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Abstract
Introduction: To assess the effectiveness of novel HIV curative strategies, “cure” trials require periods of closely monitored
antiretroviral therapy (ART) analytical treatment interruptions (ATIs). We performed a systematic review and meta-analysis
to identify the impact of ATI with or without novel therapeutics in cure-related studies on the time to viral re-suppression
following ART restart.
Methods: Medline, Embase and Web of Science databases were searched for human studies involving ATIs from 1 January
2015 till 22 April 2024. The primary outcome was time to first viral re-suppression (plasma HIV viral load [VL] <50 copies/ml)
stratified by receipt of interventional drug with ATI (IA) or ATI-only groups. Random-effects proportional meta-analysis and
multivariable Cox proportional hazards analysis were performed using R.
Results: Of 1073 studies screened, 13 were included that met the inclusion criteria with VL data available after restarting
ART (n = 213 participants). There was no difference between time to viral suppression in IA or ATI-only cohorts (p = 0.22).
For 87% of participants, viral suppression within 12 weeks of ART restart was achieved, and all eventually had at least one VL
<50 copies/ml during follow-up. After adjusting for covariables, while participants in the IA cohort were associated with less
rapid suppression (adjusted hazard ratio [aHR] 0.61, 95% CI 0.40–0.94, p = 0.026), other factors include greater log VL at
ART restart (aHR 0.56, 95% CI 0.46–0.68, p<0.001), duration since HIV diagnosis (aHR 0.93, 95% CI 0.89–0.96) and longer
intervals between HIV VL monitoring (aHR 0.66, 95% CI 0.59–0.74, p<0.001). However, the use of integrase inhibitors was
associated with more rapid viral suppression (aHR 1.74, 95% CI 1.16–2.59).
Discussion: When designing studies involving ATIs, information on time to viral re-suppression after restarting ART is impor-
tant to share with participants, and should be regularly monitored and reported, to assess the impact and safety of specific
trial interventions in ATI studies.
Conclusions: The majority of participants achieved viral suppression after restarting ART in ATI studies. ART regimens con-
taining integrase inhibitors and frequent VL monitoring should be offered for people restarting ART after ATI studies to
ensure rapid re-suppression.
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1 INTRODUCT ION

Antiretroviral therapy (ART) has dramatically improved sur-
vival for the 40 million people living with HIV globally; how-

ever, ART alone cannot cure HIV infection. Drawbacks to
current ART still include adherence requirements, uncertain
long-term safety profiles, treatment fatigue, drug resistance,
cost and challenges to sustained delivery through healthcare
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systems [1]. Therefore, the search for safe, effective longer-
acting treatment, or long-term remission strategies for HIV
remains a priority.

Without a validated marker available for predicting the
effectiveness of HIV remission and cure strategies, analytical
treatment interruption (ATI) of ART remains the only method
to do so. ATIs are defined as closely monitored and usu-
ally temporary interruptions of ART during a study to assess
markers of immunological and viral reservoir control. While
recommendations are available for conducting studies involv-
ing ATIs [2], there is often considerable heterogeneity in the
criteria used to re-start ART; however, recent studies involv-
ing ATIs were often of shorter duration, more intensely mon-
itored and had more conservative viral load (VL) thresholds
to restart ART [3]. A systematic review and meta-analysis
reported that studies with more frequent VL monitoring, high
baseline CD4 counts and undetectable VLs were safe with
negligible risk of adverse events (0%, 95% CI 0–1%) or devel-
opment of ART drug resistance (0%, 95% CI 0–1%) [4].

