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ABSTRACT

BACKGROUND

Despite declines in morbidity and mortality with the use of combination antiretro-
viral therapy, its effectiveness is limited by adverse events, problems with adherence,
and resistance of the human immunodeficiency virus (HIV).

METHODS

We randomly assigned persons infected with HIV who had a CD4+ cell count of more
than 350 per cubic millimeter to the continuous use of antiretroviral therapy (the
viral suppression group) or the episodic use of antiretroviral therapy (the drug con-
servation group). Episodic use involved the deferral of therapy until the CD4+ count
decreased to less than 250 per cubic millimeter and then the use of therapy until
the CD4+ count increased to more than 350 per cubic millimeter. The primary end
point was the development of an opportunistic disease or death from any cause. An
important secondary end point was major cardiovascular, renal, or hepatic disease.

RESULTS

A total of 5472 participants (2720 assigned to drug conservation and 2752 to viral
suppression) were followed for an average of 16 months before the protocol was
modified for the drug conservation group. At baseline, the median and nadir CD4+
counts were 597 per cubic millimeter and 250 per cubic millimeter, respectively,
and 71.7% of participants had plasma HIV RNA levels of 400 copies or less per mil-
liliter. Opportunistic disease or death from any cause occurred in 120 participants
(3.3 events per 100 person-years) in the drug conservation group and 47 participants
(1.3 per 100 person-years) in the viral suppression group (hazard ratio for the drug
conservation group vs. the viral suppression group, 2.6; 95% confidence interval [CI],
1.9 to 3.7; P<0.001). Hazard ratios for death from any cause and for major cardio-
vascular, renal, and hepatic disease were 1.8 (95% CI, 1.2 to 2.9; P=0.007) and 1.7
(95% CI, 1.1 to 2.5; P=0.009), respectively. Adjustment for the latest CD4+ count
and HIV RNA level (as time-updated covariates) reduced the hazard ratio for the
primary end point from 2.6 to 1.5 (95% CI, 1.0 to 2.1).

CONCLUSIONS
Episodic antiretroviral therapy guided by the CD4+ count, as used in our study,
significantly increased the risk of opportunistic disease or death from any cause,
as compared with continuous antiretroviral therapy, largely as a consequence of
lowering the CD4+ cell count and increasing the viral load. Episodic antiretroviral
therapy does not reduce the risk of adverse events that have been associated with
antiretroviral therapy. (ClinicalTrials.gov number, NCT00027352.)
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ITH THE ADVENT OF POTENT COMBI-

nation antiretroviral therapy came the

hope that such therapy might lead to
the eradication of infection with the human im-
munodeficiency virus (HIV).! It was soon recog-
nized, however, that this goal was unlikely to be
achieved owing to the existence of latent reser-
voirs; people infected with HIV would need to re-
ceive antiretroviral therapy for many years, if not
for life.?3 Potent antiretroviral therapy is associ-
ated with substantial benefits with regard to mor-
bidity and mortality.*-° However, the therapy is also
associated with both short-term and long-term
adverse events.”® Major metabolic and cardiovas-
cular complications have been a particular con-
cern.®1° In addition, HIV can become resistant to
available antiretroviral therapy, particularly if ad-
herence is poor, which can lead to cross-resistance
within a class of drugs and, ultimately, to multi-
drug resistance.'* Prolonged use of antiretroviral
therapy is also expensive.'?

The inherent risks and problems associated
with lifelong antiretroviral therapy have led to the
study of treatment-sparing strategies that might
provide the benefits of antiretroviral therapy while
minimizing the risk of adverse events and other
risks associated with long-term use. We conducted
the Strategies for Management of Antiretroviral
Therapy (SMART) trial in order to compare a treat-
ment strategy of episodic use of antiretroviral
therapy according to the CD4+ count with the cur-
rent practice of continuous antiretroviral therapy.

METHODS

The SMART study was initiated by the Terry Beirn
Community Programs for Clinical Research on
the Acquired Immunodeficiency Syndrome (AIDS)
and implemented in collaboration with regional
coordinating centers in Copenhagen (the Copen-
hagen HIV Programme), London (the Clinical Tri-
als Unit of the Medical Research Council), and
Sydney (the National Centre in HIV Epidemiology
and Clinical Research). Some members of the
SMART writing group developed the study proto-
col with the sponsor, the Division of AIDS of the
National Institute of Allergy and Infectious Dis-
eases (NIAID). The writing group takes full re-
sponsibility for the completeness and veracity of
the data, data analyses, and this article. Drugs
used in the study were purchased by patients ei-
ther directly or through insurance, Social Secu-
rity, or public access programs.

PARTICIPANTS
Persons infected with HIV who were older than
13 years and were not pregnant or breast-feeding
were eligible for the study if their CD4+ count
exceeded 350 cells per cubic millimeter and they
were willing to initiate, modify, or stop antiretro-
viral therapy according to study guidelines. Partici-
pants were eligible whether or not they had received
or were currently receiving antiretroviral therapy.
The study was approved by the institutional review
board at each site, and written informed consent
was obtained from all participants.

