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Purpose of review

Clinical trials with an antiretroviral therapy (ART) interruption remains indispensable for assessing strategies
for ART-free HIV remission. This review highlights the lessons learned from ART interruption studies so far,
including the risks to the participants and implications for HIV remission.

Recent findings

Historically, analytic HIV treatment interruption (ATI) studies were commonly designed with a prolonged
duration of ART interruption and with viral load set point as the primary outcome. For a variety of reasons,
including participant risk, recent treatment interruption trials have frequently used time to viral rebound as
the primary endpoint and have restarted ART once a predetermined viral load threshold is reached.
Through treatment interruption trials, investigators have tested the efficacy of therapeutic and curative
strategies that showed promise in preclinical trials, including therapeutic vaccines, latency-reversing agents,
and broadly neutralizing antibodies. In most populations, ATl trials have been well tolerated, with few
adverse clinical events and no significant changes to the reservoir. Several reservoir predictors of HIV-
rebound timing have been reported, with a subset of trials uncovering posttreatment controllers who can
maintain HIV remission despite ART discontinuation.

Summary

Treatment interruption trials are a vital tool, but their optimal design remain uncertain and must balance
participant risks with scientific rigor. The ability to predict the timing or extent of HIV rebound and identify
mechanisms of posttreatment control may accelerate the development of novel therapeutics for sustained

HIV remission.
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INTRODUCTION

Antiretroviral therapy (ART) is effective in suppress-
ing HIV viral load and reducing immune activation,
but cannot eradicate the infection. There is intense
interest in developing strategies that can lead to
ART-free sustained HIV remission. Interventions
that appear promising in preclinical or early-phase
clinical studies will ultimately require validation
through analytic treatment interruption (ATI) stud-
ies. HIV ATI trials have demonstrated that for most
participants, plasma HIV rebound to detectable lev-
els occurs in the span of a few weeks (Fig. 1) [1**] and
ATI studies have been used to show that a sterilizing
cure for HIV is indeed possible [2]. ATI trials have
also been invaluable in testing the in-vivo efficacy of
strategies for sustained HIV remission. The field of
therapeutic vaccines serve as an illustrative exam-
ple. A wide range of therapeutic HIV vaccines have
been developed to enhance HIV-specific immune
responses; several have shown induction of anti-HIV
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responses and clinical efficacy in animal models [3-
5]. When tested in the context of human trials,
however, similar efficacy in delaying viral rebound
or altering viral load set point has not been demon-
strated [6-13,14,15%]. Although ATI trials are valu-
able, they are associated with possible risks to
participants and there is not yet consensus on the
optimal design of ATI studies. In this review, we
highlight key lessons learned from HIV ATI studies
to date, with an emphasis on the evolution of ATI
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KEY POINTS

e HIV treatment interruption trials have been a vital tool
in the evaluation of the efficacy of therapeutic vaccines,
LRAs, broadly neutralizing antibodies, and other
interventions for HIV remission that appear promising in
preclinical or early-phase clinical studies.

e Over the years, the design of treatment interruption
studies has undergone an evolution towards shorter
duration of freatment interruption and the use of timing
of viral rebound as the primary endpoint.

e There is ongoing debate over the design of HIV
treatment interruption trials, including the viral load
criteria for ART reinitiation, which must balance the
participant risks associated with prolonged viremia with
missing immune-mediated viral control that can occur
after initial HIV rebound.

e Several HIV reservoir predictors of HIV-rebound timing
have been reported; the identification of such
biomarkers could be used as surrogate endpoints in
preclinical and early phase studies to accelerate the
evaluation of HIV remission strategies.

e Treatment interruption trials have been instrumental in
the identification of HIV posttreatment controllers, but
the mechanisms behind their ability o maintain HIV
remission is largely unknown.

study designs over the past two decades, the poten-
tial risks to the participants, the search for predictors
of viral rebound timing, and the identification of
HIV posttreatment controllers.

