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Abstract
Purpose of review Optimal control of HIV can be achieved by early diagnosis followed by the initiation of antiretroviral therapy
(ART). Two large randomised trials (TEMPRANO and START) have recently been published documenting the clinical benefits
to HIV-positive adults of early ART initiation. Main findings are reviewed with a focus on serious non-AIDS (SNA) conditions.
Recent findings Data from the two trials demonstrated that initiating ARTearly in the course of HIV infection resulted in marked
reductions in the risk of opportunistic diseases and invasive bacterial infections. This indicates that HIV causes immune
impairment in early infection that is remedied by controlling viral replication. Intriguingly, in START, a marked reduction in
risk of cancers, both infection-related and unrelated types of cancers, was observed. Like the findings for opportunistic infections,
this anti-cancer effect of early ART shows how the immune system influences important pro-oncogenic processes. In START,
there was also some evidence suggesting that early ART initiation preserved kidney function, although the clinical consequence
of this remains unclear. Conversely, while no adverse effects were evident, the trials did not demonstrate a clear effect on
metabolic-related disease outcomes, pulmonary disease, or neurocognitive function.
Summary HIV causes immune impairment soon after acquisition of infection. ART reverses this harm at least partially. The
biological nature of the immune impairment needs further elucidation, as well as mechanisms and clinical impact of innate
immune activation. Based on the findings from TEMPRANO and START, and because ART lowers the risk of onward
transmission, ART initiation should be offered to all persons following their diagnosis of HIV.
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Introduction

By starting antiretroviral therapy (ART) early in the course of
HIV infection, severe immune impairment is avoided.
However, the evidence base to support use of life-long ART
in persons with early HIV infection was only definitively
established in 2015. During the 15 years prior to this, when

ART initiation was still deferred to substantially lower CD4+
lymphocyte counts, there were substantial and sustained im-
provements in survival [1•]. Not only was the risk of oppor-
tunistic disease declining as CD4 count among treated persons
continued to increase, but, intriguingly, the risk of cardiovas-
cular disease and liver disease was also declining. This im-
provement was explained by better clinical care. This included
continuous use of ART, in the aftermath of the completion of
the Strategies for Management of Antiretroviral Therapy
(SMART) study in 2006 [2].

The SMART study documented that continuous control of
viral replication resulting in higher counts of CD4+ lympho-
cytes (as opposed to using ART intermittently) reduced risk
not only of opportunistic infections but also of a composite
outcome of non-AIDS-defining end-organ diseases and can-
cers—collectively labelled serious non-AIDS (SNA) condi-
tions [3]; definitions are available in [4]. In addition to the
traditional risk factors for these events, lower CD4+ lympho-
cyte counts [3, 5–7] and a higher state of ongoing inflamma-
tion and coagulation system activation (as reflected in
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elevated interleukin-6 and D-dimer levels) [8••] after achiev-
ing virologic suppression with ARTwere risk factors.

Based on the findings from SMART, it was important to
determine whether risk of SNA conditions could be reduced
by starting ART in early HIV infection. If early ART did
reduce this risk, it would not only have clinical importance
but it would also enhance our understanding of HIV patho-
genesis and open up new avenues of research (Tables 1 and 2).

Approaches to Define the Benefit to Risk
Ratio of Early ART Initiation

Many observational studies have attempted to address this ques-
tion [9–13]. The latest of these reports (from the HIV Cohorts
Analysed Using Structural Approaches to Longitudinal data
[HIV-CAUSAL] Collaboration [13•]) which used optimal
methods to adjust for baseline and time-dependent confounders
predicted the survival benefit fromearlier use ofARTin the range
of 3 to 20% [13•]. Being an observational study, the underlying
assumption was that there was no unmeasured confounder that
could have influenced the decision to start ART. Deferral of
ARTwas the usual standard of care in the cohorts contributing to
the reports [9–12, 13•].