STUDY DESIGN
The SMART study is a randomized trial comparing
two antiretroviral treatment strategies. Investi-
gators and participants were aware of the treat-
ment assignments. The viral suppression strat-
egy, which was the control strategy, was defined
to be consistent with the 2003 guidelines for the
use of antiretroviral agents in HIV-infected adults
and adolescents?3: available antiretroviral regi-
mens were to be used in an uninterrupted manner
with the goal of maximal and continuous sup-
pression of HIV replication. The experimental
drug conservation strategy entailed the episodic
use of antiretroviral therapy according to CD4+
count thresholds: the use of antiretroviral ther-
apy was deferred until the CD4+ count decreased
to less than 250 cells per cubic millimeter, at which
time antiretroviral therapy was to be initiated (or
reinitiated) and continued until the CD4+ count
increased to more than 350 cells per cubic milli-
meter. The protocol also permitted antiretroviral
therapy to be initiated (or reinitiated) if symptoms
of disease from HIV infection (e.g., oral thrush)
developed or the percentage of CD4+ lympho-
cytes (CD4+ percentage) was less than 15%. On
confirmation that the CD4+ count was more than
350 cells per cubic millimeter, antiretroviral ther-
apy was to be stopped and then resumed when
the CD4+ count was less than 250 cells per cubic
millimeter. During periods of antiretroviral ther-
apy, the goal was to achieve maximal viral sup-
pression. The CD4+ count thresholds for stopping
and starting antiretroviral therapy were chosen on
the basis of reported associations between CD4+
counts and the risks of opportunistic diseases
and death.131¢

The primary end point was new or recurrent
opportunistic disease or death from any cause.
Qualifying clinical events included those in the
revised case definition for AIDS of the Centers for
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Disease Control and Prevention,'” as well as ad-
ditional conditions related to immunodeficiency
(see the Supplementary Appendix, available with
the full text of this article at www.nejm.org).
Important secondary end points included death
from any cause; serious opportunistic disease!s;
major cardiovascular, renal, or hepatic disease (see
the Supplementary Appendix); and grade 4 adverse
events (not including opportunistic disease) or
death from any cause. Grade 4 adverse events were
defined as potentially life-threatening symptom-
atic events requiring medical intervention, accord-
ing to the toxicity table of the Division of AIDS
of the NIAID. Data on lower-grade toxic effects
were not collected.

Using preestablished criteria, an end-point re-
view committee that was unaware of the treat-
ment assignments reviewed the events classified
as opportunistic disease, death from any cause,
or major cardiovascular, hepatic, or renal disease.
The end-point review committee classified the
underlying cause of death using the Coding of
Death in HIV (CoDe) project system.'® Opportu-
nistic disease and major cardiovascular, renal, or
hepatic diseases classified as confirmed or prob-
able by the end-point review committee were con-
sidered end points, as were all deaths, irrespective
of the cause.

We calculated that 6000 patients would need
to be enrolled for the study to have a statistical
power of 80% to detect a 17% relative reduction
in the rate of opportunistic disease or death from
any cause in the drug conservation group as com-
pared with the viral suppression group, with a
two-sided alpha level of 0.05. Follow-up was to
continue until 910 primary end points had oc-
curred (estimated to be at least 6 years for each
participant), assuming an event rate in the viral
suppression group of 1.3% in each of the first
2 years and 2.6% per year thereafter.2 Ran-
domization was stratified according to clinical
site with the use of permuted blocks of random
sizes.

DATA COLLECTION AND FOLLOW-UP
Before randomization, participants’ antiretroviral
therapy history and medical history were obtained,
as were the nadir CD4+ count; the highest re-
corded plasma HIV RNA level; the CD4+ count,
CD4+ percentage, and HIV RNA level at baseline;
and the three most recent CD4+ counts, CD4+
percentages, and HIV RNA levels before baseline.
Follow-up visits were scheduled at 1 month and

2 months, every 2 months thereafter for the first
year, and every 4 months in the second and sub-
sequent years. At each visit, a history was taken and
an examination conducted, and the CD4+ count
and HIV RNA level were measured. More frequent
assessments could be carried out if clinical care
was required. At baseline and at each annual visit,
a 12-lead electrocardiogram was obtained; the
data were electronically transmitted to a reading
center for detection of any changes indicative of
a silent myocardial infarction.223

INTERIM MONITORING OF SAFETY AND EFFICACY
An independent data and safety monitoring board
reviewed interim analyses from the SMART study
atleast annually. According to protocol guidelines,
the board was to consider early termination of
the study or modification of the protocol if find-
ings concerning the primary end point (opportu-
nistic disease or death from any cause) and the
secondary end point of major cardiovascular, re-
nal, or hepatic disease were consistent — both
favoring the same treatment group — and there
was clear and substantial evidence of benefit or
harm. An O’Brien—Fleming boundary and the Lan—
DeMets spending function were used to control
the type I error with regard to the primary end
point.2+25

On January 10, 2006, at its sixth meeting, the
board recommended stopping enrollment in the
SMART trial because of a safety risk in the drug
conservation group and because it appeared to be
very unlikely that superiority of the drug conserva-
tion treatment would be shown. On January 11,
2006, investigators and participants were notified
of these findings, enrollment was stopped, and
participants in the drug conservation group were
advised to restart antiretroviral therapy. All partic-
ipants continued in follow-up. This article describes
findings through the closure of enrollment.

