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Which HIV-infected adults with high CD4 T-cell counts
benefit most from immediate initiation of antiretroviral
therapy? A post-hoc subgroup analysis of the START trial

Jean-Michel Molina, Birgit Grund, Fred Gordin, lan Williams, Mauro Schechter, Marcello Losso, Matthew Law, Ernest Ekong, Noluthando Mwelase,
Athanasios Skoutelis, Martin | Wiselka, Linos Vandekerckhove, Thomas Benfield, David Munroe, Jens D Lundgren, James D Neaton, for the
INSIGHT START study group

Summary

Background Immediate initiation of antiretroviral therapy (ART) in asymptomatic adults with CD4 counts higher
than 500 cells per pL, as recommended, might not always be possible in resource-limited settings. We aimed to
identify subgroups of individuals who would benefit most from immediate treatment.

Methods The START trial was a randomised controlled trial in asymptomatic, HIV-positive adults previously untreated
with ART. Participants with CD4 counts higher than 500 cells per pL were randomly assigned to receive immediate
ART or to defer ART until CD4 counts were lower than 350 cells per pL. The primary endpoint of the study was
serious AIDS-defining illnesses or death from AIDS and serious non-AIDS illnesses or non-AIDS-related death.
In this post-hoc analysis, we estimated event rates and absolute risk reduction with immediate versus deferred ART,
overall and by subgroup. Subgroups were prespecified in the study protocol or formed post hoc on the basis of
baseline characteristics associated with morbidity and mortality in people with HIV. For continuous characteristics,
approximate terciles were chosen as subgroup cutoff points, unless different cutoffs were clinically meaningful
(eg, age =50 years). We estimated the number needed to treat immediately with ART for 1 year to prevent one primary
event. Heterogeneity in the absolute risk reduction between subgroups was assessed with bootstrap tests. The START
trial is registered with ClinicalTrials.gov, number NCT00867048.

Findings Between April 15, 2009, and Dec 23, 2013, we enrolled 4684 participants from 35 countries across
five continents, of whom 2325 were assigned to immediate ART and 2359 were assigned to deferred ART. The primary
endpoint occurred in 42 participants in the immediate ART group (0-58 events per 100 person-years) and
100 participants in the deferred ART group (1-37 events per 100 person-years). The absolute risk reduction was
0-80 (95% CI 0-48-1-13) per 100 person-years with immediate treatment, and the number needed to treat immediately
to prevent one event was 126 (95% CI 89-208). Significant heterogeneity in absolute risk reduction with immediate
ART was found across subgroups according to age (p=0-0022), CD4 to CD8 ratio (p=0-0007), and plasma HIV RNA
viral load (p=0-033) at baseline. The highest absolute risk reductions and the lowest numbers needed to treat were
found in participants aged 50 years or older, those with CD4 to CDS8 ratios of less than 0-5, and those with plasma
HIV RNA viral loads of 50000 copies per mL or higher.

Interpretation Asymptomatic, ART-naive adults with CD4 counts higher than 500 cells per pL who are older, have a
low CD4 to CD8 ratio, or a high plasma HIV RNA viral load benefit most from immediate initiation of ART and
should be prioritised for treatment.

Funding US National Institute of Allergy and Infectious Diseases.

Introduction
The Strategic Timing of AntiRetroviral Treatment

HIV regardless of CD4 cell count.™* The clinical benefit of
immediate ART was also confirmed in a randomised trial

(START) trial was designed to establish the risks, benefits,
and appropriate timing of initiation of antiretroviral
therapy (ART) in asymptomatic, HIV-positive individuals
with CD4 counts greater than 500 cells per pL.' This
international trial showed that immediate initiation of
treatment reduced the risk of serious AIDS, serious non-
AIDS conditions, and death by 57% compared with
deferral of therapy until CD4 counts were lower than
350 cells per pL or AIDS had developed. These findings
have led to rapid changes in international guidelines,
which now recommend immediate ART for people with

done in Coéte d’Ivoire.’ In addition to reducing morbidity
and mortality, ART substantially reduces infectivity, an
important public health benefit.*’

In the START trial,' hazard ratios for the primary
outcome were similar across subgroups formed by
demographic and clinical baseline characteristics, with
the same relative benefits seen with early treatment
initiation. By contrast, event rates differed between
subgroups. Given similar relative risk reductions,
individuals at higher absolute risk would benefit more
from immediate ART than individuals at lower absolute
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Research in context

