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lthough structured treatment 
interruptions (stis) are no longer the
most pressing topic among the
many researchers who were ini-
tially charmed by their multifac-
eted potential, stis very much re-

main in the hearts and minds of clinicians
and people living with hiv. And why
shouldn’t they? The reasons for wanting to
halt therapy, even temporarily, are just as
valid today as they once were. Even in
this day and age, in which once-daily drug
regimens with low pill burdens are plau-
sible, there are countless patients who
continue to grapple with adherence is-
sues and treatment “burnout.” There is
also the issue of long-term side effects,
whether it’s preventing, delaying, or re-
versing their onset. Immune augmenta-
tion still remains a worthwhile goal, al-
though its potential seems limited to those
fortunate few diagnosed during the pri-
mary stages of infection. Finally, there is
the possibility of using stis to overcome
drug-resistant virus in patients running
low on fresh treatment options.

It is encouraging to know that numer-
ous researchers, Dr. Mark Dybul being
one of them, still see hope in treatment in-
terruption strategies. “It’s important to
remember that treatment interruptions
have implications on a global scale,” Dr.
Dybul said during his opening remarks.
“Both in resource-rich and resource-poor
areas of the world, toxicities and quality-
of-life issues are important factors to con-
sider when discussing long-term treat-
ment. In resource-poor settings, there is
also the cost issue to consider. The costs of
antiretroviral medication are prohibitive if
our goal is to make these therapies more
widely available. Reducing the length of

time a patient needs to be treated is cer-
tainly one way to deal with this issue.”

But Dr. Dybul is by no means a Pollyan-
na when it comes to discussing global clin-
ical treatment interruption strategies. “It is
important that we consider what is ideal
and what is realistic,” he said. “The effi-
cacy and potential benefits of treatment in-
terruptions are vital in framing this dis-
cussion. However, there are also risks and
the need for risk/benefit analyses, which
will vary considerably, depending on the
global region being discussed.”

stis in Review: Hoping for Wild-Type
in Times of Virologic Failure
as reviewed in an extensive sti-focused
article published in the September 2001 is-
sue of The PRN Notebook—and summa-
rized again by Dr. Dybul—the rationale
for stis among patients experiencing vi-
rologic failure is quite different from the
autoimmunization and drug-sparing in-
terruption strategies discussed below. In
brief, patients with underlying hiv drug-re-
sistance mutations who initiate an sti
while experiencing virologic failure on a
haart regimen essentially remove the se-
lective pressure being exerted on the virus.
This, in theory, should permit the “opti-
mally fit” wild-type virus to outgrow drug-
resistant variants, thus having a domi-
nant drug-sensitive phenotypic popula-
tion. And once therapy is reinitiated, a
profound and perhaps durable response to
therapy would ensue.

Unfortunately, the results of two clinical
trials published to date proved stis to be of
limited value in the setting of salvage ther-
apy. In one study reported by Dr. Stephen
Deeks and his colleagues in the New Eng-

land Journal of Medicine, 16 patients who
had hiv-rna levels above 2,500 copies/mL
during haart were randomly assigned, in
a 2:1 ratio, to discontinue or continue ther-
apy (Deeks, 2001). Discontinuation of ther-
apy for 12 weeks was associated with a
median decrease of 128 CD4+ cells/mm3

and an increase in viral load of 0.84 log.
Virus from all patients with detectable re-
sistance at entry became susceptible to
protease inhibitors within 16 weeks after
the discontinuation of therapy, with sus-
ceptibility emerging approximately six
weeks into the sti. Yet, despite the loss of
detectable resistance by the end of the sti,
resistant virus was cultured from pbmcs

in 5/9 evaluable patients.
As for the subsequent response to treat-

ment, the median decrease in hiv-rna lev-
els between the time treatment was re-
sumed and 12 and 24 weeks later were 2.3
and 1.6 log copies/mL, respectively, and the
median increases in CD4+ counts were 102
and 77 cells/mm,3 respectively. After 24
weeks of therapy, approximately 40% of the
patients had viral loads below 200
copies/mL, which was more likely to occur
in patients naive to one of three antiretro-
viral drug classes—many patients were
naive to the non-nucleoside reverse tran-
scriptase inhibitors in this study—prior to
initiating the sti. In contrast, undetectable
viral loads in patients who did not have at
least one new potent drug to choose from
were either not achieved or short-lived.