STATISTICAL ANALYSIS
The drug conservation and viral suppression groups
were compared according to the intention-to-treat
principle. Time-to-event methods (Kaplan—Mei-
er survival curves and Cox proportional-hazards
models) were used to compare the drug conser-
vation group and the viral suppression group with
respect to event rates for opportunistic disease or
death from any cause; death from any cause; seri-
ous and nonserious opportunistic disease; major
cardiovascular, renal, or hepatic disease; and
grade 4 events.2° Follow-up data were censored
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Table 1. Baseline Characteristics of Study Participants.*
Drug
Conservation Viral Suppression
Group Group All
Characteristic (N=2720) (N=2752) (N=5472)
Age (yr)
Median 43 44 43
Interquartile range 38-50
Female sex (%) 26.3 28.0 27.2
Race (%)
Black 28.5 29.8 29.1
White 56.4 54.8 55.6
Other 15.1 15.4 153
Mode of infection with HIV (%)
Sexual contact
With person of same sex 51.4 48.5 49.9
With person of opposite sex 44.4 45.6 45.0
Injection-drug use 9.8 9.5 9.7
Other or unknown 7.5 8.7 8.1
CD4+ count (cells/mm?)
Median 597 597 597
Interquartile range 466-790
CD4+ nadir (cells/mm?)
Median 250 250 250
Interquartile range 155-359
HIV RNA =400 copies/ml (%) 71.8 715 717
Prior recorded highest HIV RNA level (log copies/ml)
Median 438 438 438
Interquartile range 42-53
Cardiovascular risk factor
Current smoker (%) 413 39.6 40.5
Diabetes (%) 7.0 7.1 7.0
Prior cardiovascular disease (%) 6.7 6.1 6.4
Blood pressure—lowering drugs (%) 19.2 18.1 18.6
Lipid-lowering drugs (%) 15.7 15.6 15.6
Total cholesterol (mg/dl)
Median 191 189 190
Interquartile range 163-220
High-density lipoprotein cholesterol (mg/dl)
Median 40 41 40
Interquartile range 33-50

either when participants were lost to follow-up sion group were estimated from Cox models with
before January 11, 2006, or on that date. a single binary treatment group indicator. We

The hazard ratios for the comparison of the tested the proportional-hazards assumption by
drug conservation group with the viral suppres- including an interaction term between the treat-
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Table 1. (Continued.)

Characteristic
History of ART (%)
Never received ART
Previous Pl use
Previous NNRTI use
Use of ART at baseline
Time since first ART (yr)
Median
Interquartile range
Type of ART at baseline (% of patients receiving ART)
Pl
NNRTI
Pl and NNRTI
Most common drug combinations
Zidovudine, lamivudine, efavirenz
Zidovudine, lamivudine, nevirapine
Zidovudine, lamivudine, abacavir
Zidovudine, lamivudine, nelfinavir
Prior AIDS-related illness (%)
Hepatitis B (%)
Hepatitis C (%)

Drug
Conservation Viral Suppression
Group Group All
(N=2720) (N=2752) (N=5472)

4.4 4.8 4.6
69.5 67.7 68.6
64.7 63.9 64.3
84.3 83.6 83.9

6 6 6
3-8
45.1 45.2 45.2
50.0 47.9 49.0
6.3 5.3 5.8
10.3 9.9 10.0
7.4 7.7 7.5
6.5 7.1 6.8
4.6 3.9 43
24.7 23.1 23.9
2.4 2.2 2.3
15.3 14.4 14.8

b

None of the characteristics differed significantly between treatment groups. To convert values for cholesterol to milli-

moles per liter, multiply by 0.02586. Percentages may not total 100 because of rounding. ART denotes antiretroviral
therapy, Pl protease inhibitor, and NNRTI nonnucleoside reverse-transcriptase inhibitor.

i Race was self-reported.

one mode.

i Mode of infection was self-reported. Percentages do not total 100 because some participants reported more than

ment indicator and the log-transformed follow-up
time.2®

The primary end point was summarized for
selected subgroups that were predefined accord-
ing to baseline characteristics. The heterogeneity
of hazard ratio estimates for subgroups was as-
sessed by including an interaction term between
treatment and subgroup in expanded Cox models.

Cox proportional-hazards models were used to
assess the effects of CD4+ counts and HIV RNA
levels as time-dependent covariates during follow-
up on the hazard ratios for opportunistic disease
or death from any cause. Statistical analyses were
performed with the use of SAS software, version
8.2. All reported P values are two-sided and have
not been adjusted for multiple examinations of
the data.

RESULTS

BASELINE CHARACTERISTICS

Between January 8, 2002, and January 11, 2006,
5472 participants were randomly assigned to treat-
ment groups (2720 to the drug conservation group
and 2752 to the viral suppression group). Partici-
pants were enrolled at 318 sites in 33 countries.
Table 1 summarizes key baseline characteristics.
The treatment groups were well balanced at entry.

FOLLOW-UP
Total follow-up time was approximately 3700
person-years in each group, with a mean follow-
up time of 16 months. Approximately 26% of par-
ticipants were followed for more than 2 years.
Participants attended 96.5% of follow-up visits in
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the drug conservation group and 94.8% of follow-
up visits in the viral suppression group. On Janu-
ary 11, 2006, the status with regard to the pri-
mary end point was unknown for 32 participants
(1.2%) in the drug conservation group and 41
participants (1.5%) in the viral suppression group
(Fig. I in the Supplementary Appendix).