Evidence before this study

We searched PubMed without language restrictions for articles
published up to Aug 25, 2017, using the search terms “HIV",

“ART or antiretroviral”, "CD4", "early orimmediate”, and “trial”.
Eligible studies compared early with deferred combination
antiretroviral therapy (ART) in HIV-infected, ART-naive adults
with high CD4 cell counts (>350 cells per pL) for the clinical
outcomes of AIDS, serious non-AIDS conditions, and all-cause
mortality. We identified three such trials: HPTN 052, which
enrolled 1763 participants in nine countries in South America,
Asia, and Africa, of whom 134 had the primary endpoint; the
TEMPRANO ANRS 12 136 study, which enrolled 2056
participants in Cote d'lvoire, of whom 204 had the primary
endpoint; and the INSIGHT START study, which enrolled 4684
HIV-infected participants in 35 countries, of whom 142 had the
primary endpoint. In these studies, the overall risk of developing
serious AIDS or non-AlIDS conditions or death was 44-57% lower
with immediate initiation of ART than with delayed initiation of
treatment. In all three studies, relative risk reductions did not
differ according to baseline CD4 cell counts. In the START trial, the
risk of the primary endpoint was lower with immediate than with
deferred ART across various subgroups based on baseline
characteristics. Moreover, hazard ratios were homogenous across
subgroups. None of these studies compared absolute risk
reduction with immediate treatment across subgroups to identify
patients who might benefit most from early intervention.

risk because they would have larger absolute risk
reductions, which is particularly relevant for clinical
practice.

Provision of immediate access to ART for all people
with HIV is challenging, and identification of patients
who might benefit most from immediate ART would help
policy makers and health-care providers to prioritise
treatment. In this study, we identified baseline
characteristics of participants in the START study
associated with high absolute risk reductions, low
numbers needed to treat to prevent one clinical event,
and, therefore, increased net benefit with immediate
initiation of ART.

Methods

Study design and participants

The START study' was an international, open-label,
randomised trial done by the International Network for
Strategic Initiatives in Global HIV Trials (INSIGHT) and
designed to assess the risks and benefits of immediate
versus deferred initiation of ART in adults with early
asymptomatic HIV. Eligible participants had CD4 counts
greater than 500 cells per pL, were ART naive, and had
no previous AIDS. Participants assigned to the deferred-
initiation group did not receive ART until CD4 counts
were lower than 350 cells per pL or until AIDS or other
conditions that required ART had developed. ART
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Added value of this study

The START study showed that immediate initiation of ART
was associated with similar reductions in relative risk across all
baseline characteristics. Therefore, we hypothesised that
patients at higher absolute risk would benefit more from
immediate initiation of ART because they would have larger
absolute risk reductions. In this subgroup analysis of the
START trial, the net benefit of immediate initiation of ART was
highest among those aged 50 years or older, those with low
(D4 to CD8 ratios (<0-5), and those with high plasma HIV
RNA viral loads (>50 000 copies per mL) at baseline. These
participants had the largest absolute risk reductions,
corresponding to the lowest numbers needed to treat for
1year with immediate ART to prevent one event

(AIDS, serious non-AlIDS, or death).

Implications of all the available evidence

We identified subgroups of people with HIV who will benefit
most from immediate initiation of ART. These subgroups
included people who were aged 50 years or older, those with
low CD4 to CD8 ratios, and those with high plasma HIV RNA
viral loads. These people should be prioritised for immediate
treatment by policy makers and health-care workers,
particularly in low-resource settings.

regimens were selected by the participants and their
providers.

The primary endpoint of the study was a composite
outcome with two major components: serious
AIDS-defining illnesses or death from AIDS and serious
non-AIDS illnesses (including cardiovascular disease,
end-stage renal and liver diseases, and non-AIDS
defining cancers) or non-AIDS-related death. The
specific conditions included in the serious AIDS and
serious non-AIDS endpoints were described previously.!
All reported events were reviewed by an endpoint review
committee masked to treatment assignment with pre-
established criteria.! Events adjudicated as confirmed or
probable were included. Deaths were classified according
to the CoDe system.' Details of the design and data
collection plans have been published elsewhere.!

Participants were enrolled in the START trial between
April 15, 2009, and Dec 23, 2013, from 35 countries across
five continents. This post-hoc analysis includes data
accrued until May 26, 2015, when the results of the
START study were unblinded and participants in the
deferred ART group were offered ART after
recommendation by the data and safety monitoring
board because immediate ART initiation decreased the
risk of the primary endpoint by 57%.’

