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ABSTRACT

To determine the long-term immunologic and virologic effects of antiretroviral treatment interruptions, a ret-
rospective analysis of an ongoing observational database was performed at a university HIV clinic. All pa-
tients who began highly active antiretroviral therapy (HAART) after January 1, 1996 and (1) were HAART
experienced for $90 days, (2) had a treatment interruption (TI) for $30 days, (3) resumed HAART for $30
days, and (4) had CD41 cell counts performed pre- and post-TI were included. Main outcome measures in-
cluded the following: Immunologic success was defined as a post-TI CD41 cell count .90% of the pre-TI
CD41 cell count (post-TI/pre-TI, .90%). Virologic success was defined as a post-TI viral load (VL) less or
equal to twice the pre-TI VL (post-TI/pre-TI, #2) or a post-TI VL of ,1000 copies/ml. The pre-TI (baseline)
value was the value at the start of the TI (range, 220 to 17 days); the post-TI value was the highest CD41

cell count and lowest VL copy achieved during the follow-up window (270 days). One thousand and eight pa-
tients were included in the analysis and 75 met the inclusion criteria. Forty-four of 75 patients (58.6%) achieved
a successful immunologic outcome and 52 of 68 patients (76.5%; 7 patients did not have a VL determined
within the specified periods) achieved a successful virologic outcome. No factors predicting success were iden-
tified. The median CD41 cell counts pre- and post-TI were 233 and 231 cells/ml, respectively; the median VLs
pre- and post-TI were 11,456 and 404 copies/ml, respectively. We conclude that the majority of our patients
in virologic failure who underwent a temporary TI recovered 90% of their baseline CD41 cell counts and re-
turned to within 2-fold of their baseline VL when HAART was resumed.
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INTRODUCTION

CONTINUOUS, LONG-TERM, highly active antiretroviral ther-
apy (HAART) was once thought to be a potential cure for

human immunodeficiency virus (HIV) infection. On the basis
of initial estimates of the life span of latently infected lym-
phocytes, complete eradication was believed to be possible af-
ter 3 to 4 years of continuous therapy.1–4 More recent estimates,
however, show that the life span of these chronically infected
cells is substantially longer than the original predictions.5,6

When combined with evidence of ongoing replication of HIV
even when viremia is below the level of detection,7–9 the con-
cept of achieving eradication with antiretroviral therapy alone
has been deemphasized. In addition to adopting a model of life-
long treatment, unanticipated drug toxicities are being encoun-
tered with increased frequency throughout the course of treat-

ment. On occasion, treatment-related toxicities are managed
with treatment interruptions (TIs), although the clinical conse-
quences of such interruptions are not fully understood.

Interruptions of HAART have been examined in acutely and
chronically infected patients for a variety of reasons. “Struc-
tured” or “scheduled” treatment interruptions have been evalu-
ated as an immunologic tool to prime the immune system with
the intent of boosting a cytotoxic T lymphocyte response suf-
ficient to control HIV infection.10–12 In chronically infected pa-
tients, especially among those with advanced disease, the im-
munologic benefits of this strategy have not been clearly
demonstrated.13–17 It is clear, however, that implementing TIs
increases the risk of potentially irreversible CD41 cell loss and
increased plasma HIV RNA.18–25 Owing to the relative lack of
data and the uncertainty of the clinical consequences, TIs are
still considered experimental and currently are not recom-
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mended for patients outside of clinical research studies. Still,
patients in clinical practice today commonly undergo “super-
vised” TIs of different durations, mostly due to toxicities. While
providing a short-term reprieve from many of the adverse ef-
fects of HAART, the long-term immunologic and virologic con-
sequences of supervised TIs are unknown. The underlying clin-
ical question is whether the short-term benefits of supervised
TIs to avoid toxicity outweigh the long-term consequences of
potentially irreversible immunologic decline. We report immu-
nologic and virologic outcomes of supervised TIs in a cohort
of chronically HIV-infected outpatients at the University of Al-
abama at Birmingham (UAB).