USE OF ANTIRETROVIRAL THERAPY AND CHANGES
IN CD4+ AND HIV RNA LEVELS

After randomization, the median duration of the
first period of interruption of antiretroviral ther-
apy for participants in the drug conservation group
was 16.8 months (interquartile range, 5.7 to 42.3)
(Fig. IIA in the Supplementary Appendix shows
the percentage of participants who received anti-
retroviral therapy through follow-up). A total of
343 participants stopped antiretroviral therapy a
second time, and 62 participants stopped three
or more times. The average CD4+ count decreased
by 87 cells per cubic millimeter per month during
the first 2 months after randomization among
participants in the drug conservation group (Fig.
IIB in the Supplementary Appendix); thereafter,
it continued to decline but at a lower rate. On aver-
age, throughout follow-up, the CD4+ count was
206 cells per cubic millimeter lower in the drug
conservation group than in the viral suppression

group. HIV RNA levels also changed rapidly in the
drug conservation group after randomization:
within 2 months, the percentage of participants
with HIV RNA levels of 400 copies per milliliter
or less decreased from 71.8% to 6.0% (Fig. IIC in
the Supplementary Appendix). After reinitiation
of antiretroviral therapy in the drug conservation
group, the median time to an HIV RNA level of
400 copies per milliliter or less was 3.1 months
(Fig. IIIA in the Supplementary Appendix); the
CD4+ count increased by an average of 166 cells
per cubic millimeter within 8 months (Fig. IIIB
in the Supplementary Appendix).

On average, participants in the drug conser-
vation group and the viral suppression group re-
ceived antiretroviral therapy during 33.4% and
93.7% of the follow-up time, respectively. Partici-
pants in both groups had CD4+ counts of 350
cells per cubic millimeter or more during the ma-
jority of the follow-up time (67.9% of the time in
the drug conservation group and 92.7% of the
time in the viral suppression group) (Fig. 1). Par-
ticipants in the drug conservation group had
CD4+ counts of less than 250 cells per cubic mil-
limeter during 8.6% of the follow-up time, as
compared with 1.8% of the time in the viral sup-
pression group. The percentage of follow-up time
during which participants had HIV RNA levels

A Drug Conservation Group
CD4+ Count (cells/mm?3)
I <250 [ 250-349 [ 350-499 [] =500
60

50
40+
30

20

Percentage of Follow-up Time

10

<400 >400
HIV RNA Level (copies/ml)

B Viral Suppression Group
CD4+ Count (cells/mm?3)
W <250 [ 250-349 [0 350-499 [] =500
60

50
40
30

20

Percentage of Follow-up Time

104

=400 >400
HIV RNA Level (copies/ml)

Figure 1. Percentage of Follow-up Time during Which Participants Had a Specified CD4+ Count and HIV RNA Level.

For 28.8% of the 3666 person-years of follow-up in the drug conservation group (Panel A), the HIV RNA level was
400 copies per milliliter or less. Patients received antiretroviral therapy during 33% of the follow-up time. For 72.3%
of the 3701 person-years of follow-up in the viral suppression group (Panel B), the HIV RNA level was 400 copies
per milliliter or less. Patients received antiretroviral therapy during 94% of the follow-up time.
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of 400 copies per milliliter or less was substan-
tially greater in the viral suppression group than
in the drug conservation group (72.3% and 28.8%,
respectively).

PRIMARY END POINT AND ITS COMPONENTS
There were 120 participants in the drug conserva-
tion group and 47 in the viral suppression group
who had an opportunistic disease or died from
any cause (Table 2). The cumulative probabilities
of opportunistic disease or death from any cause
after 12, 24, and 36 months were 0.030, 0.067, and
0.091 in the drug conservation group and 0.010,
0.021, and 0.042 in the viral suppression group,
respectively (Fig. 2A).

The estimated hazard ratio for opportunistic
disease or death from any cause was 2.6 (95%
confidence interval [CI], 1.9 to 3.7; P<0.001)
(Table 2 and Fig. 2A), and it did not vary signifi-
cantly over the follow-up period (P=0.78 for pro-
portional hazards). Among patients in the drug
conservation group who reached the primary end
point, death from any cause was the most com-
mon individual event (39.2%), followed by esoph-
ageal candidiasis (20.0%) and pneumonia from

Pneumocystis jiroveci infection (6.7%). Among pa-
tients in the viral suppression group who reached
the primary end point, the most common event
was death from any cause (57.4%), followed by
esophageal candidiasis (14.9%) (Table I in the
Supplementary Appendix).

The estimated hazard ratio for serious oppor-
tunistic disease, a component of the primary end
point, was 6.6 (95% CI, 1.5 to 29.1; P=0.01); the
hazard ratio for nonserious events associated with
opportunistic disease was 3.6 (95% CI, 2.1 to 6.1;
P<0.001); and the hazard ratio for death from any
cause was 1.8 (95% CI, 1.2 to 2.9; P=0.007) (Ta-
ble 2 and Fig. 2B).

Only 8% of deaths were due to opportunistic
disease. The most common underlying causes of
death were cancers other than those considered
to be opportunistic disease (in 11 participants in
the drug conservation group and 5 participants in
the viral suppression group); cardiovascular dis-
ease (7 participants and 4 participants, respec-
tively); substance abuse (3 participants and 5 par-
ticipants, respectively); accident, violence, or suicide
(3 participants and 4 participants, respectively);
and infection other than that considered to be

Table 2. Primary and Major Secondary End Points.*
Hazard Ratio for
Drug Conservation
Group vs. Viral
Drug Conservation Group Viral Suppression Group Suppression Group
End Point (N=2720) (N=2752) (95% CI)
No. of Participants Event Rate No. of Participants Event Rate
with Event (per 100 Person-Yr) with Event (per 100 Person-Yr)