The study was approved by the institutional review
board or ethics committee at each participating site, and
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written informed consent obtained from

all participants.

was

Procedures

To assess which participants benefited most from
immediate initiation of ART, we considered subgroups
formed according to participants’ baseline characteristics.
The eight subgroups specified a priori in the protocol
were age, sex and route of infection, race, geographical
region (high-income regions were Australia, Europe,
Israel, and North America, and low-income or moderate-
income regions were Africa, Asia, Mexico, and
South America), baseline CD4 cell count, baseline plasma
HIV RNA viral load, smoking status (currently smoking
or not), and Framingham 10-year coronary heart disease
risk.® Additionally, we investigated several subgroups
formed post hoc on the basis of their association with
morbidity and mortality in people with HIV:** baseline
CDS8 cell count, baseline CD4 to CD8 ratio, co-infection
with hepatitis B virus (defined as HBsAg-positive within
1 year before enrolment) and hepatitis C virus (defined as
a positive hepatitis C antibody test), anaemia (haemoglobin
concentration <12 g/dL in women and <13 g/dL in men),
nadir CD4 cell count, hypertension, hyperlipidaemia, and
baseline concentrations of interleukin 6 and D-dimer. We
also assessed subgroups by prespecified ART regimen. To
form subgroups based on continuous characteristics,
approximate terciles were chosen as cutoff points, unless
different cutoffs were clinically meaningful (eg, age
=50 years). Concentrations of interleukin 6 and D-dimer
were measured in centrally stored plasma samples
collected at baseline. Interleukin 6 was measured with
QuantiGlo chemiluminescent ELISA (R&D Systems,
Minneapolis, MN, USA) and D-dimer with the VIDAS
system (bioMérieux, Durham, NC, USA).

Statistical analysis

Study follow-up was censored on May 26, 2015, the day
before the results of the START trial were unblinded. Four
additional primary events (all in the deferred-initiation
group) that occurred before May 26, 2015, have been
reported since publication of the original article.! Thus,
event counts in this paper differ slightly from those
previously reported.! We considered three endpoints: the
START primary endpoint and its two components of
serious AIDS (non-fatal and fatal) and serious non-AIDS
conditions (non-fatal and death by causes other than
AIDS). We estimated event rates per 100 person-years in
the immediate and deferred ART groups, overall and by
subgroup, through dividing event counts by the person-
years accrued and multiplying by 100. Absolute risks
reductions, calculated as the difference in event rates
between the deferred group and the immediate group,
were estimated for each subgroup, and 95% CIs were
calculated with Wilson’s score method.” Heterogeneity in
absolute risk reductions between subgroups was tested
with Q-statistics and bootstrap estimates of p values.” We

used bootstrap because Poisson models for absolute risk
reductions did not converge for several subgroups. The
numbers needed to treat for 1 year in the immediate-
initiation group to prevent one event relative to the
deferred-treatment group were calculated as 100 divided
by the absolute risk reduction. Upper and lower limits of
95% Cls for the numbers needed to treat were calculated
as inverses of the lower and upper CI limits for absolute
risk reductions, respectively, multiplied by 100.”

To assess how the primary endpoint differed between
subgroups, we calculated Kaplan-Meier estimates of the
cumulative proportion of participants with an event for
subgroups according to age, CD4 to CD8 ratio, and HIV
RNA viral load.

All analyses were done by intention to treat. Because
the statistical analyses might have been unstable for
very low numbers of events, only subgroup categories
with at least ten primary events were considered. We
did not adjust for multiple comparisons; therefore,
because of inflation of type I error, significant effects
should be interpreted with caution. Also, the method
used to test for heterogeneity in the absolute risk
reductions might have been sensitive to subgroup
cutoff points.

We used SAS software version 9.3 and R version 3 for
statistical analyses. All p values are two-sided, and a
p value of less than or equal to 0-05 was considered to be
significant.

This trial is registered with ClinicalTrials.gov, number
NCT00867048.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Between April 15, 2009, and Dec 23, 2013, 4684 people
with asymptomatic HIV previously untreated with ART
were enrolled from 35 countries across five continents.
At study entry, 2325 of the 4684 participants were
assigned to the immediate ART group and 2359 were
assigned to the deferred ART group. Baseline
characteristics are summarised in the table and by CD4
to CD8 ratio subgroups in the appendix (p 1).