An informeddecisiononwhether to initiateARTinearlyHIV
infection requires, like when starting any type of medical inter-
ventions, that the benefit from starting the treatment outweighs
the potential harm from doing so [14, 15]. The observational
studies cited above [9–12, 13•] focused on risk of death and

AIDS, as these outcomes are fairly reliably ascertained in cohort
studies. Non-fatal SNA outcomes were not considered.
However, pathologies contributing todeath are diverse, and their
relative contribution may be affected differentially by earlier
ART initiation. The ratio of AIDS to non-AIDS conditions con-
tributing to death is substantially higher in those dying with low
CD4+ lymphocyte count, than would be expected if ART was
started earlier in the course of HIV infection. Since non-AIDS
causes of death could be adversely influenced by early ARTand
since non-fatal adverse events that impact quality of life could
also be greater with early ART, it was important to expand eval-
uations of early ART to include these outcomes. Among those
withearlyHIV,eventrateswereexpectedtobelowandtheeffects
of earlyARTmodest. Therefore, it was critical to assess the risks
andbenefits of earlyARTin large randomised trials inwhichbias
due to confounding could be eliminated and risks and benefits
could be reliably measured. Results from these two trials were
reportedin2015[16••,17••].GiventheclearbenefitofearlyART
initiation, it is unlikely that additional trialswill be undertaken in
the future.

TEMPRANO [16••]

TEMPRANOwas a trial, using a two-by-two factorial design,
to address whether earlier ART and initiation of isoniazid pri-
mary chemoprophylaxis would reduce a composite clinical
endpoint that included AIDS events, non-AIDS-defining can-
cer, non-AIDS-defining invasive bacterial disease, and death

Table 1 Overview of benefits and risk from initiation of ART in early HIV infection

Benefits Neutral Harm

Opportunistic infections including tuberculosis
and invasive bacterial infections

Neurocognitive impairment Neurotropic antiretroviral drugs in persons with history
of psychiatric conditions

Cancer—both infection-related and
unrelated types

It remains uncertain whether antiretroviral drugs adversely
affects cancer risk

Lung function

Preventive benefit on kidney function* Cardiovascular disease* Antiretroviral-associated increased risk of cardiovascular
disease and chronic kidney disease in persons with high
underlying risk of these conditions*

Depletion of bone mineral density in osteopenic/osteoporotic
persons when initiating ART and from certain antiretroviral
drugs affecting bone metabolism. Clinical consequences
remain unclear.

Reduced risk of transmission of HIV by sex and
intrauterine transmission (likely also needles)

Risk compensation (although will have to be extreme to
off-set benefit), transmission of drug-resistant virus due to
intermittent adherence to and intrinsic failure of ART to
contain viral replication while perceiving not to be able
to transmit

See text for details including references

*The numbers needed for one person to be harmed depend on persons underlying risk of the conditions—algorithms exist that is able to determine this
underlying risk
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from any cause [16••]. TEMPRANO was conducted by the
French ANRS (National Agency for AIDS Research) in the
Ivory Coast (2056 participants were enrolled). The most fre-
quently occurring primary endpoints were tuberculosis and
invasive bacterial infections. In the arm randomised to de-
ferred ART, the CD4+ lymphocyte threshold for initiation
changed during the trial, reflecting changes in the WHO rec-
ommendations from starting at 200 and later on 350 and
500 cells/μL. Earlier ART was found to reduce the clinical
events risk by 44%. As the number of SNA conditions were
low, it was not possible to assess possible benefit from earlier
ART initiation on these outcomes.

The Strategic Timing of Antiretroviral
Treatment (START) Trial [17••]

START was conducted in 35 countries on 5 continents and en-
rolled4685ARTnaïveparticipantsofwhom54%receivedcare in
low- and middle-income countries [17••]. All had a CD4+ lym-
phocyte count at enrolment above 500 cells/μL (20%above 800)
and without prior AIDS. The broad geographical representation
was by design to ensure generalizable conclusions [18]. The de-
signwas a simple comparison of risk of amajor clinical endpoint
fromimmediateversusdeferredARTinitiation (whenCD4+lym-
phocyte count had decreased to 350 cells/μL; the observed count
just before starting was 440) [19]. The primary endpoint was a
compositeoffatalandnon-fatalAIDSandSNAevents.Following
from the results of SMART [2], non-fatal SNAevents considered
major cardiovascular, liver and renal clinical events and non-
AIDS-defining cancers. Several secondary outcomes were de-
fined to further understand the potential benefits and risks of early
ART.Based onpre-specifiedmonitoring guidelines, theData and
Safety Monitoring Board for START determined that early ART
wassuperior todeferredARTbefore theplannedcompletiondate.
Overall, therewas57%reductionintheprimaryendpointinfavour
of earlier ART initiation. In addition, for each of the two major
components of the composite primary endpoint, AIDS and non-
AIDS, early ART was superior to deferred ART (72 and 39%
reductionswith earlyART, respectively). The benefit was consis-
tent in all subgroups examined (demographics, HIV-related