Primary end point 120 3.3 47 1.3 2.6 (1.9-3.7)
Death from any cause 55 1.5 30 0.8 1.8 (1.2-2.9)
Opportunistic disease

Serious 13 0.4 2 0.1 6.6 (1.5-29.1)
Nonserious 63 1.7 18 0.5 3.6 (2.1-6.1)

Major cardiovascular, renal, 65 1.8 39 1.1 1.7 (1.1-2.5)

or hepatic disease

Fatal or nonfatal cardio- 48 13 31 0.8 1.6 (1.0-2.5)
vascular disease

Fatal or nonfatal renal 9 0.2 2 0.1 4.5 (1.0-20.9)
disease

Fatal or nonfatal liver 10 0.3 7 0.2 1.4 (0.6-3.8)
disease

Grade 4 event 173 5.0 148 4.2 1.2 (1.0-1.5)

Grade 4 event or death from 205 5.9 164 4.7 1.3 (1.0-1.6)

any cause

P Value

<0.001
0.007

0.01
<0.001
0.009

0.05

0.05

0.46

0.13
0.03

* Numbers of individual events of each type do not sum to the total number because some participants had more than one event. End-point
definitions are listed in the Supplementary Appendix. Grade 4 events were determined on the basis of toxicity grades developed by the
Division of AIDS of the NIAID. Cl denotes confidence interval.
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an opportunistic disease (3 participants and 1 par-
ticipant, respectively). For 18 participants who
died (15 in the drug conservation group and 3 in
the viral suppression group), the underlying cause
of death could not be determined (Table II in the
Supplementary Appendix).

We examined the robustness of the primary
end-point findings by considering three addition-
al outcomes: opportunistic diseases (restricted to
those that were new [nonrecurrent]) or death from
any cause; fatal and nonfatal cases of opportu-
nistic disease (excluding deaths from causes other
than opportunistic disease); and all reported cases
of opportunistic diseases and deaths irrespective
of the classification after review by the end-point
review committee. The estimated hazard ratios
for these three outcomes in the drug conservation
group versus the viral suppression group were
2.6 (95% CI, 1.8 to 3.7; P<0.001), 3.6 (95% CI,
2.2 to 5.9; P<0.001), and 2.5 (95% CI, 1.9 to 3.3;
P<0.001), respectively.

MAJOR CARDIOVASCULAR, RENAL,
AND HEPATIC DISEASE

Among the participants in the drug conservation
group, 65 had at least one episode of major car-
diovascular, renal, or hepatic disease, as did 39
participants in the viral suppression group (haz-
ard ratio, 1.7; 95% CI, 1.1 to 2.5; P=0.009) (Table
2 and Fig. 2C). Estimated hazard ratios for each
type of disease were all greater than 1.0, favoring
the viral suppression group.

GRADE 4 EVENTS
Grade 4 adverse symptomatic events occurred in
173 participants in the drug conservation group
and 148 participants in the viral suppression group
(hazard ratio, 1.2; 95% CI, 1.0 to 1.5; P=0.13)
(Table 2 and Fig. 2D, and Table III in the Supple-
mentary Appendix). The hazard ratio for the com-
posite outcome of a grade 4 event or death from
any cause was 1.3 (95% CI, 1.0 to 1.6; P=0.03).

PRIMARY END POINT ACCORDING TO SUBGROUP
Estimated hazard ratios varied significantly ac-
cording to race, baseline HIV RNA level, and
baseline CD4+ cell count (Fig. 3). Among partici-
pants who were receiving antiretroviral therapy
at baseline, for those with an HIV RNA level of
400 copies per milliliter or less at baseline, the
hazard ratio for opportunistic disease or death
from any cause was 4.0, whereas those with levels

Figure 2 (facing page). Cumulative Probability of the
Primary End Point (Panel A); Death from Any Cause
(Panel B); Major Cardiovascular, Renal, or Hepatic
Disease (Panel C); and Grade 4 Adverse Events (Panel D).
Grade 4 adverse events were determined on the basis
of toxicity grades developed by the Division of AIDS of
the NIAID. End-point definitions are listed in the Sup-
plementary Appendix.

of more than 400 copies per milliliter had a haz-
ard ratio of 1.2 (P<0.001). This significant differ-
ence was due to different rates of opportunistic
disease or death from any cause in the viral sup-
pression group between the subgroups with HIV
RNA levels of 400 copies per milliliter or less and
those with HIV RNA levels of more than 400 cop-
ies per milliliter (0.8 and 2.6 events per 100 person-
years, respectively), in contrast to similar rates for
those subgroups in the drug conservation group
(3.2 and 3.1, respectively).

ADJUSTMENT FOR LATEST CD4+ COUNT

AND HIV RNA LEVEL

Proportional-hazards models were used to assess
the effects of time-dependent covariates corre-
sponding to the latest CD4+ counts and latest HIV
RNA levels, considered separately and together,
on the hazard ratio (Fig. 4). The hazard ratio for
opportunistic disease or death from any cause
was reduced from 2.6 to 1.7 (95% CI, 1.2 to 2.5)
after adjustment for the latest CD4+ count; it was
further reduced to 1.5 (95% CI, 1.0 to 2.1) after
adjustment for both the latest HIV RNA level and
the latest CD4+ count. Adjusted for both the lat-
est HIV RNA level and the latest CD4+ count, the
hazard ratios for opportunistic disease and for
death from causes other than opportunistic dis-
ease were 1.7 (95% CI, 1.0 to 2.9) and 1.2 (95% CI,
0.7 to 2.2), respectively; unadjusted, these hazard
ratios were 3.6 (95% CI, 2.2 to 5.9) for opportu-
nistic disease and 1.8 (95% CI, 1.1 to 2.9) for
death from causes other than opportunistic dis-
ease, respectively.