In the immediate ART group, 2250 (97%) of
2325 participants had started ART by month 4 after trial
enrolment, and ART was used for 96-8% of follow-up
time accrued.'In the deferred ART group, median time
to ART initiation was 3-0 years (IQR 1-6-5-2), and ART
was used for 29-1% of follow-up time accrued. Almost all
participants who reported ART use had suppressed viral
loads, suggesting high treatment adherence.’

In the immediate ART group, 42 primary events
occurred over a mean follow-up of 3-1 years (SD 1-2;
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event rate 0-58 per 100 person-years), compared with
100 events over the same follow-up period in the deferred
ART group (1-37 per 100 person-years; figure 1). Thus,
the absolute risk reduction with immediate initiation
versus deferred initiation was 0-80 (95% CI 0-48-1-13)
per 100 person-years, favouring immediate ART
(figure 1). As a result, 126 patients (95% CI 89-208)
would need to initiate treatment immediately to prevent
one primary event per year (figure 1).

For all subgroups, the estimated absolute risk reduction
was above zero, favouring the immediate-initiation group.
Absolute risk reductions varied significantly by age,
baseline CD4 to CD8 ratio, and baseline HIV RNA viral
load (figure 2). Across these subgroups, absolute risk
reductions were largest and numbers needed to treat were
smallest for the 11-8% of participants aged 50 years or
older (number needed to treat 42, 95% CI 24-125), for the
29-2% of participants with a baseline CD4 to CD8
ratiobelow0-5 (58,40-93), and for the 21-8% of participants
with plasma HIV RNA viral loads of 50000 copies per mL
or higher (68, 42-149). For these three subgroup categories,
there was a clear risk gradient in the deferred ART group,
with increased event rates among those who were older,
had lower CD4 to CDS8 ratios, and higher HIV RNA viral
loads (figure 2). Only 63 (1-4%) of 4619 participants were
in all the subgroup categories with the highest absolute
risk reductions (age =50 years, CD4 to CD8 ratio <0-5, and
HIV RNA =50000 copies per mL). For the 607 (13-1%)
participants who were in two or more of these three
subgroup categories, the absolute risk reduction was
2-59 (95% CI 1-28-4-07) and the number needed to treat
was 39 (95% CI 25-78; appendix p 3).

There was no evidence of differences in absolute risk
reduction (and numbers needed to treat) across
subgroups according to sex and likely route of HIV
infection, race, geographical region, CD4 and CD8 cell
counts, Framingham 10-year risk of coronary heart
disease, and interleukin 6 and D-dimer concentrations
(figure 2). Additionally, absolute risk reduction did not
differ across subgroups according to baseline nadir CD4
count, smoking status, hepatitis B or C status, anaemia,
hyperlipidaemia, hypertension, or prespecified ART
regimen (appendix p 4).

At 36 months, the difference in the estimated cumulative
proportions of participants with a primary event between
the immediate and deferred ART groups (figure 3) was
largest (and the absolute benefit of immediate ART
was highest) among those aged 50 years or older
(2-8% vs 11-3%), those with CD4 to CD8 ratios of less than
0-5(0-7% vs 6-7%), and those with plasma HIV RNA viral
loads of 50000 copies per mL or higher (2-0% vs 6-7%).

When considering the major components of the
primary endpoint separately, event counts were lower,
resulting in reduced power to detect heterogeneity in
absolute risk reductions across subgroups. Similar to the
primary endpoint, estimated rates of serious AIDS events
were consistently lower with immediate versus deferred

www.thelancet.com/hiv Vol 5 April 2018

ART across all subgroups, although absolute risk
reduction varied significantly between the subgroups
according to baseline CD4 to CDS8 ratios (p=0-0005) and
CD8 cell counts (p=0-019; appendix p 5). For serious
non-AIDS events, older age was associated with larger
absolute risk reduction with immediate ART (p=0-0008),
with an absolute risk reduction of 1.60 (95% CI
0-23-3.07) per 100 person-years in those aged 50 years
or older (appendix p 6). Additionally, the absolute risk

CD4 count™ (cells per pL) 652 (585-765)
552 (485-660)

1039 (774-1383)

Nadir CD4 count (cells per pL)
(D8 count (cells per L)

Framingham 10-year risk of
coronary heart disease (%)

1-9% (0-5-5-0)

Current smoker 732 (31-5%) 767 (32:5%)
Hepatitis B positive 64 (2-8%) 65 (2-8%)
Hepatitis C positive 89 (3-8%) 82 (3-5%)
Anaemia 321 (13-8%) 348 (14-8%)
Prespecified ART regimen
NNRTI plus two NRTIs 1845 (79-4%) 1841 (78-0%)
Protease inhibitor plus 386 (16:6%) 429 (18-2%)
two NRTIs
INSTI plus two NRTIs 94 (4-0%) 89 (3-8%)

obtained at screening for each participant.

