
Major Clinical Outcomes in Antiretroviral Therapy
(ART)–Naive Participants and in Those Not
Receiving ART at Baseline in the SMART Study

The Strategies for Management of Antiretroviral Therapy (SMART) Study Groupa

(See the editorial commentary by Hughes and Ribaudo, on pages 1084 – 6.)

Background. The SMART study randomized 5472 human immunodeficiency virus (HIV)–infected patients with

CD4� cell counts �350 cells/�L to intermittent antiretroviral therapy (ART; the drug conservation [DC] group)

versus continuous ART (the viral supression [VS] group). In the DC group, participants started ART when the CD4�

cell count was �250 cells/�L. Clinical outcomes in participants not receiving ART at entry inform the early use of

ART.

Methods. Patients who were either ART naive (n � 249) or who had not been receiving ART for �6 months

(n � 228) were analyzed. The following clinical outcomes were assessed: (i) opportunistic disease (OD) or death

from any cause (OD/death); (ii) OD (fatal or nonfatal); (iii) serious non-AIDS events (cardiovascular, renal, and

hepatic disease plus non–AIDS-defining cancers) and non-OD deaths; and (iv) the composite of outcomes (ii) and

(iii).

Results. A total of 477 participants (228 in the DC group and 249 in the VS group) were followed (mean, 18

months). For outcome (iv), 21 and 6 events occurred in the DC (7 in ART-naive participants and 14 in those who had

not received ART for �6 months) and VS (2 in ART-naive participants and 4 in those who had not received ART for

�6 months) groups, respectively. Hazard ratios for DC vs. VS by outcome category were as follows: outcome (i), 3.47

(95% confidence interval [CI], 1.26 –9.56; P � .02); outcome (ii), 3.26 (95% CI, 1.04 –10.25; P � .04); outcome (iii),

7.02 (95% CI, 1.57–31.38; P � .01); and outcome (iv), 4.19 (95% CI, 1.69 –10.39; P � .002).

Conclusions. Initiation of ART at CD4� cell counts �350 cells/�L compared with �250 cells/�L may reduce

both OD and serious non-AIDS events. These findings require validation in a large, randomized clinical trial.

Trial registration. ClinicalTrials.gov identifier: NCT00027352.

The most recent randomized clinical trial that addressed

the question of when to start antiretroviral therapy

(ART) for the treatment of HIV disease was the Con-

corde study [1]. Since then, despite enormous advances

afforded through the development of antiretroviral

drugs and the use of combination regimens, there has

been no randomized study to address this critically im-

portant issue. The absence of randomized data in both

the developed and developing world has required anti-

retroviral treatment guidelines to rely on the interpreta-

tion of nonrandomized studies and expert opinions [2,

3]. Current recommendations for the initiation of ART

are conservative because of the uncertainty about the

risk-benefit ratio associated with earlier ART use at

higher CD4� cell counts. These include toxicities, cost-

effectiveness, quality of life issues, adherence, and drug

resistance. At present, the initiation of ART is recom-

mended for asymptomatic patients with CD4� cell

counts between 201 and 350 cells/�L or, in developing/

resource-poor countries, when the CD4� cell count has

declined to �200 cells/�L.

Received 8 June 2007; accepted 7 November 2007; electronically published 26

March 2008.

Financial support: SMART was supported by grants from the National Institute

of Allergy and Infectious Diseases (U01AI68641, U01AI042170, and U01AI46362).

The National Centre in HIV Epidemiology and Clinical Research is funded by the

Australian Federal Department of Health and Ageing and is affiliated through the

Faculty of Medicine with The University of New South Wales.
a Study group members (including the members of the Writing Group, who

authored this article), conflicts of interest, and the role of the funding source are

listed after the text.

Reprints or correspondence: Dr. Sean Emery, Therapeutic and Vaccine

Research Program, National Centre in HIV Epidemiology and Clinical Research,

University of New South Wales, 376 Victoria St., Sydney, NSW 2010, Australia

(semery@nchecr.unsw.edu.au)

The Journal of Infectious Diseases 2008; 197:1133– 44

© 2008 by the Infectious Diseases Society of America. All rights reserved.