a 1004
$ ®- VL <1000 copies/mL
/]
o 801 — VL <200 copies/mL
oy
3 604
w
0
=] o
3 40
[=]
—_
S 204
=
0 T T T T v J

o
N
E-
(=]
-]
—
o
-
N

Weeks Post-Treatment Interuption
% Suppressed VL <1000 copies/mL: 37% 11% 6%
VL <200 copies/mL:  31% 9% 6%
FIGURE 1. Cumulative percentage of participants who
maintained virologic suppression after treatment interruption

based on two viral load thresholds: 200 and 1000 HIV-1
RNA copies/ml [1*%].
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TREATMENT INTERRUPTION TRIALS AS A
THERAPEUTIC STRATEGY

Initially, HIV treatment interruption strategies were
attempted mainly as a means of reducing partici-
pant exposure to antiretrovirals, with the hope that
ATIwould reduce side-effects, prolong the durability
of the limited number of available regimens, and
possibly boost anti-HIV immune responses [16].
However, the Strategies for Management of Antire-
troviral Therapy (SMART) trial demonstrated that
prolonged, repeated, CD4 count-guided treatment
interruptions resulted in significantly increased risk
of opportunistic infections, non-AIDS-defining
events, and death [17]. Given these findings and
the availability of better tolerated and easier to take
antiretrovirals, treatment interruption as part of a
therapeutic strategy was largely abandoned.

TREATMENT INTERRUPTION TRIALS TO
TEST STRATEGIES FOR HIV REMISSION

As a mechanism to test immunologic HIV remission
strategies, ATI trials have often involved predeter-
mined lengths of treatment interruption (e.g. up to
24 weeks of treatment interruption) with variable
primary efficacy outcomes based on the proposed
mechanism of the intervention (e.g. the viral load
set point, CD4" cell count, or meeting criteria for
ART re-initiation) [6,10,18,19]. Through these trials,
modest reductions in viral loads have been detected
in a few therapeutic HIV vaccination studies
[6,12,20-23], but their clinical impact remains
uncertain.

A recently introduced treatment interruption
study design has been termed the intensively moni-
tored antiretroviral pause (IMAP), where time to
viral rebound would be used as the primary end-
point and ART is restarted as soon as the viral load
has reached a predetermined threshold [24]. IMAP
studies showed that allogeneic stem cell transplan-
tation without CCRS-defective donor cells can sig-
nificantly delay viral rebound, but does not lead to
long-term HIV remission [25]. IMAP studies have
also been used to assess the impact of HIV broadly
neutralizing antibodies (bNAbs). For example, pas-
sive infusion of either of the CD4-binding site-tar-
geting bNAbs, VRCO1 or 3BNC117 were found to
significantly delay the timing of viral rebound,
while exerting strong selective pressure on HIV-1
emerging from latent reservoirs [26,27]. Finally,
IMAP trials have been used to test both latency-
reversing agents (LRAs) [28], therapeutic vaccines
[15%,29] and combinations thereof [30,31], showing
modest effects on the timing of viral rebound. There
is ongoing debate over the optimal viral load
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threshold for ART restart, which must balance the
participant risks associated with prolonged viremia
with missing immune-mediated viral control that
can occur after initial HIV rebound.

RISKS OF ANTIRETROVIRAL THERAPY
INTERRUPTION

When firstintroduced, ART interruption studies were
performed to assess the benefits of reduced ART
exposure on disease progression and clinical events,
especially in the era of more toxic and less effective
ART. In the SMART study, the use of episodic ART
guided by CD4" count was associated with an
increased risk of opportunistic disease or death
[17]. However, there are important aspects of the
SMART study that are not part of modern HIV ATI
studies, including repeated cycles of prolonged ART
interruption with limited monthly laboratory moni-
toring. Additional safety concerns for participants
undergoing ATIs include the expansion of the HIV
reservoir [32], HIV transmission to partners [33],
immune activation/damage [34,35], acute retroviral
syndrome [36], HIV rebound in the central nervous
system [37] and emerging drug resistance, predomi-
nantly in participants on nonnucleoside reverse-
transcriptase inhibitor (NNRTI)-based ART regimens
[25]. There are ways to mitigate the risks of treatment
interruption studies. First, a secondary analysis of
SMART participants with preserved CD4" counts
demonstrated that short-term treatment interrup-
tion of 16 weeks was not associated with significant
increases in clinical events [38]. This finding is sup-
ported by reports from other ATI trials reporting
excellent safety records with short-term treatment
interruption [6,10,18,19]. In addition, the duration
of participant exposure to high-level viremia is fur-
ther limited by the IMAP study design with time to
viral rebound as the primary outcome and reinitia-
tion of ART with return of viremia. IMAP studies that
have been performed with participants on a protease
inhibitor or INSTI-based ART have so far been found
to be well tolerated and without evidence of emerg-
ing drug resistance [15%,39,40]. Importantly, recent
reports suggest that short-term treatment interrup-
tion does not lead to significant expansion of the HIV
reservoir or prolonged immunologic consequences
after ART reinitiation [40,41",42,43].