651 (582-764)
553 (490-650)
1049 (780-1422)

(D4 to CD8 ratio 0-65 (0-47-0-86) 0-64 (0-47-0-88)
HIV RNA (copies per mL) 13000 (3128-43 837) 12550 (2976-42 567)
Interleukin 6 (pg/mL) 14 (1:0-2:2) 1-4 (1.0-2:1)
D-dimer (ug/mL) 0-3(02-0'5) 0-3(0-2-0-5)

1.9% (0-5-53)

Immediate ART Deferred ART All (n=4684)
(n=2325) (n=2359)
Age (years) 36 (29-44) 36 (29-44) 36 (29-44)
Sex
Female 624 (26-8%) 633 (26-8%) 1257 (26-8%)
Male 1701 (732%) 1726 (73-2%) 3427 (73-2%)
Race or ethnicity
Asian 198 (8-5%) 190 (8:1%) 388 (8:3%)
Black 701 (30-2%) 707 (30-0%) 1408 (30-1%)
Latino or Hispanic 319 (13-7%) 318 (13-5%) 637 (13-6%)
White 1016 (43:7%) 1071 (45-4%) 2087 (44-6%)
Other 91 (3-9%) 73 (3:1%) 164 (3:5%)
Geographical region
High income 1067 (45-9%) 1088 (46-1%) 2155 (46-0%)
Low or moderate income 1258 (54-1%) 1271 (53-9%) 2529 (54-0%)
Route of infection with HIV
MSM 1300 (55:9%) 1287 (54-6%) 2587 (55-2%)
Heterosexual 871 (37-5%) 917 (38:9%) 1788 (38-2%)
Injectable drug use 37 (1-6%) 27 (11%) 64 (1-4%)
Blood products, other, or 117 (5-0%) 128 (5-4%) 245 (5-2%)
unknown
Time since HIV diagnosis (years) 1.0 (0-4-3-0) 11(0-4-31) 1.0 (0-4-3-1)

651 (584-765)
553 (488-654)
1041 (777-1402)
0-64 (0-47-0-87)
12761 (3025-43 482)
1.4 (1-0-2-1)
03 (0-2-0-5)
1.9% (0-5-5-1)

1499 (32:0%)
129 (2-8%)
171 (3-7%)

669 (14-3%)

3686 (78.7%)
815 (17-4%)

183 (3:9%)

Data are n (%) or median (IQR). ART=antiretroviral therapy. MSM=men who have sex with men.
NNRTI=non-nucleoside reverse-transcriptase inhibitor. NRTI=nucleoside reverse-transcriptase inhibitor.
INSTI=integrase strand-transfer inhibitor. *The median CD4 cell count was based on the mean of two CD4 cell counts

Table: Baseline characteristics of the trial participants
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Number of participants with ARR NNT

events (rate per 100 person-years) (95% Cl) (95% Cl)

Immediate ART ~ Deferred ART
Endpoint
Primary endpoint 42(0-58) 100 (1-37) —————@————  080(0:48-113) 126 (89-208)
Serious AIDS 14 (0-19) 51(0-69) - — 050 (0-29-0-73) 199 (136-342)
Serious non-AIDS 29 (0-40) 50 (0-68) —— 0-28 (0-05-0-53) 353 (189-2199)

05 0 05 10
<+— —>
Favours deferred ART Favours immediate ART

Figure 1: Event rates, ARRs, and NNTSs to prevent one event in the immediate versus deferred ART groups
ARRs are per 100 person-years and were calculated as the difference in event rates between the deferred group and the immediate group. ART=antiretroviral therapy.
ARR=absolute risk reduction. NNT=numbers needed to treat.