0022-1899/2008/19708-0010$15.00

DOI: 10.1086/586713

M A J O R A R T I C L E

Outcomes in SMART Patients Not Receiving ART ● JID 2008:197 (15 April) ● 1133

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

rtic
le

/1
9
7
/8

/1
1
3
3
/9

0
2
7
7
2
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



Data from cohort studies indicate that the risk of AIDS de-

creases with increasing CD4� cell counts but nevertheless per-

sists at CD4� cell counts �500 cells/�L [4]. Furthermore, at any

given CD4� cell count, the risk of AIDS appears to be lower in

patients treated with ART than in those who are not [5], and the

risk of AIDS or death declines with the start of therapy, even

among those with high CD4� cell counts at initiation, compared

with that in patients not receiving ART [6, 7]. Importantly, co-

hort studies also indicate that risks of serious non–AIDS-related

diseases, including cardiovascular, renal, and hepatic conditions

and non-AIDS malignancies, are less common at higher CD4�

cell counts [8 –13]. Data from the SMART study are consistent

with these observations insofar as the rates of AIDS and serious

non-AIDS events were significantly higher in participants ran-

domized to the intermittent ART group than in those random-

ized to the continuous ART group [14].

Here, we report the major clinical outcomes for a subgroup of

participants enrolled in SMART who were either ART naive or

who had not been receiving ART for �6 months before random-

ization. This subgroup provides a randomized comparison be-

tween early ART at a CD4� cell count of �350 cells/�L versus

deferred ART until the CD4� count declines to �250 cells/�L.

Subgroup analyses for major clinical outcome according to ART

history were proposed a priori. However, the analyses presented

here are post hoc. Thus, we regard our results as hypothesis

generating.

METHODS

Participants. Participants were included if they were random-

ized in the SMART study and were either ART naive or satisfied

the following eligibility criteria for having been previously

treated but not receiving ART for a minimum of 6 months be-

fore randomization (hereafter, “not receiving ART”): (1) were

not receiving ART at the time of randomization in SMART; (2)

had at least 1 plasma HIV RNA assessment during the 6 months

before randomization; and (3) all plasma HIV RNA levels in the

6 months before randomization were �10,000 copies/mL. We

excluded patients who had not been receiving ART for �6

months before randomization to avoid the possible short-term

effects of ceasing ART (e.g., the steeper decline in CD4� cell

count). The principal eligibility criterion for the SMART study

was a CD4� cell count of �350 cells/�L. Other eligibility criteria

for SMART are described elsewhere [14].

Randomization. Participants were randomly allocated in

equal proportions to 1 of 2 treatment strategies: continuous ART

(the viral supression [VS] group) and intermittent ART (the

drug conservation [DC] group). For the present analyses, this

randomization corresponded to the immediate (re)initiation of

ART after randomization at CD4� cell counts �350 cells/�L

(the VS group) versus the deferred (re)initiation of ART when

either the CD4� cell count declined to �250 cells/�L, the CD4�

cell percentage declined to �15%, or symptoms of HIV disease

developed (the DC group).

Assessments. Before randomization, participants’ ART and

medical history were obtained along with nadir and baseline

CD4� cell counts and plasma HIV RNA levels. Routine visits

occurred at 1 and 2 months, every 2 months thereafter for the

first year, and every 4 months in subsequent years. Visits in-

cluded clinical assessments, and samples were obtained for mea-

surement of CD4� cell count and plasma HIV RNA level. At

baseline and annually, a 12-lead electrocardiogram was ob-

tained, and data were electronically transmitted to a central

reading facility for assessment of silent myocardial infarc-

tion [15].

End-point definitions. Definitions for the primary end

point of opportunistic disease (OD) or death from any cause

(OD/death) and the major secondary composite end point of

cardiovascular-, renal-, and hepatic-disease events are given in

the online-only appendix of the primary-results article [14]. In

the present report, 4 major clinical outcomes are considered: (i)

the SMART primary end point (OD/death); (ii) OD (fatal or

nonfatal); (iii) serious non-AIDS events (cardiovascular, renal,

and hepatic disease plus non–AIDS-defining cancers [excluding

nonmelanoma skin cancers] and deaths from non-OD causes);

and (iv) the composite of outcomes (ii) and (iii). In the end-

point categories (ii) and (iii), deaths due to OD and all causes

except OD are counted. Thus, the composite of (ii) and (iii) can

be viewed as major morbidity (OD and non-OD) or all-cause

mortality. As previously reported, an end-point review commit-

tee, blinded to treatment group, reviewed all major nonfatal

clinical events [14]. The end-point review committee also clas-

sified the underlying cause of death using the system of the Cod-

ing of Death in HIV Project [16]. Grade 4 adverse events were

defined as potentially life-threatening symptomatic events ac-

cording to the Division of AIDS common toxicity table.

