas E, Ortiz GM, Gross R, et al. Enhancement of human
immunodeficiency virus type 1-specific CD4 and CD8 T cell
responses in chronically infected persons after temporary
treatment interruption. J Infect Dis 2000; 182: 766-75

20. Ruiz L, Carcelain G, Martinez-Picado J, et al. HIV dynamics
and T-cell immunity after three structured treatment interrup-
tions in chronic HIV-1 infection. AIDS 2001; 15: F19-27

21. Garcia F, Plana M, Ortiz GM, et al. The virological and immu-
nological consequences of structured treatment interruptions
in chronic HIV-1 infection. AIDS 2001; 15: F29-40

22. Fauci AS. Host factors in the pathogenesis of HIV disease:
implications for therapeutic strategies [abstract no.S16]. In:
Abstracts of the 8th Conference on Retroviruses and Oppor-
tunistic Infections; 2001 Feb 4-8; Chicago (IL), 285

23. Dybul M, Chun TW, Yoder C, et al. Short-cycle intermittent
HAART: a pilot study [abstract no.354]. In: Abstracts of the
8th Conference on Retroviruses and Opportunistic Infections;
2001 Feb 4-8; Chicago (IL), 149

24. Neumann AU, Tubiana R, Calvez V, et al. HIV-1 rebound dur-
ing interruption of highly active antiretroviral therapy has no

© Adis Infernational Limited. All rights reserved.

25.

26.

217.

28.

29.

30.

deleterious effect on reinitiated treatment. AIDS 1999; 13:
677-83

Ramratnam B, Mittler JE, Zhang L, et al. The decay of the latent
reservoir of replication-competent HIV-1 is inversely corre-
lated with the extent of residual viral replication during pro-
longed anti-retroviral therapy. Nat Med 2000; 6: 82-5

Dorman KS, Kaplan AH, Lange K, et al. Mutation takes no
vacation: can structured treatment interruptions increase the
risk of drug-resistant HIV-1? J Acquir Immune Defic Syndr
2000; 25: 398-402

Bonhoeffer S, Rembiszewski M, Ortiz GM, et al. Risks and
benefits of structured antiretroviral drug therapy interruptions
in HIV-1 infection. AIDS 2000; 14: 2313-22

Daar ES, Bai J, Hausner MA, et al. Acute HIV syndrome after
discontinuation of antiretroviral therapy in a patient treated
before seroconversion. Ann Intern Med 1998; 128: 827-9

Colven R, Harrington RD, Spach DH, et al. Retroviral rebound
syndrome after cessation of suppressive antiretroviral therapy
in three patients with chronic HIV infection. Ann Intern Med
2000; 133: 430-4

Kilby JM, Goepfert PA, Miller AP, et al. Recurrence of the
acute HIV syndrome after interruption of antiretroviral ther-
apy in a patient with chronic HIV infection: a case report. Ann
Intern Med 2000; 133: 435-8

Correspondence and offprints: Dr Roy M. Gulick, Cornell
Clinical Trials Unit, Division of International Medicine
and Infectious Diseases, Weill Medical College of Cornell
University, 525 East 68th Street, Box 566, New York, NY
10021, USA.

E-mail: rgulick@med.cornell.edu

Drugs 2002; 62 (2)



	Abstract 245
	1. Acute Treated HIV Infection 246
	2. Chronic Treated HIV infection with Controlled Viraemia 248
	3. Chronic Treated HIV Infection Without Controlled Viraemia (Salvage Therapy) 249
	4. Risks of Structured Treatment Interruptions 251
	5. Conclusions 252
	Acknowledgements 252
	References 252
	Correspondence and offprints 253
	E-mail 253