In another study conducted by Dr.
Veronica Miller and her colleagues, drug
susceptibility was assessed using pheno-
typic and genotypic assays in 48 patients
who had interrupted treatment for two
months or longer (Miller, 2000). Prior to
initiating their stis, all of the patients had
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been receiving haart but had a median vi-
ral load of 5.07 log and were resistant to an
average of eight antiretrovirals. Similar to
the observations made by Dr. Deeks and his
colleagues, Dr. Miller’s team observed an av-
erage viral load increase of 0.7 log during
the patients’ stis. The median CD4+ count
was 49 cells/mm3 by the end of the treat-
ment interruption, reflecting a rather pro-
found median drop of 89 cells/mm3.

A complete shift to wild-type virus at the
phenotypic, genotypic and clonal level was
observed in 28/45 evaluable patients. Of
the patients with virus resistant (>tenfold
increase in IC50) to at least one drug from
each class, 68% experienced a shift to wild-
type virus, whereas 32% did not. At the end
of the treatment interruption period, the
median CD4+ counts were 58 cells/mm3

and 34 cells/mm3 for those who either did
or did not experience a wild-type shift, re-
spectively. Looking at these data another
way, patients who saw their drug-resis-
tant virus shift to wild type experienced a
median CD4+ decrease of 122 cells/mm,3

compared to a median 25 CD4+ cell/mm3

decrease among patients who did not ex-
perience a full drug-resistant to wild-type
shift during the interruption.

“In essence,” Dr. Dybul said during his
summarization of the data, “a shift to drug-
sensitive virus does occur, but drug-resistant
virus still remains. We see an increase in vi-
ral load and a decrease in CD4+ cell counts,
which mean significant clinical risks in pa-
tients with advanced hiv disease.” Still, the
possibility of using stis safely in patients
with dwindling treatment options is not
without hope—there are still studies un-
der way to shed additional light on stis in
this population of patients and to deter-
mine in whom, and under what circum-
stances, they are possible.

stis in Review: 
Autoimmunization Efforts
perhaps the greatest amount of sti data
come from clinical trials in which therapy is
temporarily halted for the sake of aug-
menting hiv-specific CD4+ and CD8+ cells to
gain better control of viral replication (The
PRN Notebook has reviewed the principles of
sti-induced immune response augmenta-
tion in several past issues, most recently in
the September 2001 publication). And what
we now know is that stis to achieve this
goal are a mixed bag of tricks.

One of the best known—and most suc-

cessful—efforts to augment hiv-specific
immune responses with the use of stis
comes from Massachusetts General Hos-
pital, where Dr. Eric Rosenberg and his
colleagues have had great fortune with a
group of patients who entered the mgh
clinic with primary hiv infection. One high-
ly publicized cohort involved 14 patients
who began treatment prior to, or at the
time of, hiv seroconversion. After main-
taining an undetectable viral load for at
least one year, these 14 patients initiated
their first sti, with the plan being to restart
treatment if their viral load exceeded 5,000
copies/mL for three consecutive weeks or
if viral load exceeded 50,000 copies/mL at
any one time.

During the first sti, hiv-rna levels in-
creased in all patients within 17 days, but
levels in four patients soon dropped below
5,000 copies/mL. Three of these patients
have remained off therapy for more than
three years. Among the remaining 11 pa-
tients, four have maintained viral loads
below 5,000 copies/mL as a result of sub-
sequent stis, some for longer than three
years. sti cycles are still being conducted
in six of the remaining patients. One pa-
tient who saw his viral load rebound to
7,500 copies/mL opted not to restart ther-
apy but is still being followed by Dr. Rosen-
berg’s team.