Statistical analysis. All analyses were intention to treat.

Data through 11 January 2006 were reported. On that date, fol-

lowing the recommendations of an independent data and safety

monitoring board, all participants in the DC group were advised

to (re)initiate ART. Thus, time-to-event analyses are censored at

the earliest of the date of death, the lost to follow-up date, or 11

January 2006.

The time from randomization to first event was compared

between the DC and VS groups by use of Kaplan-Meier plots for

each event category. For patients reporting multiple events in a

single outcome category, only the first event was included. For

patients reporting multiple events in different outcome catego-

ries, each first event in each category was included. The hazard

ratio for DC vs. VS— hereafter, HR(DC/VS)—was estimated by

fitting a Cox model with a single binary indicator for treatment

group overall and separately in ART-naive and ART-

experienced participants. Differences between these 2 groups

were assessed by including an interaction term in the Cox model.
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Randomization protects these comparisons between treatment

groups from confounding.

Person-years at specific CD4� cell counts were counted ac-

cording to the most recently measured or time-updated value

(latest CD4� cell count), and rates per 100 person-years for the

composite outcome were determined for DC and VS partici-

pants. Randomization does not protect these comparisons be-

tween treatment groups from confounding.

Throughout, P values refer to 2-sided tests. Because the sub-

group and the serious non-AIDS outcomes considered in this

report were not prespecified, we recommend cautious interpre-

tation of P values.

RESULTS

Patient population. A total of 477 participants (8.7%) in the

SMART study were either ART naive (n � 249) or had not been

receiving ART for �6 months before randomization (n � 228)

and are included in these analyses. The relationship of these par-

ticipants to the total SMART cohort is summarized in figure 1.

Table 1 shows the baseline characteristics of the 228 and 249

participants who were respectively randomized into the DC and

VS groups. Treatment groups were well balanced for all baseline

characteristics. One-hundred eighteen participants (52%) and

131 participants (53%) were ART naive in the DC and VS

groups, respectively. The median baseline CD4� cell count and

plasma HIV RNA level for the cohort were 447 cells/�L and 4.5

log10 copies/mL. The median nadir CD4� cell count was 361

cells/�L.

The median duration of ART exposure in previously treated

participants was 4 years. Approximately 75% had used an HIV

protease inhibitor (PI), for a median duration of 2.5 years.

Approximately 50% had used a nonnucleoside reverse-

transcriptase inhibitor (NNRTI), for a median duration of 2.5

years. All previously treated participants had used a nucleoside

reverse-transcriptase inhibitor (NRTI).

In the VS group, (re)initiation of ART comprising NRTIs in

combination with NNRTIs, NRTIs in combination with a PI,

and NRTIs alone was reported for 134 (56%), 73 (31%), and 31

(13%) participants, respectively.

There were modest differences in baseline characteristics be-

tween participants who were ART naive and those who were

experienced. ART-naive participants were on average 3 years

younger, less likely to be current smokers, less likely to be taking

blood-pressure-lowering or lipid-lowering therapy, and had

slightly lower serum triglyceride levels. They were also less likely

to be coinfected with either hepatitis B or C virus and less likely

to have had a prior AIDS-defining illness.

The mean period of follow-up was 18 months (median, 15

months). Eleven (4 DC and 7 VS) participants were lost to

follow-up.

Exposure to ART. DC and VS participants received ART for

18% and 89% of the follow-up time, respectively. In the DC

group, 68 participants (30%) (re)initiated ART, 25 of whom

were ART naive (21% of the ART-naive participants) and 43 of

whom were ART experienced (39% of the ART-experienced

participants). Reasons for (re)initiation of ART included CD4�

cell count decline to �250 cells/�L (38 participants [56% of

those who (re)initiated ART]); CD4� cell percentage decline to

�15% (28 participants [41%]); symptoms of HIV disease or

development of OD (14 participants [21%]), with 4 participants

developing an OD event; and nonprotocol reasons (14 partici-

pants [21%]). Of these 68 participants, 30 (44%) initiated ART

at a CD4� cell count �250 cells/�L. Kaplan-Meier estimates for

DC participants (re)initiating ART were 11%, 25%, 39%, 45%,

47%, and 55% at 6, 12, 18, 24, 30, and 36 months, respectively. In

the DC group, participants (re)initiated ART at a median CD4�

cell count of 236 cells/�L (interquartile range [IQR], 183–310

cells/�L); those who were ART naive initiated ART at median of

245 cells/�L (IQR, 192–338 cells/�L), versus 225 cells/�L (IQR,

180 –307 cells/�L) among ART-experienced participants. In

comparison, 238 participants (96%) in the VS group (re)initi-

ated ART at study entry, at a CD4� cell count �200 cells/�L

higher; 189 (79%) had a CD4� cell count between 350 and 549

cells/�L, and 49 (21%) had a CD4� cell count �550 cells/�L.