n (%) Number of participants with events ARR p value for
(rate per 100 person-years) (95% Cl) heterogeneity
Immediate ART  Deferred ART
Age (years) p=0-0022
<30 1322(282%)  7(034) 17 (0-80) e 0-46 (-0-01t0 0-97)
30-49 2809 (60-0%) 22 (0-50) 51(1-17) —— 0-67 (0-29t0 1-08)
250 553 (11-8%) 13 (1-59) 32(3:98) PY 2:40 (0-80 to 4-11)
Sex and route of infection p=0-14
Female 1257 (26-8%) 7(0-40) 24 (1-38) ——— 0-98 (0-37t01-68)
Male, MSM 2600 (55:5%) 15 (0-34) 53 (1-25) —— 0-90 (0-54 t0 1-31)
Male, other 827 (17:7%)  20(172) 23(178) ——— p——— 0-06 (-1-04 to 1-13)
Race p=0-74
Black 1408 30-1%) 16 (0-83) 31(1:59) ——— 076 (0-06 to 1-49)
White 2087 (44-6%) 20 (0-57) 53(1-48) — 0-91 (0-44 to 1-40)
Other 1189 (254%)  6(0:32) 16 (0-92) — 0-60 (0-08 to 1-19)
Geographical region p=0-60
High income 2155 (46:0%) 19 (0-51) 52(139) e 0-88 (0-45t0 1:34)
Low or
moderate income 2529 (54-0%) 23 (0-65) 48 (1:36) — 0-71(0-25t0 1-20)
Baseline CD4 count (cells per pL) p=0-26
<600 1474 (31:5%)  9(0-38) 37(1:54) ——— 117 (0-62t0 1.77)
600-800 2275 (48:6%) 24 (0-67) 47 (1:34) —— 0-67 (0-21t01-16)
>800 935(20-0%)  9(0:67) 16 (1-15) ———— 0-48 (-0-27t0 1-26)
Baseline CD8 count (cells per pL) p=0-056
<850 1509 (32:6%)  13(0-56) 27 (117) —— 0-61(0-07 t0 1-19)
850-1300 1704 (36-8%)  17(0-63) 29 (111) —eo— 0-48 (-0-02t0 1.01)
>1300 1415 (30-6%) 11 (0-50) 43(1-88) ——— 1:38 (0-76 t0 2-06)
Baseline CD4 to CD8 ratio p=0-0007
<05 1353 (29-2%) 9(0-41) 46 (2-14) ——— 1.73 (1-08 t0 2.46)
0-5-0-8 1846 (39:9%) 24 (0-82) 31(1-07) —— 0-25 (-0-26t0 0-77)
>0-8 1429 (30.9%)  8(0-38) 22 (1.01) ——— 0-63(0-13t01:18)
Baseline HIV RNA (copies per mL) p=0-033
<3000 1159 (24-8%)  11(0-64) 15(0-84) —t 0-21 (-0-39 t0 0-82)
3000-50000 2495 (53-4%) 20 (0-51) 52(132) —— 0-80 (0-39 t0 1-25)
250000 1021 (21-8%)  11(0-67) 33(2115) —————— 1-48 (067 t0 2-38)
Framingham coronary heart disease risk (%) p=0-22
<0-8 1532 (33-2%) 8(034) 18(077) —e— 0-43 (0-00t0 0-91)
0-8-3-6 1511 (32:8%) 11 (0-46) 27 (117) ——— 0-71(0-20t0 1-27)
>3-6 1570 (34-0%)  23(0-96) 53 (2:09) ——— 113 (0-45t0 1-84)
Interleukin 6 (pg/mL) p=0-35
<11 1427 (332%)  6(0-28) 20(0-86) —e— 0-58 (0-13 t0 1-06)
11-1-8 1400 (32:6%)  15(0-67) 27 (1:27) ——— 0-60 (0-01to 1-22)
>1.8 1469 (342%)  18(077) 43(1-87) ——— 110 (0-44 to 1.79)
D-dimer (pug/mL) p=0-26
<025 1350 31-6%)  5(0-22) 13(0:59) —e— 0-36 (-0-02 to 0-80)
0-25-0-42 1493 (34-9%)  14(0-59) 35(1-48) — 0-89 (0-32t0 1-51)
>0-42 1431(33:5%) 20 (0-96) 42(1-97) ——— 1.01(0-28 t0 1.77)
1 0 1 2 3 4
Favours deferred ART Favours immediate ART

Figure 2: Rates of the primary endpoint and ARRs in the immediate versus deferred ART groups, by subgroup
ARRs are per 100 person-years and were calculated as the difference in event rates between the deferred group and the immediate group. ART=antiretroviral therapy.
ARR=absolute risk reduction. MSM=men having sex with men.
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24 36 48 60 0 12 24 36 48 60