factors, underlyingCVrisk, i.e. no statistically significant interac-
tion). Inmodels that assumed that all the trial participants adhered
to the protocol, the proportion developing the primary endpoint
5years into the trialwasprojected tobe3.2%inthe immediatearm
and 7% in the deferred arm [20•]. The absolute risk reduction
(which takes into account varying underlying risk of the various
outcomes) infavourofearlierARTinitiationwasmoremarkedfor
olderpersons (primarilydrivenbyhigher riskofSNAconditions),
andthosewithmoreperturbedHIVinfection(higherviral loadand
low CD4:CD8 ratio) [21]. Consistent with the observed clinical
benefit, the general health quality of life estimate increased in the
arm initiatingART immediately [22].

WhenARTis initiated in late stages ofHIVinfection, increas-
ing CD4+ lymphocyte counts is usually projected as a suitable
surrogate of benefit. However, preliminary analyses only esti-
mate that 15% of the benefit from earlier ART initiation in the
START trial was explained by improvement of this immune
marker [23•].Higher follow-up levelsof theCD4:CD8ratiowith
earlyascompared todeferredARTexplainedmoreof thebenefit.

Opportunistic Infections

In HIV, the risk of opportunistic infections, also in early HIV
infection, can fairly reliably be predicted by the combination of
the CD4+ lymphocyte count and the HIV-RNAviral load [24].
Both TEMPRANO and STARTconfirmed these observations.
A post hoc analysis in START, expanding on the types of bac-
terial infections included in the endpoint yielded consistent re-
duction of invasive bacterial infection risk (61%) [25•] to that
observed in the TEMPRANO trial [16••] (Fig. 1). For this par-
ticular outcome, increasing CD4+ lymphocyte counts ex-
plained most of the benefit from earlier initiation of ART.

Cancer

A number of pro-oncogenic infections, including Epstein-Barr
virus (EBV), Kaposi’s sarcoma-associated herpesvirus (human
herpes virus 8) and Human Papilloma Virus (HPV), replicate
better and thereby exert their oncogenic potential in patientswith

Table 2 Key design and outcome measures from the TEMPRANO and START trials

TEMPRANO (16) START (17)

Number of subjects enrolled 2056 4685

Number of countries participating 1 35

Median CD4+ lymphocyte count
at entry (% > 500 cells/μL)

460 (41%) 651 (100%)

Median age at entry 35 36

Distribution of primary events Tuberculosis (42%), other invasive bacterial diseases
(27%), death from any cause (23%), AIDS-defining
or non–AIDS-defining cancers (4%)

AIDS excluding cancer (28%), SNA conditions
excluding cancer (34%), cancer (28%)
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impaired T-lymphocyte function. Given the findings relating to
opportunistic infection cited above, it is therefore not surprising

that the risk of infection-related cancers, in particular, non-
Hodgkin lymphomaandKaposi sarcoma,was reducedbyearlier

a) All-cause deaths

b) AIDS-defining events

c) Cancer: AIDS and non-AIDS; infection-related and-unrelated 

d) Invasive bacterial infections*

*see O’Connor [  25] and TEMPRANO ANRS 12136 Study group [    16] (supplementary material) for the list

of events classified as serious/invasive bacterial infections. 

Fig. 1 Effect of early versus deferred antiretroviral therapy initiation on
clinical outcomes. a All-cause deaths. bAIDS-defining events. c Cancer:
AIDS and non-AIDS; infection-related and unrelated. d Invasive bacterial
infections. *See O’Connor [25•] and TEMPRANO ANRS 12136 Study
group [16••] (supplementary material) for the list of events classified as

serious/invasive bacterial infections. e Tuberculosis. f Cardiovascular
disease. *Cardiovascular disease was defined as myocardial infarction,
stroke, or coronary revascularization, in STARTand as stroke, pulmonary
embolism, dilated myocardiopathy, or deep vein thrombosis, in
TEMPRANO

Curr HIV/AIDS Rep (2018) 15:162–171 165



ARTinitiation inSTART[26•] (Fig.1).Asimilarbenefitwasalso
observed for infection-unrelated cancers albeit to a smaller ex-
tent. These analyses didnot show that increasingCD4+ lympho-
cyte countwas readily explaining the clinical benefit, implying a
more complex interaction in how immune function affects onco-
genesis. Other studies have also found a CD4+ lymphocyte gra-
dient of risk between both types of malignancies [27]. It is plau-
sible that earlier ART only affects de novo oncogenic transfor-
mation and not transformations already having occurred prior to
initiation of ART. Consistent with this hypothesis, the benefit
from earlier initiation ofARTon cancer risk only became appar-
ent approximately 12months into the study, whereas the benefit
on opportunistic infections occurred within 2–3 months [17••,
25•, 26•].With respect to lymphoma, an EBV-relatedmalignan-
cy, other mechanisms by which early ART initiation may have
reduced risk include a shift to a less oncogenic EBV latency
pattern [28, 29] and interference with HIV-associated lympho-
magenesis [29–31].