In the DC group, 68 (30%) of 228 participants started ART,

and 27 (12%) subsequently interrupted ART. The majority of

Figure 1. Selection of the analyzed cohort (antiretroviral therapy [ART]

naive or not receiving ART for �6 months) from the overall population of

SMART participants. DC, drug conservation; VS, viral supression.
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follow-up time was accrued before the first (re)initiation of

ART: 236 person-years (79%) accrued from study entry to first

(re)initiation of ART, 39 person-years (13%) from (re)initiation

of ART to discontinuation, and 25 person-years (8%) after dis-

continuation of ART. During this 8% of follow-up time, 3 par-

ticipants in the DC group experienced an OD event, a serious

non-AIDS event, or died.

CD4� cell count and plasma HIV RNA outcomes. Reflecting

the differing ART exposures, there were substantial differences in

CD4� cell counts and plasma HIV RNA levels over time between

the DC and VS groups. Figure 2 shows time curves for CD4� cell

count and plasma HIV RNA level for each treatment group. The

CD4� cell count was, on average, 148 cells/�L lower in DC than VS

participants. The proportions of participants with plasma HIV

Table 1. Overall baseline characteristics and those for patients who were antiretroviral therapy (ART) naive or who had not received

ART for �6 months (no ART) before randomization in the SMART study.

Characteristic

DC group (n � 228) VS group (n � 249) Total (n � 477)

ART naive

(n � 118)

No ART

(n � 110) Overall

ART naive

(n � 131)

No ART

(n � 118) Overall

ART naive

(n � 249)

No ART

(n � 228)

Overall

(IQR)

Age, median, years 40 41 41 39 43 41 39 42 41 (35–47)

Female 20.3 22.7 21.5 27.5 32.2 29.7 24.1 27.6 25.8

Race/ethnicity

Black 32.2 39.1 35.5 35.9 39.0 37.3 34.1 39.0 36.4

White 54.2 48.2 51.3 45.8 48.3 47.0 49.8 48.3 49.1

Other 13.6 12.7 13.2 18.3 12.7 15.7 16.1 12.7 14.5

Mode of infection

Same sex contact 55.1 53.6 54.4 48.1 53.4 50.6 51.4 53.5 52.4

Opposite sex contact 44.9 45.5 45.2 52.7 42.4 47.8 49.0 43.9 46.5

Injection drug use 6.8 18.2 12.3 7.6 11.9 9.6 7.2 14.9 10.9

Other or unknown 6.8 7.3 7.0 12.2 11.0 11.6 9.6 9.2 9.4

Body mass

Weight, median, kg 76.7 73.9 75.3 76.7 78.0 77.1 76.7 75.5 76.2 (67.5–87.6)

BMI, median 25.1 24.8 24.9 25.6 25.8 25.8 25.2 25.4 25.3 (22.7–28.8)

CD4� cell count, median,

cells/�L

Nadir 371 339 358 378 347 365 376 341 361 (300–422)

Baseline 441 458 452 432 447 435 437 452 447 (385–536)

Baseline plasma HIV RNA

level, median, log10

copies/mL 4.6 4.7 4.6 4.3 4.6 4.5 4.4 4.6 4.5 (4.1–4.9)

Prior AIDS 5.9 14.5 10.1 7.6 16.1 11.6 6.8 15.4 10.9

Current smoker 44.9 51.8 48.2 42.7 50.0 46.2 43.8 50.9 47.2

Diabetes 5.9 6.4 6.1 3.8 5.9 4.8 4.8 6.1 5.5

Prior cardiovascular disease 2.5 0.9 1.8 1.5 4.2 2.8 2.0 2.6 2.3

Blood-pressure-lowering

drugs 7.6 20.9 14.0 16.8 17.8 17.3 12.4 19.3 15.7

Lipid-lowering drugs 5.9 6.4 6.1 3.8 7.6 5.6 4.8 7.0 5.9

Lipid levels, median, mg/dL

Total cholesterol 163 163 163 164 171 166 164 164 164 (142–193)