DISCUSSION

Our data demonstrate that continuous use of anti-
retroviral therapy is superior to its episodic use
as guided by the CD4+ count, with antiretroviral
therapy deferred until the CD4+ count is less than
250 cells per cubic millimeter. The superiority of
the viral suppression strategy, designed to achieve
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Drug Viral P Value for
Subgroup Conservation Suppression Hazard Ratio with 95% Cl Hazard Ratio Interaction
No. of participants with events
(rate per 100 person-yr)
Age ; 0.67
<45 yr 47 (2.3 19 ( —— 2.5
>45 yr 73 (4.7 28 (L7 —— 2.7
Sex 1 0.44
Male 86 (3.1 34 ( —— 25
Female 34 (4.0 13 —— 31
Race ' 0.02
Black 55 (4.5) 17 ( R 3.7
Other 65 (2.8) 30 —— 2.1
Baseline HIV RNA level E <0.001
<400 copies/ml 72 18 (0.8 —— 4.0
>400 copies/ml 22 19 (2.6 —r— 1.2
Baseline CD4+ count ! 0.02
350-449 cells/mm? 24 (3.2) 18 (2.2) 4 15
450-549 cells/mm3 27 (3.7) 7 (0.9) —_ 41
550649 cells/mm3 19 (3.5) 7 (1.3) —_— 2.8
2650 cells/mm3 50 (3.2) 15 (1.0) —— 32
Nadir CD4+ count 1 0.57
<50 cells/mm?3 13 (3.8) 6 (1.6) ——oi— 23
50-99 cells/mm3 7(2.9) 2 (0.8) ——) 3.4
100-199 cells/mm?3 24 (3.5) 11 (1.8) —— 20
200-299 cells/mm3 30 (3.6) 11 (1.2) e — 3.1
300-399 cells/mm? 30 (4.1) 11 (L.5) — 26
2400 cells/mm? 16 (2.1) 6 (0.8) —:0— 2.7
Duration of ART ! 0.16
0to<3yr 23 (2.8) 7(0.8) —— 36
3to <5 yr 30 (2.7) 3 (1.1) —_— 35
5to<7yr 27 (3.1) 15 (1.7) T 1.8
>7yr 40 (3.6) 17 (1.5) —— 25
History of ART at baseline ] 0.56
Never received ART 4(2.7) —t——+> 5.2
Previous use of ART but no use 22 (4 — 2.6
at baseline "
Use of ART at baseline 41 (2.6) 1 E
1 or 2 Classes 53 (3.9) 1 —— 2.2
3 Classes —i—.— 2.9
0!1 1.0 1I0

Drug Conservation Viral Suppression
Better

Better

was self-reported.

Figure 3. Hazard Ratios for Opportunistic Disease or Death from Any Cause.

The dashed line represents the overall hazard ratio (drug conservation group vs. viral suppression group) of 2.6. Horizontal lines indi-
cate 95% Cls. Subgroup data for HIV RNA levels were restricted to participants who were receiving antiretroviral therapy at baseline. Race

ART denotes antiretroviral therapy.

2292

maximal and continuous suppression of HIV rep-
lication with the use of antiretroviral therapy, was
evident with regard to the primary end point (op-
portunistic disease or death from any cause), as
well as death from any cause, serious opportunis-
tic disease, and an important secondary end point,
major cardiovascular, renal, or hepatic disease.
Interruption of antiretroviral therapy has been

N ENGL ) MED 355,22

WWW.NEJM.ORG

advocated as a treatment strategy to enhance the
quality of life, limit adverse events, and allow for
the emergence of the predominant wild-type
virus in patients infected with multidrug-resistant
HIV.2728 Two randomized studies have used high-
er CD4+ count thresholds than those used in our
study for the initiation of antiretroviral therapy,
but they involved only 69 patients?® and 74 pa-
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tients3*3! and were therefore too small to allow
for the reliable assessment of effects of treatment
interruption on clinical outcomes.

More recently, the findings of two other larger,
randomized trials were reported. In the Staccato
study, in which the primary end point was viro-
logic suppression and the amount of exposure to
antiretroviral drugs, 284 patients were randomly
assigned to receive antiretroviral therapy guided
by the CD4+ count (with therapy deferred until
the CD4+ count was less than 350 cells per cubic
millimeter and then used until the CD4+ count
was more than 350 cells per cubic millimeter) and
146 patients were randomly assigned to receive
continuous antiretroviral therapy.3? After approxi-
mately 2 years of follow-up, diarrhea and neuropa-
thy were more common among those receiving
continuous therapy, and oral and vaginal candi-
diasis were more common among those receiv-
ing episodic therapy. In the Trivacan study, 216
patients were randomly assigned to episodic ther-
apy with the same CD4+ count thresholds as those
in our study, and 110 patients were randomly as-
signed to continuous antiretroviral therapy.?> An
increased risk of bacterial infections and other
complications were noted in the episodic treat-
ment group.