MATERIALS AND METHODS

Patients

The UAB Outpatient HIV Clinic began prospectively col-
lecting information on all patients into an ongoing observational
database in January 1994. Trained medical records personnel
use standardized procedures to collect clinical and treatment
data from medical records daily. Laboratory data are down-
loaded from the hospital laboratory system directly into the
database. All outside laboratory values are entered into the data-
base manually. The UAB Institutional Review Board has ap-
proved the protocol. Because the data evaluated in this study
were reviewed retrospectively, no informed consent was ob-
tained from the subjects.

The inclusion criteria for this study were as follows: (1)
HAART experienced for $90 days, (2) TI for $30 days, (3)
resumption of any HAART regimen for $30 days, and (4) mea-
sured CD41 cell count values pre- and post-TI. HAART was
defined as therapy with three or more drugs, at least one of

which was a protease inhibitor or nonnucleoside reverse tran-
scriptase inhibitor. For patients with more than one TI, the most
recently completed TI was used.

Definitions of success

Successful immunologic outcome was defined as a post-TI
CD41 cell count that returned to greater than 90% of the pre-
TI CD41 cell count (post-TI/pre-TI, .90%). Virologic success
was defined as a post-TI viral load (VL) that returned to less
than or equal to two times the pre-TI VL (post-TI/pre-TI, #2)
or a post-TI VL ,1000 copies/ml. The pre-TI (baseline) value
was defined as the value at the start of the TI, ranging from 20
days before the TI to 7 days after the TI began. The post-TI
value was the best value achieved during the follow-up win-
dow (270 days), that is, the highest CD41 cell count and low-
est VL copy, beginning at least 30 days after the TI.

Statistical analysis

We examined outcomes based on immunologic and virologic
responses to HAART after the TI. All calculations were per-
formed with SAS software, version 6.12 (SAS Institute, Cary,
NC). Demographics are presented using descriptive statistics.
Comparison between patients included in the study versus not
included utilized x2 statistics for categorical variables and the
Kruskal–Wallis test for continuous factors. Similarly, compar-
isons between immunologic success and failure groups also uti-
lized the x2 test for categorical data and the Kruskal–Wallis test
for continuous data. The covariates examined included mini-
mum CD41 cell count and maximum VL ever, CD41 cell count
and VL at TI start, CD41 cell count and VL at TI end, dura-
tion of TI, number of previous TIs, number of previous regi-
mens, and duration of follow-up.
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FIG. 1. Patient selection process. HAART, Highly active antiretroviral therapy; TI, treatment interruption.



RESULTS

Patient characteristics

A total of 1008 patients began HAART after January 1, 1996
(prior ART allowed). Of these, 75 met the inclusion criteria
(Fig. 1). Compared with the 933 excluded patients, the 75 in-
cluded patients had significantly more white than nonwhite pa-
tients (Table 1). All other demographic characteristics were
similar between the two groups. The 75 included patients had
a median minimum CD41 cell count (ever) of 85 cells/ml and
a median maximum VL (ever) of 145,760 copies/ml (5.16 log10)
during their treatment history before the TI, indicating that they
were relatively advanced in their disease before the initiation
of HAART.

The patients had a median 573 days of HAART experience,
with a median of three different HAART regimens (range,
1–17) before their TI (Fig. 2). A new HAART regimen was de-
fined as any change in medications, including TIs, other than
dosage changes. The median CD41 cell count and VL pre-TI
was 233 cells/ml and 11,456 copies/ml (4.06 log10), respec-
tively. Of note, the majority of these patients were experienc-
ing virologic rebound (VL . 500) at the time of TI. Among the
68 patients who had recorded VL values pre-TI, only 9 patients
had a VL , 50 copies/ml and 11 had a VL between 50 and 500
copies/ml. Toxicity, mostly gastrointestinal, was the primary
reason for the TI (Table 2). The median duration of the TI was

67 days (range, 31–1018 days); after the TI, HAART was re-
sumed for a median of 171 days (range, 35–266 days; Fig. 2).
Sixty-six of 75 patients reinitiated treatment with a different
HAART regimen. The majority of these patients did not have
resistance testing data available.