HDL cholesterol 35 36 36 38 33 36 36 35 36 (29–45)

LDL cholesterol 98 94 96 100 99 100 99 96 97 (78–123)

Triglyceride 120 126 124 121 144 132 121 135 128 (87–192)

ART history

ART naive 100.0 0.0 51.8 100.0 0.0 52.6 100.0 0.0 52.2

PI experienced 0.0 75.5 36.4 0.0 69.5 32.9 0.0 72.4 34.6

NNRTI experienced 0.0 47.3 22.8 0.0 55.9 26.5 0.0 51.8 24.7

Coinfection

Hepatitis B virus 0.9 4.6 2.7 1.6 5.2 3.3 1.2 4.9 3.0

Hepatitis C virus 8.5 24.5 16.2 13.0 16.9 14.9 10.8 20.6 15.5

NOTE. Data are percentage of participants, unless otherwise indicated. BMI, body mass index; DC, drug conservation; HDL, high-density lipoprotein; IQR,

interquartile range; LDL, low-density lipoprotein; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI, protease inhibitor; VS, viral supression.

1136 ● JID 2008:197 (15 April) ● The SMART Study Group

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

rtic
le

/1
9
7
/8

/1
1
3
3
/9

0
2
7
7
2
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



RNA levels �400 copies/mL at 12 and 24 months were 10% and

25% in the DC group and 59% and 56% in the VS group.

Clinical outcomes. Fifteen participants in the DC group

and 5 in the VS group experienced OD/death (HR, 3.5 [95%

confidence interval {CI}, 1.3–9.6) (figures 3 and 4A). The corre-

sponding HR(DC/VS) for OD and for serious non-AIDS events

was 3.3 (95% CI, 1.0 –10.3) and 7.0 (95% CI, 1.6 –31.4), respec-

tively (figures 3, 4B, and 4C). There was relatively little overlap in

Figure 2. Mean change from baseline CD4� cell count (A) and percentage of patients with plasma HIV RNA levels �400 copies/mL (B) during

follow-up. The solid red lines indicate participants in the drug conservation (DC) group, and the dashed blue lines indicate participants in the viral

supression (VS) group. Vertical bars represent � 2 standard errors.

Figure 3. Hazard ratios (HRs) for clinical outcomes among the overall cohort and among those who were either antiretroviral therapy (ART) naive

or not receiving ART at baseline. Horizontal lines represent the 95% confidence interval for each HR. The P value for interaction compares event rates

within each category for ART-naive and ART-experienced participants. DC, drug conservation; VS, viral supression.
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OD and serious non-AIDS events (table 2); 21 participants in the

DC group and 6 in the VS group experienced at least 1 of these

(the composite end point) (figures 3 and 4D). The HR for the

composite outcome was 4.2 (95% CI, 1.7–10.4). The excess risk

(DC minus VS) was 5.4 events/100 person-years (95% CI, 3.4 –

7.4). The cumulative percentage developing the composite

end point by 12, 24, and 36 months were 8%, 13%, and 18%

for DC participants and 2%, 4%, and 4% for VS participants

(figure 4D).

For the composite end point, HRs were 4.6 (95% CI, 1.0 –

22.2) for the ART-naive participants and 3.7 (95% CI, 1.2–11.2)

for the ART-experienced participants (P � .84 for difference in

these HRs). In participants excluded from this cohort (see figure

1), HRs for the composite end point were 1.3 (95% CI, 0.6 –3.2)

for experienced participants not receiving ART at entry (200 DC

and 199 VS participants) and 2.0 (95% CI, 1.5–2.6) for partici-

pants receiving ART at entry (2292 DC and 2304 VS partici-

pants) (P � .27 for the difference in HRs between these 4 sub-

groups). In the entire SMART study, there were 270 participants

with a composite end point (180 DC and 90 VS participants),

with a corresponding HR of 2.1 (95% CI, 1.6 –2.7).

Table 3 summarizes the composite outcome by treatment

group and proximal CD4� cell count. Event rates were higher

during the time when participants experienced lower CD4� cell

counts. Per design, participants in the DC group, relative to

those in the VS group, spent substantially longer periods of time

with CD4� cell counts in the �350 cells/�L stratum (28% vs.

11% of the time) and substantially less time with CD4� cell

counts in the �500 cells/�L stratum (32% vs. 61% of the time).