Cardiovascular Disease

Traditional as well as ART-related risk factors affect risk of car-
diovascular disease inHIV [32•]. Inflammatory and coagulation
markers (such as interleukin-6 andD-dimer) are associated with
an increased risk of HIV-related cardiovascular disease [33] and

all-causemortality [34], and thesemarkerswere loweredbyART
seen in both the SMART [35] and START [36] studies. Also,
ART initiation increases levels of HDL cholesterol [37•] and, as
a consequence,may lower cardiovascular disease risk.Thenum-
ber of cardiovascular endpoints in START and TEMPRANO
were too small to draw anydefinitive conclusions aboutwhether
early ART affects clinical CVD outcomes (Fig. 1). In part, this
reflects the young age groups enrolled in these two studied, and,
in part, it reflects the short follow-up. Both trials [37•, 38•] have
reported changes in traditional risk factors during follow-up, but
differences between the treatment groups were small and incon-
sistent for the risk factors considered. In a substudy embedded in
START, Baker and colleagues recently reported comparable
changes in arterial elasticity between the early and deferred
ART groups [39•]. These data indicate that earlier ART, despite
lowering inflammatory markers and increasing HDL-cholester-
ol, does not differ from deferred ART in measures of small and
large artery elasticity over 2–4years of follow-up.A longer-term
follow-up of the START study participants will be informative
with regard to risk of cardiovascular disease outcomes.

Kidney Function

Lower kidney function renders HIV+ persons at excess risk of
terminal kidney failure [40] and increased risk of

e) Tuberculosis

f) Cardiovascular disease *

*cardiovascular disease was defined as myocardial infarction, stroke, or coronary revascularization, in 

START and as stroke, pulmonary embolism, dilated myocardiopathy, or deep vein thrombosis, in 

TEMPRANO

Fig. 1 (continued)
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cardiovascular disease [41]. HIV directly induces impairment
of kidney function, in particular in persons carrying host ge-
netic traits rendering them susceptible (seen more frequently
in persons of black race) [42]. Conversely, several antiretrovi-
ral drugs adversely affect the organ [43•, 44], in particular if
the underlying risk of chronic kidney disease is high [44]. In
START, there was a modest improvement in estimated glo-
merular filtration rate in those starting ART earlier, in partic-
ular in persons of black race [45]. Long-term START follow-
up will also be informative to better define this.

Pulmonary Function

Studies of longitudinal lung function are sparse in HIV. Given
the high prevalence of smoking and potential adverse conse-
quences on bronchial and lung structures from uncontrolled
HIV-related inflammation in this body compartment, there is
an unmet need to improve this knowledge gap. Kunisaki and
colleagues conducted a large substudy (1026 participants) in
STARTassessing lung function at study entry [46] and follow-
up [47••]. At entry, there was a 7% prevalence of chronic
obstructive pulmonary disease, associated with smoking and
older age. Over follow-up, a more marked decline in lung
function was seen in smokers as expected (approximately 30
vs 25mL/year decline in FEV1), but earlier ART did not affect
this outcome irrespective of smoking status. Therefore, the
timing of ART initiation had no major short-term effect (pos-
itive or negative) on rate of lung function decline in HIV-
positive individuals who are naive to ART, with CD4 T cell
counts of more than 500/μL [47••].

Bone Mineral Density

ART initiation is known to deplete bone mineral density in
the first year of treatment [48], likely by reducing bone
turnover seen in untreated HIV [48]. This detrimental ef-
fect is of unknown clinical significance and is not clearly
associated with use of particular antiretroviral drugs. In
START, Hoy and colleagues conducted a substudy with
serial bone mineral density measurements [49•] .
Consistent with findings from other studies, initiation of
ART lead to a small (1.9–2.5%) but significant reduction
on bone mineral density of the hip and spine. Conversely,
recently published observational data suggest that
tenofovir DF—but not other antiretroviral drugs—may be
associated with excess risk of bone fractures in older per-
sons using the drug for extended periods of time [50]. The
possible clinical impact from replacing tenofovir DF with
other drugs remains to be clarified.