Immunologic and virologic responses

CD41 cell count and VL data were analyzed beginning 30
days after the resumption of therapy until the end of the fol-
low-up window (270 days). The median value of the best CD41

cell count achieved for all patients during this follow-up period
was 231 cells/ml (Fig. 2), with 44 of 75 patients (58.6%) achiev-
ing a post-TI/pre-TI CD41 cell count ratio . 90% (Fig. 3A).
On the basis of the CD41 cell count measurements obtained, a
median of 92 days (range, 32–261 days) was required to achieve
this best CD41 cell count. Seven patients (9.3%) were unable
to attain a post-TI CD41 cell count greater than 50% of their
pre-TI CD41 cell count. Virologically, the median of the low-
est VL attained in the follow-up period was 404 (Fig. 2), with
56 of 68 patients (82.4%) achieving successful VL outcome
(Fig. 3B). Fifty-four patients had a post-TI VL within 2-fold of
their pre-TI VL and 2 patients had a follow-up VL less than
1000 copies/ml (114 and 523 copies/ml). On the basis of the
VL measurements obtained, a median of 83 days (range, 32–259
days) was required to achieve this best VL. Forty-eight of these
56 patients (70.6% of total) attained a post-TI VL less than or
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FIG. 2. Median and range of days, CD41 cell count, and viral load (VL) during each segment of therapy. HAART, Highly ac-
tive antiretroviral therapy; TI, treatment interruption.

TABLE 1. COMPARISON OF THE 75 PATIENTS INCLUDED IN THE

STUDY WITH THE 933 PATIENTS EXCLUDED FROM THE STUDY

Characteristic Included Excluded p Value

White 71% 57% 0.0200
Male 83% 81% 0.6800
Agea 36 years 37 years 0.5400
CD41 cell count at TIa 156 cells/ml 192 cells/ml 0.4100
Follow-up durationa 1142 days 649 days 0.0001

Abbreviations: TI, Treatment interruption.
aMedian values.



equal to their pre-TI VL. Of the TI failure patients, most failed
because of either immunologic or virologic relapse (31 or 12
patients, respectively). Only six patients failed both.

x2 and Kruskal–Wallis tests were used to compare factors
between the immunologic success and failure groups (Table 3).
Although no significant differences were found, a trend toward
immunologic success was seen with a shorter duration of TI
and a longer duration of follow-up. In a subgroup analysis of
the patients in virologic failure (VL $ 500 copies/ml) at the TI,
31 of 49 patients (63.2%) had successful CD41 cell count out-
comes and 40 of 48 patients (83.3%; 1 patient did not have a
follow-up VL value in the specified window) had successful
VL outcomes (post-TI/pre-TI, $2; or a post-TI VL of ,1000
copies/ml). A subgroup analysis of all patients at 24 weeks (64
weeks) post-TI showed 20 of 35 patients (57.1%) with suc-
cessful CD41 cell count outcomes and 24 of 33 patients (72.7%)
with successful VL outcomes. To help determine whether pa-
tients who initially achieved successful outcomes subsequently
experienced relapse and clinical progression, a time trend anal-
ysis was performed in which the follow-up window was divided
in half and CD41 cell count outcomes were analyzed for each
half. Thirty-nine of 72 patients (54.2%) and 27 of 43 patients
(62.8%) had successful CD41 cell count outcomes during the
first and second halves, respectively. Forty-nine of 64 patients
(76.6%) and 32 of 39 patients (82.1%) had successful VL out-
comes during the first and second halves, respectively. Al-
though the total number of patients in the second half declined
significantly, the proportion of patients with successful out-
comes tended to improve over time. This is consistent with the
trend noted earlier of immunologic success with a longer du-
ration of follow-up. There were no deaths during the follow-up
period and only one opportunistic infection (progressive mul-
tifocal leukoencephalopathy), which occurred 3 months after
the TI.