The majority of events in the DC group (57%) occurred at prox-

imal CD4� cell counts �350 cells/�L. Nine (75%) of 12 events in

the DC group (1 OD and 8 serious non-AIDS events) that oc-

curred at CD4� cell counts �350 cells/�L happened before the

(re)initiation of ART. Table 3 also summarizes the composite

outcome in the subgroup of participants without prior AIDS and

without a prior non–AIDS-defining illness, for which the

HR(DC/VS) was 6.0 (95% CI, 1.7–20.8) and 7.5 (95% CI, 2.2–

25.4), respectively. Although event rates were similar or reduced

compared with the overall cohort, the HR(DC/VS) did not de-

crease after excluding participants with these prior events.

We investigated whether differences in nadir CD4� cell

counts might have affected the distribution of clinical events.

The data in table 1 indicate that median nadir CD4� cell counts

were not substantially different for the ART-naive or previously

treated participants between treatment groups. The differences

between ART-experienced and ART-naive participants with re-

spect to median baseline CD4� cell count (437 and 376 cells/�L,

respectively) and median nadir CD4� cell count (452 and 341

cells/�L, respectively) participants were not appreciable. The

HR(DC/VS) for our primary outcome was unaffected in analy-

ses that did or did not adjust for nadir CD4� cell count (HR of

3.7 in both analyses).

Grade 4 events were experienced by 25 DC participants and 18

VS participants. The HR(DC/VS) was 1.6 (95% CI, 0.9 –3.0).

Figure 4. Kaplan-Meier time curves for cumulative probability of opportunistic disease (OD) and death (A), OD alone (B), serious non-AIDS events

and non-OD death (C), and the composite of OD and serious non-AIDS events, which includes all-cause death (D). The solid red lines indicate events

in participants in the drug conservation (DC) group, and the dashed blue lines indicate events in participants in the viral supression (VS) group.
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Table 2. Summary of clinical-event diagnoses in the SMART study, by event category and randomized treatment group.

Category,

treatment group,

patient Event diagnosis

ART

naive

Prior

AIDS

Baseline

CD4� cell

count, cells/�L

Most recent prior

CD4� cell

count,

cells/�L

Plasma HIV

RNA level,

copies/mL

OD

DC group

1 Herpes zoster Yes No 479 498 400

2 Herpes zoster Yes Yes 600 456 41,400

3 Oesophageal candidiasis Yes No 696 696 244,000

4 Oesophageal candidiasis No Yes 448 404 5210

5 Tuberculosis No No 393 221 534,279

6 Oesophageal candidiasis No Yes 387 342 41,846

7 Oesophageal candidiasis No No 408 254 34,700

7 Mycobacterium avium complex No No 408 338 130,000

7 Herpes simplex No No 408 48 17,600

7 Death due to OD No No 408 48 17,600

8 Kaposi sarcoma No No 368 288 750,000

9 Tuberculosis No No 458 337 720,000

10 Lymphoma No No 801 362 668,000

10 Death due to NHL No No 801 307 50

11 Pneumocystis jirovecii pneumonia No No 400 310 388,394

VS group

12 Tuberculosis Yes Yes 399 80 515,705

13 Death due to OD (bacterial pneumonia) No No 588 426 81,375

14 Oesophageal candidiasis No Yes 518 296 30,400

14 Bacterial pneumonia No Yes 518 533 90,700

15 Kaposi sarcoma No Yes 586 428 2228

Serious non-AIDS events

DC group

16 Hepatic cirrhosis Yes Yes 627 463 8800

17 End-stage renal disease Yes No 379 233 109,000

18 Death due to CVD Yes No 492 415 154,000

19 Myocardial infarction Yes No 390 330 4370

19 Coronary artery disease surgery Yes No 390 330 4370

20 Death due to CVD No Yes 376 248 265,100

21 Silent myocardial infarction No No 1271 1132 1140

5 Myocardial infarction No No 393 324 124,390

5 Silent myocardial infarction No No 393 212 401,672

5 Coronary artery disease surgery No No 393 212 401,672

6 Death due to digestive system disease No Yes 387 620 16,271

22 Accidental death No No 1224 488 10,037

23 Death due to renal disease No No 483 615 75

24 Hepatic cirrhosis No Yes 459 467 25,176

25 Non-AIDS cancer No No 610 407 134,000

25 Myocardial infarction No No 610 377 240,000

VS group

26 Hepatic cirrhosis Yes No 701 423 388

27 Death due to non-AIDS cancer No No 577 251 26,542

NOTE. Seven patients had multiple events. Statistical analyses included only the first occurrence of the given end point. Clinical events shown in

boldface are those diagnosed in patients known to be receiving antiretroviral therapy (ART). CVD, cardiovascular disease; DC, drug conservation; NHL,

non-Hodgkin lymphoma; OD, opportunistic disease; VS, viral supression.
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DISCUSSION