775 450 248 60 664 653 582 374 199 53
770 464 228 67 689 662 576 336 176 49
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Number at risk Time (months)

Immediate ART 568 555 467 251 129 38 1235 1212
Deferred ART 591 578 475 257 130 35 1260 1228

Time (months)

4 36 48 6 0 12 24 36 48 60
Time (months)

1042 623 329 84 517 511 436 254 138 38

1053 620 322 87 504 479 407 246 118 36

Figure 3: Kaplan-Meier estimates of the proportions of participants who had a primary event in the immediate and deferred ART groups, by subgroup

Cumulative proportions at month 36 are shown. ART=antiretroviral therapy.

reduction for serious non-AIDS events differed between
the subgroups according to sex and route of infection
(p=0-024; appendix p 6).

Discussion

In the START trial, immediate initiation of ART in
asymptomatic adults with CD4 counts higher than 500 cells
per pL decreased the risk of the primary composite
endpoint of serious AIDS, serious non-AIDS illnesses, and
all-cause death by 57% compared with deferred ART
initiation. This relative risk reduction was consistent and
similar across subgroups defined at baseline, emphasising
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the main finding of the original study that all asymptomatic
HIV-infected individuals with CD4 cell counts above
500 cells per pL will have similar relative benefits from
immediate initiation of ART." Guidelines from WHO and
the US Department of Health and Human Services now
recommend starting ART immediately after HIV diagnosis,
irrespective of CD4 cell count. Expanding this
recommendation to asymptomatic, HIV-positive people
with CD4 cell counts above 500 cells per pL was based, in
large part, on the results of the START trial.**

Although the relative risk reduction was similar across
all subgroups of participants, we found that absolute risk
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reduction was greatest among older participants, those
with low baseline CD4 to CD8 ratios, and those with high
plasma HIV RNA viral loads, corresponding to low
numbers needed to treat immediately to prevent serious
AIDS and non-AIDS events. We assessed absolute risk
reduction across subgroups to identify people who might
benefit most from immediate ART initiation to inform
doctors and policy makers who might have to prioritise
ART access in low-resource environments. This analysis
alludes to the cost-effectiveness of immediate treatment
with regard to prevention of serious clinical events,
but does not take into account the beneficial effect of
immediate treatment on prevention of HIV trans-
mission, which could substantially increase the overall
cost-effectiveness of this strategy. ¢

Advanced age, usually defined as age 50 years or older
for people with HIV, has been independently associated
with more rapid disease progression and mortality in
cohort studies in both untreated patients and in those
starting ART.** The reason for more rapid disease
progression with age is likely to be multifactorial,
including a role for comorbidities associated with ageing
and a direct role for HIV. In their modelling study based
on retrospective and observational data, Edwards and
colleagues” showed that the effect of delaying ART on
mortality was age dependent, with the greatest absolute
benefit of early ART projected in the oldest age group
(>45 years). In our study population, in which all
participants had CD4 counts above 500 cells per pL at
study entry, people aged 50 years or older (11-8% of the
total population) had a greater absolute risk of events, a
greater absolute risk reduction with immediate ART, and
a lower number needed to treat (n=42) to prevent one
primary endpoint than people younger than 50 years.
The greatest absolute risk reduction among older
participants was seen in serious non-AIDS events. These
results suggest that patients entering care at older ages
are more susceptible to the effects of delaying ART
initiation than younger patients and that initiation of
ART in patients aged 50 years or older is urgent. In the
USA in 2009, 92% of HIV-infected patients older than
55 years who were in care were prescribed ART, a statistic
that should be replicated elsewhere.” Finally, our findings
emphasise the need for increased HIV testing in older
populations, because up to 18% of new HIV diagnoses
are in people aged 50 years or older, but only 37% of
people aged 45-64 years in the USA in 2010 had ever
received an HIV test compared with 57% of those aged
25-44 years.”