Neurocognitive Function

Prior studies suggest improvement of neurocognitive function
after initiation of ART [51], also in early HIV disease. Wright,
Price and colleagues conducted a substudy among 600 partic-
ipants in START [52] to test whether indeed earlier as opposed
to later initiation of ART led to such effect. Consistent with
earlier studies, preliminary data from this substudy did show
that neurocognitive function improved in the group
randomised to immediate initiation of ART. However, an im-
provement of similar magnitude was also observed in the
group randomised to deferred ART and while most remained
of ART in that group. The improvement, hence, is derived
from the methodology of assessing neurocognitive function
(learning effect) and not from early ART use per se.

HIV Transmission Benefit

Suppression of HIV replication—by use of ART—reduces the
risk of perinatal and sexual [53••, 54••] transmission. If HIV
RNA levels are durably suppressed, the risk of transmission
appears negligible. This societal benefit requires that the per-
son on ART also benefit from using this intervention—this
precondition is met for all HIV+ persons irrespective of stage
of their HIV infection, as per data reviewed above.
TEMPRANO researchers modelled data from that trial to as-
sess which level of risk compensation would off-set using
ART in all HIV+ persons to limit transmission, and found that
only extreme scenarios would do so [55]. To fully exploit this,
it is however required that all HIV+ persons are diagnosed and
placed and maintained on ART for life. Otherwise, those with
ongoing HIV replication will continue to be source of new
infections. In 2017, UNAIDS estimates that one in ten on
average of the 20 million HIV+ persons still not on ART
transmitted HIV in 2015. Additional preventive tools, includ-
ing pre-exposure prophylaxis, are likely needed to further con-
tain HIV transmission.

Conclusions

The question of when to start ART in the course of HIV
infection has been resolved. This effective intervention
should be initiated as soon as possible after the diagnosis of
HIV, as it reduces the risk of opportunistic infections, cancers
and onward transmission of HIV. By combining these bene-
fits (some of them of benefit to the individual and others to
public health), the numbers needed to treat for one of these
events to be avoided is less than 10. This is mainly driven by
reduced transmission risk. As for the clinical benefit to the
individual HIV+ persons, risk for disease progression is
small without ART, while the CD4+ lymphocyte count
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remains high. The numbers needed to treat for one to benefit
clinically is therefore larger, and mainly affected by older
age, higher HIV-RNA viral load and lower CD4:CD8 ratio.
A compelling argument for earlier initiation of ART is that
theART-preventable diseases are severe in nature and devel-
op in an unpredictable way.

There are areas of HIV infection where the evidence
base for earlier ART initiation is less clear, in particular
during acute infection and in chronically infected persons
with low HIV replication [56•]. This conundrum is mainly
due to the fact, that the randomised controlled trials were
unable to specifically address the potential clinical benefit
from using ART in these scenarios, as the number of pa-
tients from these subgroups enrolled was low. Other trials
are also not conclusive [57, 58]. In TEMPRANO and
START, there was no evidence that benefit varied by dura-
tion of infection or levels of HIV viral load at entry [16••,
17••]. As such, the available data do not suggest that ben-
efit (in relative terms) would be different irrespective of
HIV stage. In support of this, cellular and soluble bio-
markers suggest benefit across these subgroups. Despite
this, the uncertainty—especially in relation to those with
low untreated HIV RNA levels—calls for individualising
the decision on when to commence ART for these
individuals.

Given the clarification on when to start ART provided by
the evidence summarised here, there remain several chal-
lenges for the HIV medicine community to resolve. HIV con-
tributes to the inflammatory state of HIV+ persons which
predicts clinical outcome, and ART reduces this state to some
extent and has broad clinical benefit. However, it remains
unsolved whether adjunctive therapy with other anti-
inflammatory medical intervention is of additional clinical
benefit among those on ART with ongoing inflammation.
ART reduces the risk of opportunistic infections and cancers;
with a system biology characterisation (including microbiota
and host genetics) of large cohorts [59, 60], it may be possible
to further delineate the mechanisms by which ART prevents
these conditions from emerging. Finally, organ-specific SNA
conditions develop as part of a complex pathological process
and involves multiple risk factors (both demographic, behav-
ioural, host genetic and HIV-specific). Of the potentially mod-
ifiable processes, it would be of interest to understand which
are most influential and hence should be the targets for
prevention.
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