DISCUSSION

Owing to the chronic nature of HAART and the increasing
incidence of treatment-limiting toxicities, temporary TIs are be-
ing used more frequently to manage drug-related toxicities. Yet,
to date, there is little information about whether virologic and
immunologic (CD41 cell count) responses can be regained once
therapy is resumed. Our retrospective analysis of 75 chronically
HIV-infected patients suggests that TIs, employed mainly for
toxicity to an ongoing treatment regimen, are relatively safe.
As shown in Fig. 3, the majority of our patients subsequently
experienced a successful recovery of CD41 cell counts and sup-
pression of VL back to their baseline (TI start) levels after the
resumption of HAART.

Treatment interruptions have been used in HIV therapeutics
for many reasons. So-called strategic or structured TIs have
been used as a means to stimulate the immune system response
to HIV. With the exception of their use in acutely infected in-
dividuals,11 studies of structured TIs have yielded disappoint-
ing degrees of immune system control of viral replication and
have defined many risks to interrupting therapy.18,23,26,27

Among chronically infected patients on receiving HAART with
high CD41 cell counts and undetectable VL, several studies18,23

have shown prompt viral rebound back to pretreatment levels,
usually within 2 to 4 weeks, when HAART was discontinued.
There have been case reports of such patients developing symp-
toms of acute HIV infection.26,27 In patients with advanced dis-
ease who have experienced multiple treatment failures and high-
level viral resistance. TIs have been proposed as a potential
strategy to improve virologic responsiveness to antiretroviral
therapy. Studies of the rebounding virus following TIs in this
setting have shown a shift from multidrug-resistant virus back
to wild-type virus within 8 to 12 weeks, often associated with
increased viral fitness and replicative capacity.25,28,29 The im-
munologic consequences associated with these shifts in viral
fitness appear ominous, with dramatic declines in CD41 cell
counts observed at the time of conversion to wild-type virus.
Anecdotal reports suggest that several of these patients never
recover their CD41 cell counts to pre-TI levels, causing sig-
nificant concern.20,23,25 The true incidence of this worrisome
response and whether these patients subsequently will recover
immunologic and virologic control remain unknown.

The most common use of TIs in clinical practice is to man-
age toxicities and “treatment fatigue.” Despite the potential
long-term consequences suggested by studies of “structured”
TIs, patients undergoing continuous HAART often undergo a
“supervised” TI by their physicians for treatment toxicities. An
increasing number of patients today develop treatment-associ-
ated adverse effects, such as nausea, vomiting, lipodystrophy,
diabetes mellitus, or hyperlipidemia. Continuing therapy in
these patients increases the likelihood of poor adherence along
with the potential development of viral resistance, or other com-
plications of therapy, such as pancreatitis, coronary artery dis-
ease, or lactic acidosis. Other patients simply develop treatment
fatigue and request a TI for a period of time.

The use of TIs in these settings leads to several critical ques-
tions: Do the immunologic and virologic risks of a TI to allow
the acute issue to improve or resolve, followed by restarting
therapy, outweigh the risks of continued therapy? Do TIs have
any role in the management of long-term treatment toxicities?
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TABLE 2. REASONS FOR TREATMENT INTERRUPTIONa

No. of
Reason for treatment interruption patients

Toxicities
GI symptoms (nausea, vomiting, 35

diarrhea, abdominal pain)
Metabolic abnormalities (hyperlipidemia, 13

diabetes mellitus, lactic acidosis)
Neuropathy 6
CNS symptoms (fatigue, depression, 6

nightmares)
New opportunistic infection (PCP) 1
Virologic failureb 9
Nonadherence 5
Financial 11

Abbreviations: GI, Gastrointestinal; PCP, Pneumocystis
carinii pneumonia.

aSome patients had more than one reason for their treatment
interruption.

bAlthough these patients began their treatment interruption
primarily for virologic failure, the majority of the other patients
were in virologic failure (VL . 500 copies/ml) as well.