Dr. Dybul also noted that, compared to
the first sti, the majority of patients expe-
rienced a much slower rebound in hiv-
rna levels during the second sti that would
require them to restart therapy (36 days
vs. 184 days, respectively). “This was a
fairly impressive finding,” Dr. Dybul com-
mented, “and Dr. Rosenberg’s group has
done a lot of elegant work demonstrating
that, in fact, the immune response is
broadening and is becoming stronger dur-
ing treatment interruptions, which may
well indicate why the patients are able to
control their virus.”

While the role of stis in the setting of
primary hiv infection appears promising,
their potential in chronically infected pa-
tients—loosely defined as patients infect-
ed with hiv for more than six months—is
not at all clear. Now, with 52-week fol-
low-up data available from the Swiss-
Spanish Intermittent Treatment Trial
(ssitt), a more complete picture is coming
into focus (Fagard, 2001).

ssitti enrolled 133 patients being treat-
ed with haart and having had a viral load
less than 50 copies/mL for at least months.

All patients underwent four sti cycles,
composed of eight weeks on treatment
followed by two weeks off. At 40 weeks,
treatment would be discontinued through
week 52, at which time it would be deter-
mined how many patients maintained a vi-
ral load below 5,000 copies/mL and, as a
result, would be permitted to delay the
reinitiation of treatment. At the 52-week
mark, 24/133 (17%) patients had hiv-rna
levels below 5,000 copies/mL. After 96
weeks—56 weeks after the long break in
treatment was initiated—only 6% had vi-
ral loads below this point.

“What we had here were less than de-
sirable responses,” Dr. Dybul said. “Some
studies do suggest that autoimmunization
can occur in a very small percentage of ef-
fectively treated chronically infected pa-
tients, but the benefit of autoimmunization
in these patients out to a year off treatment
is practically zero. At this point, what we
need are clear insights into virologic and
immunologic differences between acute
and chronic autoimmunization strategies.”

Less Time on Therapy: 
Is It Still a Reasonable Goal?
beyond the potential impact of stis on
autoimmunization and the “conversion”
of drug-resistant quasispecies to wild-type
virus, lingering questions remain regard-
ing the overall safety and effectiveness of
continuous drug treatment in light of short-
and long-term side effects, adherence is-
sues, and the inevitable “burnout” faced by
many patients after several years of com-
plex drug therapy.

As discussed by Dr. Dybul in the Sep-
tember 2001 issue of The PRN Notebook, “It
seems like every day a new toxicity is be-
ing promulgated from one or more of the
agents we’re using, not in everyone, but
certainly in a significant number of pa-
tients. We have toxicities that can be quick-
ly fatal, such as pancreatitis, and life-threat-
ening toxicities that develop more slowly,
such as liver damage and an array of meta-
bolic complications.” Dr. Dybul also point-
ed to a number of side effects that, while
not life threatening, remain a major source
of angst among hiv-positive patients.
“Lipodystrophy and lipoatrophy are the
modern-day equivalents of Kaposi’s sar-
coma,” he added. “They are stigmatizing
and remind patients every day that they
are living with hiv and that it shows.”

Dr. Dybul also commented that side ef-
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fects, along with the near-religious fervor
with which these medications need to be
taken, create adherence problems. “We
need to have greater than 95% adher-
ence, but in some patients adherence does-
n’t exceed 50%,” he commented. “We, as
physicians, are supposed to set our pa-
tients right about this. Yet, if you give
physicians a 14-day course of antibiotics to
take, only 40% of them will complete the
full two weeks of therapy. And we’re ask-

ing these patients to stick to their multiple
daily regimens for the rest of their lives?”

There is also the fact that access to an-
tiretroviral therapy, let alone its side effects
and immune-boosting capabilities, is lim-
ited to approximately 5% of the hiv-in-
fected world. “For patients in the devel-
oping world, side effects might be consid-
ered a luxury,” Dr. Dybul wryly comment-
ed. “We clearly need treatment strategies
that are both affordable and effective for

people living with hiv in resource-poor
areas. If we can find a way to reduce the
total amount of drug needed by 30% or
50%, we may be talking about a much
more affordable option.”