Although safety data are routinely available during the
period of ATI in clinical trials, there is often limited data or
recommendations on viral re-suppression rates following ART
reinitiation after ATI. Studies have reported that the reservoir
containing total and replication-competent HIV remains sta-
ble following short periods of ATI [5–7], but the small sam-
ple sizes and short duration of ATI may limit the generaliz-
ability of their findings to larger studies with longer periods
of treatment interruption. It also remains unclear what effect
novel immunotherapeutics such as broadly neutralizing anti-
bodies (bNAbs) have on the HIV reservoir following ATI [6],
one study suggests that bNAbs were associated with a mod-
est reduction in the intact proviral reservoir [8]. For partici-
pants living with HIV and their healthcare providers, the con-
cerns of onward HIV transmission remain the greatest con-
cern when considering participating in clinical trials involving
ATIs [9], and data to demonstrate the safety and ability to
achieve viral suppression after restarting ART in ATI studies
are paramount to addressing these concerns.

In this systematic review and meta-analysis, we analysed
recent studies to determine the proportion of people liv-
ing with HIV participating in ATI cure-related clinical stud-
ies, who achieve viral suppression following ART re-initiation.
We assessed the impact of receiving any trial interventions on
viral re-suppression rates compared to undertaking ATI with-
out interventions (ATI only), as well as other participant char-
acteristics and trial-design factors associated with the time to
viral re-suppression.

2 METHODS

2.1 Search strategy and selection process

A structured systematic literature search of the Medline,
Embase and Web of Science databases was performed, an
initial search on 2 March 2023, and an updated literature
search on 22 April 2024. Two reviewers (ME and MJL) read
and ascertained the relevance of the studies independently.
Discordant results were adjudicated by a third reviewer (SF).
The full protocol was registered on Prospero registry (Reg-
istration Number CRD42023403809) and followed the rec-

ommendations from the PRISMA statement (Table S1). Full
search terms and results from the final literature search are
available in Tables S2–S5.

2.1.1 Inclusion criteria

Clinical studies with an ATI were included. An ATI was defined
as a protocol-determined temporary pause in ART with a
viral rebound and regular VL measurements. Only studies
with viral suppression data after ART restart were included,
defined as studies with plasma VL measurements for par-
ticipants until at least one VL <50 copies/ml. Frequency of
VL monitoring, originally defined as at least fortnightly in
the original inclusion criteria on the Prospero registry, was
dropped to increase the number of studies available and allow
analysis of the association of frequency of VL monitoring on
the time to VL suppression and all studies with at least one
VL measurement post-ART were included.

2.1.2 Exclusion criteria

Any studies prior to 2015, pre-prints, abstracts, letters,
reviews, commentary articles, opinion articles, animal stud-
ies and in vitro studies were excluded. This timeframe was
selected to include studies that included integrase inhibitors.
Studies with children and adolescent participants (<18 years
old) were excluded, and stem cell transplant recipients were
also excluded due to the unique characteristics of partici-
pants and distinct mechanism of action featuring potentially
fatal toxicities, their inclusion potentially impacting on the
generalizability of the study findings. Studies where VL mea-
surements were not available after restarting ART were not
included.

2.2 Primary outcome

The time taken to viral suppression <50 copies/ml following
ART restart after ATI, stratified by cohorts receiving interven-
tion and undertaking ATI, or undertaking ATI only.

2.3 Secondary outcomes

Proportion of participants who experienced viral suppression
<50 copies/ml by week 12 after ART restart. Other factors
associated with time to viral suppression were analysed using
both a univariable and multivariable Cox proportional haz-
ards regression model. Covariables include plasma HIV VL at
ART restart, nadir CD4 count, CD4 count at study enrolment,
duration since HIV diagnosis, ART regimens, duration of ATI
and frequency of HIV VL monitoring after restarting ART.

2.4 Data extraction

Extracted data included VL measurements during ATI and
after ART restart, participant demographics, HIV-associated
disease characteristics (nadir and baseline CD4 counts, dura-
tion since HIV diagnosis, virus clade, presence of ART
resistance-associated mutations), ART regimens restarted,
ART restart criteria, interventions received during study and
any adverse events including development of drug resistance
during and after ATI.
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2.5 Data collection process and synthesis
strategy

ME extracted the data and MJL was responsible for verifi-
cation of the extracted data. If data were not available from
published manuscripts or associated supplementary material,
these data were requested from the corresponding study
author.