Participants with low CD4 to CD8 ratios at baseline
were at increased risk of events with deferred ART and
benefited more from immediate treatment than those
with higher CD4 to CD8 ratios at baseline. Among those
with ratios of less than 0-5 (29-2% of our study
population), the absolute risk reduction for the primary
endpoint was 1-73 per 100 person-years (and the number
needed to treat was only 58) compared with 0-63 per

100 person-years among participants with baseline ratios
above 0-8. Participants with ratios of less than 0-5 had
the greatest absolute reduction in serious-AIDS events.
Our results are consistent with studies in HIV-infected
patients previously untreated with ART showing that low
CD4 to CDS8 ratios are associated with increased risk of
AIDS and death, but differ from studies done among
virologically suppressed HIV-infected patients on ART in
which a low ratio was also associated with an increased
risk of non-AIDS events.”® Thus, ART-naive patients
with low CD4 to CD8 ratios tend to progress more rapidly
to the composite of serious AIDS, serious non-AIDS
events, or death and should be prioritised for immediate
treatment. Indeed, earlier initiation of ART has been
reported to increase the probability of restoring normal
CD4 cell counts and normal CD4 to CD8 ratios and to
reduce immune activation and inflammation.*** The
mechanisms driving down CD4 to CD8 ratios in people
with HIV who are untreated are not fully understood, but
they are probably associated with innate and adaptive
immune dysfunction or activation in the peripheral
blood and gut induced by HIV and also cytomegalovirus
replication, leading to expansion of CD8 cells.” In this
study, participants with low CD4 to CD8 ratios tended to
have not only lower CD4 cell counts but also higher CD8
cell counts and higher plasma HIV RNA viral loads than
participants with high CD4 to CD8 ratios. In patients
with untreated HIV, most CD8 cells are HIV-specific
T cells. Therefore, it is likely that expansion of CD8 cells
is a marker of immune dysfunction predictive of AIDS or
non-AIDS events, as previously reported.”

In our study, participants with higher baseline plasma
HIV RNA viral loads also benefited more from immediate
ART than did those with lower baseline viral loads, and
participants with plasma HIV RNA viral loads of
50000 copies per mL or higher (21-8% of the study
population) had the greatest absolute risk reduction and
the lowest number needed to treat to prevent one primary
endpoint. The greater absolute risk reduction for
participants with high baseline HIV RNA viral loads can
be explained by higher event rates, both serious AIDS
and serious non-AIDS, in the deferred ART group,
whereas immediate ART resulted in similarly low event
rates across all baseline HIV RNA categories. High
plasma HIV RNA viral loads have been independently
associated with increased probabilities of progression to
AIDS and death” Moreover, high viral loads are
associated with increased risk of transmission; hence,
immediate initiation of ART in patients with high viral
loads is urgent because it will reduce viral load and,
therefore, HIV transmission, as well as decrease the risk
of severe AIDS and non-AIDS events and death.*”*

We found no evidence of differences in absolute risk
reductions with immediate ART across subgroups
according to sex and route of HIV infection, race,
geographic region, Framingham 10-year coronary heart
disease risk, interleukin 6 or D-dimer concentrations, and
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CD4 or CD8 cell counts. We do not have a clear explanation
for why the CD4 to CDS8 ratio seemed to have stronger
prognostic capacity than did interleukin 6 and D-dimer, by
contrast with previous studies,* except that previous
studies were done in HIV-infected patients already on
ART, and START was done in HIV-infected people
previously untreated with ART.

Strengths of our study include the randomised design,
large sample size, and uniform reporting and central
adjudication of events. The main limitations are that the
mean duration of follow-up was only 3-1 years and,
consequently, event counts in most subgroups were
small, particularly when considering the endpoints of
AIDS and serious non-AIDS illnesses separately. Low
event numbers in individual subgroups resulted in
substantial uncertainty in estimates of absolute risk
reduction, reflected by large confidence intervals, and
limited power to detect heterogeneity in treatment effect
across subgroups. We also considered many subgroups,
some of which were not prespecified, without adjustment
for type I error, which might have led to chance findings.
We have chosen to focus on subgroups for which tests
for interaction in absolute risk reduction were significant,
but we acknowledge that our heterogeneity tests were
also sensitive to the cutoff points used to form subgroups.

In summary, this subgroup analysis of START is
consistent with the finding of the main study that
immediate initiation of ART is beneficial across all
baseline characteristics and supports the recommendation
of starting ART in all patients with HIV as soon as
possible. Moreover, we have identified subgroups of
participants who have the greatest reduction in absolute
risk from immediate ART: age of 50 years or older, CD4 to
CD8 ratio of less than 0-5, and plasma HIV RNA viral
load of 50000 copies per mL or higher. In such patients,
immediate initiation of ART at diagnosis is urgent.
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