Certainly, stis with their stop-restart
criteria dictated by predetermined CD4+
cell count and viral load margins are one
approach to reduce the length of time a pa-
tient receives drug treatment. But such
protocols are complex and probably best
conducted in the setting of clinical research,
given the explicit need—and exorbitant
costs—of frequent laboratory monitoring.
“stis of this nature may not be applicable
in many clinical settings, especially in re-
source-poor areas,” Dr. Dybul commented.
A philosophically different approach is that
of structured intermittent therapy (sit),
generally defined as regular scheduled pe-
riods off treatment, regardless of steady-
state hiv-rna levels or ctl responses. “sit
is intended to spare patients from having to
take medication on a continual basis, while
at the same time maintaining clinical effi-
cacy. Perhaps we can use sit to reduce the
costs of therapy and either slow, prevent, or
reverse some of the side effects of haart.”

Structured Intermittent Therapy
sit is a lower-maintenance, less stylized
adaptation of the sti. It is, in essence, a
pulsed-therapy approach to haart—a rel-
atively structured protocol to reduce over-
all drug exposure, regardless of immuno-
logic outcome, without (hypothetically)
compromising the long-term health of the
patient. “It’s about the benefits and draw-
backs that come with being on and off
treatment,” Dr. Dybul said. “The key to sit
approaches is finding the balance.”

At the heart of Dr. Dybul’s discussion of
sit are two studies conducted at the Na-
tional Institutes of Health. Dubbed the long-
cycle and short-cycle sit studies, signifi-
cant amounts of data are now available to
better understand this unique—and alto-
gether unorthodox—treatment approach.

In the long-cycle study, which will ulti-
mately enroll a total of 70 hiv-infected in-
dividuals, patients have been randomly
assigned to receive either continuous
haart, or repeated cycles of eight weeks
on haart followed by four weeks off
haart. As this study is still ongoing, pre-
liminary data continue to be reported at
various congresses. Finalized data will be
published once the study has been fully en-
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Ten patients receiving cycles of 7 days on haart followed by 7 days off of haart had mea-
surements of plasma hiv-rna after every other off-haart period. The results are shown as
hiv-rna copies per ml of plasma as determined by branched-chain dna assays (bdna); all
values >50 copies per ml of plasma are indicated at the designated time points. Patient
301 was removed from the study (arrow) after a 21-day interruption. Patient 309 had a
10-day interruption during the second off-drug cycle (week 4). Patient 305 withdrew from
the study at week 12 for personal reasons.

Source: Dybul, 2001. Reprinted with permission of the Proceedings of the National Academy of Sciences and the National
Academy of Sciences.

figure 1. Effect of Short-Cycle Intermittent Therapy on hiv-rna
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rolled and sufficient follow-up
data have been collected.

In the short-cycle study, 10
patients who had undetectable
hiv-rna levels while receiving a
haart regimen were switched
to a predetermined four-drug
regimen. This regimen was
taken for seven days and then
stopped for seven days, a cycle
that was repeated for at least a
year. Rigorous analyses of data
from this study were published
in the December 18, 2001, is-
sue of the Proceedings of the
National Academy of Sciences
and orally reviewed, most re-
cently, at the XIV International
aids Conference in Barcelona
(Dybul, 2001; 2002).

Long-Cycle sit: 
Preliminary Data
hiv-positive patients were
permitted to participate in the
long-cycle sit study provided
that they had been successful-
ly treated with haart—defined
as an undetectable viral load
(below 500 copies/mL for at
least six months—usually un-
der the care of their own doc-
tors. Patients also had to have
a CD4+ cell count above 300
cells/mm;3 the mean CD4+
count among patients entering
this study was 740 cells/mm3.

Dr. Dybul reported follow-
up data involving 22 patients in
the intermittent therapy arm
followed for at least 52 weeks.
Among these individuals, hiv
levels rebounded to varying
degrees when haart was dis-
continued. Upon resuming
therapy, Dr. Dybul was pleased
to report that viral load con-
sistently dropped to unde-
tectable levels in most of the
patients. “But we weren’t able
to do this in all of our patients,” he said.
“The reason appears to be resistance,
which makes us a little concerned.”