It should be noted that there are circumstances
that may increase participant risks during an ATI. As
an example, Henrich et al. described two patients
with lymphoma, both of who underwent allogeneic
stem cell transplantation (HSCT). Both patients
were found to have successful engraftment of the
donor immune cells and undetectable HIV reser-
voirs after HSCT despite extensive sampling [44].
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After discontinuing ART, the two patients remained
aviremic for 12 and 32 weeks, but both experienced
subsequent high-level viral rebound and symptoms
consistent with the acute retroviral syndrome. In
addition, one patient was found to have emergent
drug resistance mutations in the setting of subopti-
mal ART adherence. However, it is important to note
that the posttransplant immune systems for these
two patients were functionally-naive to HIV and the
rapid rebound observed was akin to that seen in
acute HIV infection. This would not be expected to
be the case for most participants treated either in
early or chronic HIV infection. In fact, treatment
interruption studies of individuals treated during
Fiebig 1, the earliest stages of acute HIV infection,
have observed a very low rate of acute retroviral
rebound syndrome [45]. In children, the effect of
brief treatment interruption on the HIV reservoir is
still uncertain, especially given the prolonged decay
of the HIV reservoir with uninterrupted ART [46].

BIOMARKER PREDICTORS OF HIV
REBOUND

The identification of HIV viral load as a biomarker
predictor of HIV disease progression and therapeutic
efficacy of ARVs was a major advance for the field
[47,48]. The use of HIV viral load as a surrogate
endpoint for clinical trials of ARV efficacy signifi-
cantly accelerated the development of new anti-HIV
therapeutics. A corresponding biomarker predictor
of HIV rebound timing and posttreatment control
after treatment interruption may similarly acceler-
ate the development of strategies for HIV remission.
Such a biomarker could be used as a surrogate end-
point for preclinical and early-phase trials to assess
which interventions have sufficient potential to
advance into treatment interruption trials. Several
such biomarker predictors have been identified
so far.

In a pooled analysis of ACTG treatment inter-
ruption trials, participants who initiated ART during
acute/early HIV infection and those on a NNRTI-
containing regimen had significantly delayed viral
rebound [1*%]. Higher CD4 nadir, longer ART dura-
tion, and shorter duration of HIV infection have also
been associated with modest delays in rebound
timing [39]. A smaller HIV reservoir size has also
been associated with delayed viral rebound. In the
SPARTAC trial of early-treated participants, total
HIV DNA levels were associated with time to viral
rebound [49] and low baseline integrated HIV DNA
level were significantly associated with viral load set
point during treatment interruption in the Swiss—
Spanish intermittent treatment trial (SSITT) [50]. In
addition, viral remission for more than 7 months
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was described in an individual who initiated ART
during extremely early infection [51"]. Furthermore,
the level of the expressed HIV reservoir as measured
by cell-associated HIV RNA were also associated with
delayed viral rebound after treatment interruption
[15%,20]. Additional data supporting the assertion
that reducing the HIV reservoir can delay HIV
rebound are from reports of patients undergoing
hematopoietic stem cell transplantation [25,527].
Henrich et al. reported two Boston SCT patients
who had at least 3 log;o reduction in the number
of circulating cells harboring HIV proviral DNA after
transplantation. Although most HIV-infected indi-
viduals will experience plasma viral rebound in a few
weeks after ART discontinuation, these two patients
did not have HIV rebound until 3 and 8 months after
treatment interruption, despite harboring an
immune system that was functionally naive to
HIV [25]. A second report showed similar findings
in a patient who achieved HIV remission for more
than 9 months after the stem cell transplant [527].
However, this data also suggests that sustained HIV
remission is unlikely to be achieved in the absence
of complete eradication of the reservoir, CD4" cells
resistant to HIV infection, or a robust anti-HIV
immune response. There is also some evidence that
the host immune response can alter HIV-rebound
dynamics after treatment interruption [6,53,54],
although not all responses have been predictive
[55], and this area remains relatively under-
explored.