The randomization in the SMART study for this patient subset

directly compared the early use of ART (at �350 CD4� cells/�L)

versus the deferred use of ART (at �250 CD4� cells/�L). To our

knowledge, the data presented here represent the first substan-

tive evidence from a randomized trial to inform this critical issue

in HIV medicine since 1994 [1]. During follow-up, there was

substantially lower exposure to ART in the deferred treatment

group (DC). The deferred use of ART was consistent with the

protocol in the majority of participants; although the DC strat-

egy included discontinuation of ART when the CD4� cell count

increased to �350 cells/�L, 92% of accrued follow-up was in

participants who were either not receiving ART or taking ART

for the first time after randomization. In the early ART group

(VS), most participants (re)initiated ART with CD4� cell counts

between 350 and 549 cells/�L. We combined data from partici-

pants who were ART naive and those who had not been receiving

ART for at least 6 months before randomization. Had we been

more conservative and included only participants who had not

been receiving ART for �12 months before randomization, we

would have reduced the overall number of composite events

from 27 (21 in DC and 6 in VS participants) to 23 (17 in DC and

6 in VS participants). The calculated HR(DC/VS) would still

have indicated a significant benefit for the VS strategy (HR, 3.1

[95% CI, 1.2– 7.9]).

The results suggest that morbidity and mortality associated with

HIV is probably higher than previously thought for patients with

earlier stages of HIV disease. In DC participants, the rates of OD and

serious non-AIDS events were similar. The risk of a composite out-

come was �4-fold higher in DC participants than in VS partici-

pants. The data indicate that the risk of such events is reduced by

early versus deferred use of ART (the absolute risk of an OD or

serious non-AIDS event in DC versus VS participants was 7.0 vs.

1.6/100 person-years). This difference in absolute risk, if confirmed

in a larger trial, is important. Treatment guidelines for the initiation

of ART are conservative because the risk of AIDS (OD in our cate-

gories) at high CD4� cell counts is relatively low and because ART-

related toxicities (and other factors) have been assumed to out-

weigh any likely ART-related benefits. Our data suggest that early

ART use may result in substantial reductions in serious non-AIDS

events. Relative to the DC group, 289 additional person-years of

ART prevented 20 serious clinical events in the VS group. Hence,

prevention of 1 event requires 14 extra person-years of ART. When

assessed for AIDS events alone, prevention of 1 event requires 42

extra person-years of ART.

The occurrence of AIDS at higher than expected CD4� cell

counts has been described previously [7, 17]. There are fewer

Table 3. Clinical events (composite end point), by treatment group and proximal CD4� cell count.

Patient category,

proximal CD4� cell count

DC group VS group

HR(DC/VS) 95% CI

Person-

yearsa (%) Eventsb Ratec

Person-

yearsa (%) Eventsb Ratec

All participants

�250 cells/�L 19 (6.4) 3 (2) 16.0 10 (2.6) 1 10.5

250–349 cells/�L 65 (21.7) 6 (3) 9.3 30 (7.9) 2 6.7

350–499 cells/�L 118 (39.5) 9 (7) 7.6 108 (28.8) 3 2.8

�500 cells/�L 98 (32.4) 3 (2) 3.1 230 (60.7) 0 0.0

Overall 300 (100) 21 (14) 7.0 378 (100) 6 1.6 4.2 1.7–10.4

Those without prior AIDS

�250 cells/�L 16 (5.9) 2 (2) 12.8 8 (2.4) 0 0.0

250–349 cells/�L 58 (21.6) 5 (2) 8.6 26 (7.7) 1 3.9

350–499 cells/�L 107 (39.8) 5 (4) 4.7 95 (28.1) 2 2.1

�500 cells/�L 88 (32.7) 3 (2) 3.4 209 (61.8) 0 0.0

Overall 269 (100) 15 (10) 5.6 338 (100) 3 0.9 6.0 1.7–20.8

Those without a prior

non–AIDS-defining illness

�250 cells/�L 17 (5.9) 3 (2) 18.2 9 (2.5) 1 10.9

250–349 cells/�L 63 (22.0) 5 (2) 8.0 28 (7.9) 1 3.6

350–499 cells/�L 116 (40.4) 8 (6) 6.9 103 (29.1) 1 1.0

�500 cells/�L 92 (31.7) 3 (2) 3.3 214 (60.5) 0 0.0

Overall 288 (100) 19 (12) 6.6 354 (100) 3 0.8 7.5 2.2–25.4

NOTE. CI, confidence interval; DC, drug conservation; HR(DC/VS), hazard ratio for DC group vs. VS group; VS, viral supression.