“We’ve all been a little weary of two-
months-on, one-month-off study approach,”
Dr. Dybul admitted. “We knew that we
would see rebounds in viral load during
the one month off treatment and we spec-

ulated that we’d end up seeing results sim-
ilar to those of the ssitt study, in that some
patients wouldn’t be able to bring their vi-
ral load back down to undetectable levels.
Another concern is the fact that patients are
highly infectious during a viral load re-
bound, which definitely increases the risk of
transmission of hiv to a partner.” These

concerns gave way to a sec-
ond sit study idea: “We noticed
that our patients rarely expe-
rienced a rebound in viral load
during the first seven days off
treatment. Therefore, we want-
ed to find out what would hap-
pen if we interrupted therapy
every other week.”

Short-Cycle sit: 
Published Results
as discussed above, the short-
cycle sit study consisted of ten
patients who had hiv-rna lev-
els below 500 copies/mL for
at least six months as a result
of a potent haart regimen. Af-
ter enrollment, all patients re-
ceived ritonavir, indinavir,
stavudine, and lamivudine in
an intermittent schedule of
seven days on therapy fol-
lowed by seven days off ther-
apy. The last dose of ritonavir
was held at the end of each
on-drug period to ensure more
rapid clearance of the last dose
of indinavir. Failure criteria
were a 30% decline in CD4+
cell counts compared with
baseline or an hiv-rna level
greater than 500 copies/mL
on two consecutive determi-
nations. The patients had lab-
oratory and clinical evalua-
tions at least every other off-
treatment period.

Eight of eight patients who
remained on the study regi-
men maintained viral load
suppression for up to 68 weeks
(see Figure 1). Two patients
left the study, one for personal
reasons at week 12 and one
for protocol violations.

To evaluate the effect of
short-cycle sit on the fre-
quency of replication-compe-
tent hiv in CD4+ cells, Dr. Dy-

bul’s team analyzed cell-associated rna
and proviral dna. There was no differ-
ence in the mean hiv-rna of 30.38 and
21.44 copies per million PBMCs at enroll-
ment and after 24 weeks of sit, respec-
tively. In addition, there was no differ-
ence in the mean proviral dna of 474 and
404 copies per million CD4+ cells at en-
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figure 2. Effect of Short-Cycle Intermittent Therapy
on Serum Cholesterol and Triglyceride Levels

Serum total cholesterol (A), low density lipoprotein cholesterol (B), and
serum triglyceride levels (C) were determined before enrollment (week
0) and at 24 and 52 weeks of intermittent therapy. The mean levels are
shown as indicated.

Source: Dybul, 2001. Reprinted with permission of the Proceedings of the National Academy of
Sciences and the National Academy of Sciences.
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rollment and after 24 weeks of sit, re-
spectively. “What’s more, three patients
maintained suppression of cellular hiv
rna and proviral dna during 52 weeks of
short-cycle sit,” Dr. Dybul added.

As for hiv-rna in reservoir sites, in-
guinal lymph nodes were obtained from
four patients after six months of sit and
from one of these patients at 52 weeks.
There was no hiv-rna detected by in situ
hybridization and low levels of hiv-rna
per million PBMCs obtained at 24 weeks.
“These observations were commensurate
with those reported for individuals receiv-
ing continuous haart,” Dr. Dybul said.

As for CD4+ cells, there was no change
in mean counts at enrollment compared to
24 weeks of sit (921 cells/mm3 vs. 900
cells/mm,3 respectively). In addition, there
was no change in the mean CD4+ cell per-
centage at enrollment compared to 24
weeks of sit (40% vs. 41%, respectively).