When we began our study, data indicated that
the risk of AIDS was low among patients who
had never received antiretroviral therapy and
among those who had received it but who also
had CD4+ counts of more than 200 cells per
cubic millimeter.*#*® Consequently, we chose to
use a CD4+ count threshold of 250 cells per cubic
millimeter for initiation (or reinitiation) of anti-
retroviral therapy in the drug conservation group,
and CD4+ counts and symptoms were monitored
closely. Data also indicated that complications
and deaths among patients with higher CD4+
levels were largely due to grade 4 adverse events
and deaths from causes other than opportunistic
disease that were either associated with antiret-
roviral therapy or attributable to non-HIV causes.®
Thus, we expected the risk of death from causes
other than opportunistic disease to decrease with
the interruption of antiretroviral therapy, rather
than to increase.

In our study, deaths represented a large per-
centage of the primary events (44.3%) and, as in
other reports, deaths from causes other than op-
portunistic disease were common.®343¢ The ex-
cess of deaths from causes other than opportu-
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® Unadjusted

B Adjusted for latest CD4+
count

(logarithmic scale)

1.04-—--—mmmmm -

Estimated Hazard Ratio

0.5-
Opportunistic disease
(fatal or nonfatal)

Opportunistic disease
or death from any cause

End Point

4 Adjusted for latest HIV RNA level

# Adjusted for latest CD4+ count
and HIV RNA level

Death from causes
other than oppor-
tunistic disease

denote the 95% Cls.

Figure 4. Estimated Unadjusted and Adjusted Hazard Ratios (Drug Conser-
vation Group vs. Viral Suppression Group) for Opportunistic Disease

or Death from Any Cause, Opportunistic Disease (Fatal or Nonfatal),

and Death from Causes Other Than Opportunistic Disease.

End-point definitions are listed in the Supplementary Appendix. I bars

nistic disease in the drug conservation group was
surprising. Furthermore, contrary to available data
and to the assumptions underlying our study de-
sign, participants in the drug conservation group
had a higher rate of major cardiovascular, renal,
or hepatic disease than did those in the viral sup-
pression group. On the basis of prior findings,
and as a consequence of less exposure to antiret-
roviral therapy in the drug conservation group,®-3?
we expected the rate of cardiovascular disease to
be 15% lower in the drug conservation group than
in the viral suppression group.

There were fewer occurrences of major hepatic
or renal disease than of cardiovascular disease
in our study, but hepatic or renal disease was still
more frequent in the drug conservation group
than in the viral suppression group. Some anti-
retroviral drugs have been associated with adverse
hepatic and renal events,”3%3° but recent find-
ings indicate that these events are also related to
the level of immunodeficiency*** and that anti-
retroviral therapy improves these outcomes either
directly by inhibiting viral replication or indirectly
by improving immune function.3® Our data sup-
port these findings. Adjustment for the latest
CD4+ count reduced the hazard ratio in the drug
conservation group versus the viral suppression

NOVEMBER 30, 2006
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group for death from causes other than oppor-
tunistic disease, confirming that immunosup-
pression increases the risk of death among pa-
tients with diseases not traditionally believed to
be opportunistic in nature. Much, but not all, of
the difference in the rates of opportunistic disease
or death from any cause between the drug con-
servation group and the viral suppression group
was explained by differences in the CD4+ count
and HIV RNA level during follow-up. The hazard
ratio for opportunistic disease or death from any
cause in the drug conservation group versus the
viral suppression group was reduced from 2.6 to
1.5 after adjustment for the latest CD4+ count
and the latest HIV RNA level. The reasons for
the remaining excess risk are not clear.

Although our findings indicate that the inter-
ruption of antiretroviral therapy with the use of
higher CD4+ count thresholds than those used
in our study may result in lower risks of opportu-
nistic disease or death from any cause, the lack
of benefit of our interruption strategy on major
adverse events associated with antiretroviral ther-
apy suggests that such strategies should be viewed
as carrying a net clinical risk unless proven other-
wise in appropriately powered studies.

In summary, our findings provide clear and
compelling evidence that the episodic antiretro-
viral strategy, guided by the CD4+ count, used in
the SMART study is deleterious. Our results indi-
cate that some of the excess risk of opportunis-

tic disease or death from any cause in the drug
conservation group appears to be attributable to
the longer period during which participants had
reduced CD4+ counts. Further research is needed
to evaluate the effect of interrupting antiretrovi-
ral therapy on immune function, inflammation,

and other markers.

Supported by grants from the NIAID (U01AI042170 and
U01AI46362).