a Time spent in the CD4� cell count category (censored at event).
b First events only. Values in parentheses indicate the no. of events that occurred before the (re)initiation of antiretroviral therapy.
c Per 100 person-years.
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data linking CD4� cell counts and the risk of non–AIDS-related

morbidity and mortality. Some non-AIDS conditions appear to

be linked to progressive immunodeficiency [8, 9, 18]. In the

SMART study, lower CD4� cell counts and higher plasma HIV-

RNA levels explain much of the excess risk in DC compared with

VS participants for non-OD death as well as OD [18]. The data

presented here for SMART participants not receiving ART are

consistent with these observations.

Mechanistically, it appears to be unlikely that a common

pathway for all non-AIDS events exists. Furthermore, the risk

and/or the benefit of ART for reducing non-AIDS diseases is not

clear. For example, PI therapy has been associated with an in-

creased risk of myocardial infarction [19, 20]. On the other

hand, continuous ART in SMART was associated with better

cardiovascular outcomes than ART interruption [14]. It is pos-

sible that untreated HIV disease supports a range of inflamma-

tory responses that, particularly over long periods, set the scene

for atherosclerosis in individuals with additional risk factors for

poor cardiovascular outcomes. The increased risk of cardiovas-

cular disease in patients with systemic lupus erythematosus is

similar in this regard [21, 22]. In addition, in SMART, changes in

lipids appear to explain some of the increased risk of cardiovas-

cular disease in the DC compared with the VS group [23]. The

pathogenesis of hepatic and renal disease along with non-AIDS

cancer is less clear. These equivocal and perhaps controversial

issues further highlight the need for a careful evaluation of risks

and benefits of early treatment with ART [24]. Furthermore,

they reinforce the importance of studies with systematically col-

lected clinical end points matched with appropriate biological

samples as a key feature of trial design for HIV infection [25].

There are limitations to our findings. First, we did not pre-

specify the patient subgroup or composite outcome of OD and

serious non-AIDS events in the original SMART analysis plan.

Thus, our findings generate new hypotheses that require confir-

mation. Predefined components of our composite outcome

have been reported for all SMART participants [14, 26]. For each

end point, there is an excess risk in the DC compared with the VS

group. The higher risk in DC compared with VS participants for

this composite outcome is not limited to those in this small sub-

group. The HR(DC/VS) for the composite of OD and serious

non-AIDS events is �1 for each of the 4 cohorts classified by

baseline ART use and is and significantly �1 for all SMART

participants. Second, although the CIs around the HR estimates

are wide as a result of the small number of composite events

(n � 27), they are qualitatively similar to the reliably estimated

2-fold difference in risk for the overall SMART study. Third, we

included a small number of participants who had prior AIDS-

defining illnesses (23 DC and 29 VS participants). However,

analyses that excluded these participants were consistent with

the present results (table 3). Finally, in SMART we did not for-

mally collect information on treatment-limiting toxicities that

did not attain the severity to qualify as a grade 4 adverse events.

During the period of observation, there were 3 DC participants

(1%) and 24 VS participants (10%) who ceased ART with toxic-

ities being the reason cited. During follow-up, there were 25 and

18 grade 4 events in the DC and VS groups, respectively.

These data indicate that the absolute risk of serious non-AIDS

events in untreated patients is greater than the risk of AIDS at

high CD4� cell counts. They reveal that risk reductions for AIDS

associated with the earlier use of ART appear to be greater than

previously estimated. Furthermore, the data suggest that re-

duced risk for serious non-AIDS outcomes arising from the early

use of ART might substantially outweigh any increased risk of

serious non-AIDS outcomes associated with the use of ART. We

believe the data presented here provide a strong clinical rationale

for the design and conduct of a randomized trial to estimate

precisely the risks and benefits of the initiation of ART before the

CD4� cell count declines to �350 cells/�L for the treatment of

chronic HIV disease.
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