Of particular interest to Dr. Dybul’s team
were lipid-related side effects in the study
(see Figure 2). Impressively, there was a sig-
nificant decrease in mean serum choles-
terol of 22% during the first 24 weeks of sit.
In addition, although 6/8 patients had total
serum cholesterol above 200 mg/dL before
sit, none had levels greater than 200 mg/dL
after 24 weeks in the study. These lower
cholesterol levels were maintained up to
52 weeks in three individuals. Although
one patient began receiving pravachol at
week 20, he had already experienced a re-
duction in total cholesterol from 222 mg/dL
at enrollment to 140 mg/dL at week 16 of
sit. What’s more, there was a significant de-
crease in the mean level of ldl cholesterol,
from a mean of 142 mg/dL at enrollment to
a mean of 118 mg/dL after 24 weeks of
sit. There was also a significant decrease of
51% in triglycerides after 24 weeks of in-
termittent treatment.

As for lipid levels in the long-cycle sit
study, Dr. Dybul mentioned that signifi-
cant decreases—at least in triglyceride lev-
els—were, for the most part, not seen in
patients undergoing intermittent treatment
for 52 weeks. “The good thing here is that
we didn’t see any increases in triglyceride
levels, which is usually the case in patients
receiving continuous therapy.”

sit: The Potential Downsides
if there is one central concern many
clinicians have regarding treatment inter-
ruptions, it is the potential for drug resis-

tance. This has, in fact, been an issue in
numerous treatment interruption studies
conducted to date, the long-cycle sit trial
notwithstanding. As is discussed above,
not all patients in the long-cycle sit study
were able to bring their viral loads back
down to undetectable levels after each
treatment interruption. “We had four pa-
tients receiving efavirenz who developed
the K103N mutation during the fourth, fifth,
or sixth interruption,” pointed out Dr. Dy-
bul. “We also had several patients who
developed the M184V mutation while taking
a protease inhibitor-based regimen, re-
sulting in lamivudine resistance. While we
did learn that four of these patients had
lamivudine resistance before starting sit,
two additional patients developed lamivu-
dine resistance while in the study.”

As a rule of thumb, Dr. Dybul pointed
out that patients who experienced a high
rebound in hiv-rna during their treat-
ment interruptions were the most likely to
develop mutations down the line. “Among
patients who developed resistance, the
mean viral load rebound while off therapy
was 30,000 copies/mL, compared to a
mean increase of 1,500 copies/mL among
patients who maintained wild-type virus.
“The bottom line is that there’s a possibility
of resistance in patients taking either pro-
tease inhibitors on NNRTIs.”

In the short-cycle sit study, no patients
developed new resistance-conferring ge-
netic mutations during the course of the
trial, nor did any patient develop pheno-
typic evidence of decreased susceptibility
to the available antiretroviral drugs during
up to 52 weeks of sit.

Concluding Remarks
generally speaking, treatment inter-
ruptions are not yet being recommended
by experts for use in the clinical setting, ex-
cept in patients who have high CD4+ cell
counts and low viral loads at the time
therapy was initially started; that is, if pa-
tients want to stop therapy because of
side effects or the fear of developing toxi-
cities. “This is a clinically relevant group of
patients who I think a lot of clinicians are
now comfortable saying, ‘yes, it’s okay to
stop treatment.’ Obviously, these patients
need to be followed carefully, just as clin-
icians would follow untreated patients.”

For everyone else, which includes pa-
tients in the “salvage” stage of treatment
and patients who want to base treatment

interruptions on predetermined times or
laboratory changes, STIs are not recom-
mended outside of clinical studies. As
clearly illustrated by Dr. Dybul, long-cycle
intermittent therapy carries substantial
risks of drug resistance and, quite possibly,
an increased risk of transmission because
of the increase in viral load.

As for the potential benefits, “decreas-
es in toxicities and costs are important
and need to be weighed carefully against
the potential drawbacks of treatment in-
terruptions,” Dr. Dybul said. “For example,
if you get a 10% increase in resistance
and a 70% decrease in toxicities over time,
is that enough of a justification in this
country to do the treatment interruptions
or intermittent therapy? For some pa-
tients you might think that that is a good
idea. On the other hand, if you get a 10%
increase in resistance and no decrease in
toxicities, that probably is not a very ben-
eficial clinical approach. On the other
hand, if you are talking about Africa,
where you might have an increase in re-
sistance of 10% but a decrease in cost of
50%, that might be a reason in and of itself
regardless of what happens in toxicities to
pursue these approaches.” 
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