Will chronically infected patients who undergo a supervised TI
recover the same degree of immunologic and virologic control
on resumption of therapy? Our data suggest that most patients
experiencing virologic failure who have a TI will recover at
least 90% of their baseline CD41 cell counts and return to

within 2-fold of their baseline VL or less than 1000 copies/ml
when HAART is resumed. Acute treatment toxicities generally
resolve with the TI and with most patients resuming a differ-
ent HAART regimen. The effect on chronic toxicities, however,
could not be assessed with a follow-up window of only 270
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B

FIG. 3. (A) Box plots of CD41 cell count nadir before the treatment interruption (TI), at the start of the TI, at the end of the
TI, and the highest value during follow-up (FU). (B) Box plots of VL copy peak before the TI, at the start of the TI, at the end
of the TI, and the lowest value during follow-up. *, outliers.



days. Whether the benefits of a temporary TI for “treatment fa-
tigue” outweigh the risks can be answered only by a random-
ized clinical trial.

Although the majority of our patients had successful out-
comes by our definitions, the successful virologic response
seemed to outpace the successful immunologic response, with
the median viral loads improving from 11,456 to 404 copies/ml
and median CD41 cell counts staying about the same, from 233
to 231 cells/ml (Fig. 2). The good virologic response was likely
because most of our patients were in virologic relapse (VL .

500) at the time of the TI and subsequently restarted a new reg-
imen to which they responded well. The immunologic response
was not as dramatic possibly because the modest VL decrease
from 11,456 to 404 copies/ml did not allow for a substantial
rise in CD41 cell counts but did allow the CD41 cell count to
rise back to its baseline value. The more substantial CD41 cell
response most likely had already occurred with the original ini-
tiation of HAART, demonstrated by the difference between the
patients’ median nadir CD41 cell count (92 cells/ml; Table 3)
and the median CD41 cell count at the TI (233 cells/ml; Fig.
3a).

Despite the successful outcomes of most of the patients, a
minority of patients failed to regain virologic or immunologic
control. We could identify no significant predictors of failure
within our cohort (Table 3). A trend toward failure, however,
was seen with a shorter duration of follow-up and a longer du-
ration of TI. The shorter duration of follow-up likely reflects
the importance of allowing patients enough time to recover.
Failure among patients with a longer duration of TI may be re-
lated to drug-resistant virus reverting back to wild-type virus,
with concomitant increased viral fitness and loss of CD41

cells. This has been shown to occur at about 8–12 weeks,25–27

which is precisely the time difference between the median du-

ration of TI in the success and failure groups (58 and 89 days,
respectively). If reversion to wild type is the reason for this
trend, the duration of the TI will be important in predicting
failure. Seven of the 31 patients who failed immunologically
were unable to return to .50% of their baseline CD41 cell
counts. One cannot draw significant conclusions from such few
numbers but these patients tended to be highly HAART expe-
rienced with a median of 10 different HAART regimens (range,
3–14) and a median of 435 days of HAART (range, 225–969
days) before the TI. Almost all used antiretroviral medications
to which they were previously exposed. The duration of the TI
ranged from 52 to 213 days with a median of 67 days. Base-
line CD41 cell counts and VL copies varied widely. Of note,
three patients had only one CD41 cell count measurement per-
formed during the follow-up period (on days 63, 70, and 70),
as their TIs were recent. These patients may do better with con-
tinued follow-up. Among the 31 patients who failed immuno-
logically and the 12 patients who failed virologically, only 6
patients failed both. The reason for this discordance is unclear
and, again, meaningful conclusions are difficult. These patients
also tended to be HAART experienced (median of 4.5 prior
HAART regimens and 592 prior days of HAART), with a me-
dian TI duration of 103 days. Again, almost all used recycled
medicines. One patient had only one set of laboratory values
during the follow-up period (day 98). One possible explana-
tion for this discordance likely relates to each patient’s origi-
nal virologic set point. Under this scenario, a patient who failed
by CD41 cell count but was successful by VL likely ended
with a VL that, although successful by our definition, was still
too high for that patient’s immune status and the patient there-
fore suffered immunologic decline. Likewise, a patient who
failed by VL but was successful by CD41 cell count likely
ended with a VL that, although a failure by our definition, was
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TABLE 3. KRUSKAL–WALLIS ANALYSES BASED ON CD41 CELL COUNTS