THE IDENTIFICATION OF
POSTTREATMENT HIV CONTROLLERS

Treatment interruption studies have also been
instrumental in identifying individuals who are able
to maintain HIV suppression after ART discontinu-
ation, a population known as posttreatment con-
trollers (PTCs). These individuals have been most
commonly identified from individuals who initi-
ated ART during acute/early HIV infection
[15%56-60] or during early infancy [61,62],
although they can also be identified in those who
initiated ART during chronic infection [63,64]. The
most comprehensive published assessment of HIV
controllers so far has been through the VISCONTI
cohort, which found that PTCs have a smaller HIV
reservoir and compared with spontaneous HIV con-
trollers, they maintain HIV suppression largely
without protective human leukocyte antigen
(HLA) alleles [59], and have detectable polyfunc-
tional HIV-specific T cells [65]. However, our under-
standing of how PTCs achieve sustained HIV
remission is largely incomplete due to how rare it
is to identify these participants through any one
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research center or clinical trial. Although efforts are
underway to identify PTCs [65], a concerted inter-
national collaboration is needed to identify the
determinants of posttreatment HIV control.

CONCLUSION

HIV treatment interruption trials have been a vital
tool in the evaluation of the efficacy of therapeutic
vaccines, LRAs, bNabs and other interventions.
Given the diverse portfolio of HIV curative strategies
under development, such trials are only expected to
rise in importance. Over the years, the design of
treatment interruption studies has undergone an
evolution towards shorter duration of treatment
interruption and the use of timing of viral rebound
as the primary endpoint. This reflects the ethical
considerations of such studies [66], which weighs
participant risk with a sufficiently robust testing of
interventions for sustained HIV remission. How-
ever, the optimal design of HIV treatment interrup-
tion studies remains unclear, with controversies
surrounding the appropriateness of a placebo arm
and the ART restart criteria. Although the timing of
HIV rebound has been well characterized and rela-
tively uniform for individuals who initiated ART
during chronic infection, there is far more uncer-
tainty for those who initiated ART during acute/
early infection as they are far more likely to become
posttreatment controllers, complicating the inter-
pretation of uncontrolled trials. Although treatment
interruption trials are increasingly using the timing
of viral rebound as the primary endpoint, the opti-
mal viral load threshold for ART reinitiation has not
been defined and will likely depend on the type of
intervention. For example, therapeutic vaccines and
other strategies that rely on a robust, but delayed
immune response to rebounding virus may best be
evaluated in trials that allow higher and more pro-
longed duration of viremia [12]. In addition, a lower
viral load threshold for ART reinitiation may reduce
participant risk, but will also likely fail to identify a
subset of posttreatment controllers who exhibit
transient viral rebound prior to subsequent viral
control [64]. Furthermore, there remains uncer-
tainty over the appropriate intensity of viral load
monitoring after treatment interruption and
whether the partners of participants should provide
informed consent and/or be provided with preex-
posure prophylaxis if they are HIV uninfected. In
the end, the design of treatment interruption trials
will likely need to be tailored to the specific inter-
vention and the risks involved. Tackling these deci-
sions will require a collaborative effort with input
from all stake-holders, including academia, industry
and the community. Finally, the identification of
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biomarker predictors of viral rebound kinetics and
uncovering the mechanisms behind posttreatment
control may accelerate the development of novel
therapeutics for sustained HIV remission.
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