Dr. Lundgren reports receiving consulting fees, advisory fees,
or lecture fees from Abbott, GlaxoSmithKline, Boehringer Ingel-
heim, Tibotec, Merck, Pfizer, Roche, and Bristol-Myers Squibb;
Dr. Arduino, grant support from Pfizer and Theratechnologies;
Dr. Babiker, grant support from GlaxoSmithKline; Dr. Clumeck,
grant support from Gilead Sciences, Tibotec, and Abbott; Dr.
Cohen, consulting fees or honoraria from GlaxoSmithKline,
Bristol-Myers Squibb, Gilead Sciences, Abbott, Roche, Tibotec,
Boehringer Ingelheim, and Pfizer; Dr. Cohn, grant support from
GlaxoSmithKline; Dr. Cooper, advisory fees, consulting fees,
honoraria, and grant support from GlaxoSmithKline, Bristol-
Myers Squibb, Roche, Merck Sharp & Dohme, Abbott, Boehringer
Ingelheim, Johnson & Johnson, and Gilead Sciences; Dr. Emery,
grant support or honoraria from Abbott, Bristol-Myers Squibb,
Boehringer Ingelheim, Gilead Sciences, GlaxoSmithKline, Merck
Sharp & Dohme, Roche, Virax Immunotherapeutics, and Chiron;
Dr. Fitkenheuer, advisory fees from GlaxoSmithKline, Gilead
Sciences, Abbott, and Bristol-Myers Squibb; Dr. Gazzard, con-
sulting fees or lecture fees from Boehringer Ingelheim, Gilead
Sciences, GlaxoSmithKline, and Pfizer; Dr. Hoy, consulting fees
from Janssen-Cilag, Boehringer Ingelheim, Roche, and Merck
Sharp & Dohme; Dr. Losso, research grants, educational grants,
consultation fees, or lecture fees from Tibotec, Roche, Boehring-
er Ingelheim, Agouron, Triangle, and Pfizer; Dr. Markowitz, con-
sulting fees, lecture fees, or advisory fees from Roche and Pfizer;
and Dr. Phillips, advisory fees from Boehringer Ingelheim and
Tibotec and research grants or consultation fees from Tibotec,
Janssen-Cilag, Abbott, GlaxoSmithKline, Bristol-Myers Squibb,
Boehringer Ingelheim, and Pfizer. No other potential conflict of
interest relevant to this article was reported.

APPENDIX
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loughby, A. Demers; Regional Coordinating Centers — Copenhagen — J.D. Lundgren, A. Phillips, U.B. Dragsted, K.B. Jensen, A. Fau, L.
Borup, M. Pearson, P.O. Jansson, B.G. Jensen, T.L. Benfield; London — J.H. Darbyshire, A.G. Babiker, A.J. Palfreeman, S.L. Fleck, Y.
Collaco-Moraes, B. Cordwell, W. Dodds, F. van Hooff, L. Wyzydrag; Sydney — D.A. Cooper, S. Emery, F.M. Drummond, S.A. Connor,
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Neaton, G. Bartsch, A. DuChene, M. George, B. Grund, M. Harrison, C. Hogan (deceased), E. Krum, G. Larson, C. Miller, R. Nelson,
J. Neuhaus, M.P. Roediger, T. Schultz, L. Thackeray; Electrocardiography Reading Center — R. Prineas, C. Campbell; End Point Review
Committee — G. Perez (cochair), A. Lifson (cochair), D. Duprez, J. Hoy, C. Lahart, D. Perlman, R. Price, R. Prineas, F. Rhame, J. Samp-
son, J. Worley; NIAID Data and Safety Monitoring Board — M. Rein (chair), R. DerSimonian (executive secretary), B.A. Brody, E.S. Daar,
N.N. Dubler, T.R. Fleming, D.J. Freeman, J.P. Kahn, K.M. Kim, G. Medoff, J.F. Modlin, R. Moellering, Jr., B.E. Murray, B. Pick, M.L.
Robb, D.O. Scharfstein, J. Sugarman, A. Tsiatis, C. Tuazon, L. Zoloth; NIAID — K. Klingman, S. Lehrman; SMART Clinical Site Inves-
tigators (numbers of enrolled patients are in parentheses) — Argentina (147) — J. Lazovski, W.H. Belloso, M.H. Losso, J.A. Benetucci, S.
Aquilia, V. Bittar, E.P. Bogdanowicz, P.E. Cahn, A.D. Casir6, L. Cassetti, .M. Contarelli, J.A. Corral, A. Crinejo, L. Daciuk, D.O. David,
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L. Ruggieri, E. Salazar, M. Sdnchez, C. Somenzini; Australia (170) — J.F. Hoy, G.D. Rogers, A.M. Allworth, J.S.C. Anderson, J. Armishaw,
K. Barnes, A. Carr, A. Chiam, J.C.P. Chuah, M.C. Curry, R.L. Dever, W.A. Donohue, N.C. Doong, D.E. Dwyer, J. Dyer, B. Eu, V.W.
Ferguson, M.A.H. French, R.J. Garsia, J. Gold, J.H. Hudson, S. Jeganathan, P. Konecny, J. Leung, C.L. McCormack, M. McMurchie, N.
Medland, R.J. Moore, M.B. Moussa, D. Orth, M. Piper, T. Read, J.J. Roney, N. Roth, D.R. Shaw, J. Silvers, D.J. Smith, A.C. Street, R.J.
Vale, N.A. Wendt, H. Wood, D.W. Youds, J. Zillman; Austria (16) — A. Rieger, V. Tozeau, A. Aichelburg, N. Vetter; Belgium (95) — N.
Clumeck, S. Dewit, A. de Roo, K. Kabeya, P. Leonard, L. Lynen, M. Moutschen, E. O’Doherty; Brazil (292) — L.C. Pereira, Jr., T.N.L.
Souza, M. Schechter, R. Zajdenverg, M.M.T.B. Almeida, F. Araujo, F. Bahia, C. Brites, M.M. Caseiro, J. Casseb, A. Etzel, G.G. Falco,
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Martel, C. Martel, N. McFarland, E. Paradis, A. Piche, R. Sandre, W. Schlech, S. Schmidt, F. Smaill, B. Thompson, S. Trottier, S. Vezina,
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Blanc, O. Bouchaud, A. Cabié, P. Chavannet, J.M. Chennebault, S. Dargere, X. de la Tribonniere, T. Debord, N. Decaux, J. Delgado, M.
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