COMPARING IMMUNOLOGIC SUCCESS AND FAILURE GROUPS

Kruskal–
Median success Medial failure Wallis

Factor (range) (range) (p value)

Duration of TI 58 days (32–395) 89 days (31–1018) 0.10
Duration of follow-up 194 days (35–266) 147 days (35–265) 0.09
Number of prior regimens 3 (1–12) 4 (1–17) 0.42
$1 prior TI 40.9% 38.7% 0.85a

Total duration of prior TI 0 daysb (0–267) 0 daysb (0–243) 0.83
Duration of TI/duration of 0.15 (0.03–1.55) 0.17 (0.03–3.47) 0.53

HAART before TI
CD41 cell count, min (ever) 92 cells/ml (1–580) 85 cells/ml (5–587) 0.37
VL, max (ever) 134,567 copies/ml 176,940 copies/ml 0.83

(2,837–7,721,715) (399–4,546,496)
CD41 cell count at TI 180 cells/ml (4–770) 254 cells/ml (19–1203) 0.11
VL at TI 14,485 copies/ml 1,575 copies/ml 0.49

(49–614,370) (49–1,000,000)
End of TI CD41 cell count 207 cells/ml (1–662) 96 cells/ml (17–469) 0.32
End of TI VL 54,731 copies/ml 103,335 copies/ml 0.27

(57–1,000,000) (131–2,824,714)

Abbreviations: HAART, Highly active antiretroviral therapy; TI, treatment interruption; VL, viral load.
ax2 value.
bThe majority of patients had no previous TI.



still low enough to allow the patient immunologic success. The
level that defines true virologic failure is, as yet, undefined and
is under investigation.

There are several limitations to our study. First, this is a ret-
rospective analysis of an ongoing observational database. The
follow-up laboratory values were not always done at set inter-
vals and thus vary somewhat for each patient. Most patients had
CD41 cell count and VL values through the 9-month follow-up
window, but some patients had their TI more recently and did
not have a full 9 months of follow-up. These patients may have
actually done better or worse than our data indicate. Second, we
did not assess for mortality during the TI, as all patients included
were required to resume HAART. However, there were no deaths
during the follow-up period among the patients who resumed
HAART. The only opportunistic infection during the TI or fol-
low-up period was one episode of progressive multifocal
leukoencephalopathy, which occurred 3 months after the start of
the TI. The low incidence of opportunistic infections suggests
that morbidity and mortality were not major contributors of bias
in this study. Third, our numbers were small. Our study did not
have enough power to adequately determine the potential factors
that affected the immunologic or virologic outcomes of patients
who underwent a TI. In a power analysis based on our data for
CD41 cell counts, a Wilcoxon rank sum test showed that 99 pa-
tients in each group (success/failure) would have been required
to have 80% power in identifying a difference between the two
groups. Fourth, we were not able to assess for the potential de-
velopment of viral resistance during the TI as only a few of the
patients had resistance genotype or phenotype data available. The
lack of resistance data could potentially bias the results of this
study compared with patients who do have these data. This bias,
however, would be a bias towards the null, as our results would
be a minimal estimate of the true effect had the resistance data
been available. The successful outcomes achieved by the major-
ity of patients despite this, however, argue even more strongly
for the safety of temporary TIs, especially if resistance informa-
tion were available.

It is still too soon to recommend temporary TIs in routine
clinical practice. If used, however, they should be conducted in
a closely supervised setting. Owing to the nature of long-term
adverse effects of antiretroviral therapy, many clinicians are
choosing this option more frequently, despite the lack of clin-
ical study data. Further study of TIs needs to be done, espe-
cially in the area of duration of TIs. If our results are supported
by other studies, clinicians who put their patients on a tempo-
rary TI should be reassured that they are not likely to cause
long-term harm to their patients, especially when viewed in the
context of harm reduction from chronic exposure to drug-re-
lated adverse events. In addition, if temporary TIs are shown
to be safe, they may significantly reduce adverse effects and
provide substantial cost savings in the long-term treatment of
chronically HIV-infected individuals.
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