2.6 Assessment of quality and bias

As viral re-suppression rates were not included in the pri-
mary or secondary outcomes of these studies included, they
were unlikely to drive publication bias on the basis of whether
participants achieve viral re-suppression after restarting ART.
Thus, a formal publication bias assessment was not performed
beyond a funnel plot assessment presented in Figure S2.

The modified Newcastle Ottawa scale [10] and Cochrane
Risk of Bias 2 (ROB2) tool [11] were used to assess the qual-
ity and bias of non-randomized studies and randomized con-
trolled trials (RCTs), respectively. The Grading of Recommen-
dation, Assessment, Development and Evaluation [12] classi-
fication was used to evaluate the overall quality of evidence.
Two reviewers (ME and MJL) independently assessed bias
within each study. Differences were adjudicated by a third
reviewer (SF).

2.7 Statistical analysis

All analyses were performed using (R version 4.2.2 (2022-
10-31)) [13]. A Kaplan−Meier curve was plotted stratified by
IA or ATI-alone subgroups to display time-to-viral-suppression
results of all study participants. Multivariable time-to-event
analysis was undertaken using the Cox proportional-hazards
model to examine the effects of different demographics, HIV-
related and study-related characteristics on the hazard risk
(HR) of achieving viral suppression over time. A forward step-
wise model approach for variable selection was performed,
and variables were included in the multivariable model if there
was a univariable association below the threshold of p = 0.3.
The variables included in the univariate and the final multi-
variate models are presented in Table 3.

A random effects meta-analysis was performed using the R
package “meta” [13, 14], and the Higgins I2 test was used to
calculate study heterogeneity. Participants from studies with
multiple arms were pooled within cohorts undertaking IA or
ATI-only protocols and treated as separate cohorts for the
proportional meta-analysis. A stratified meta-analysis of pro-
portion effect estimates (ES) compared participants in the IA
subgroup with participants in the ATI-alone subgroups, and
results were presented in forest plots and pooled ES with
95% confidence intervals, using χ2-squared test to assess for
subgroup differences.

A sensitivity analysis was performed to assess the weight
of the effect of bNAbs alone compared to all interventions
received. Participants who received any other interventional
therapies apart from bNAbs were excluded, and the Cox
proportional-hazards model was repeated.

3 RESULTS

Of 1073 papers screened under the search terms, the ini-
tial search resulted in 22 studies involving ATIs in their
study design which met all inclusion and exclusion criteria [8,
15–35], and the updated literature search revealed a further
study [36], resulting in 23 studies in total. Of these stud-
ies, 13 studies published or communicated sufficient data for
inclusion in this systematic review (Figure 1). Authors from
the remaining 10 studies were contacted but were unable to
provide the necessary VL data following ART restart within
the timeframe requested, and these studies were excluded
from the meta-analysis as per the exclusion criteria. Charac-
teristics and study design of the 23 studies are summarized
in Table 1.

3.1 Characteristics of the studies included in the
meta-analysis

This meta-analysis included three observational studies and
10 interventional studies, of which six were RCTs and four
were non-randomized trials. The interventions studied include
bNAb in seven studies [8, 16–20, 36], and individual studies
involving HIV vaccines [33], latency reversal agents only [22]
and CCR5 gene-edited T-cell infusions [21]. The three obser-
vational studies were of participants undertaking ATIs only
without any intervention [15, 23, 24].

The exact criteria to restart ART differed between stud-
ies; however, it was determined by plasma HIV VL in all
studies (Table 1), with additional criteria based on CD4
thresholds, safety concerns or participant/investigator prefer-
ences. Notably, two studies had a much higher VL threshold
(>100,000 copies/ml over 1 and 3 weeks, respectively) for
ART restart than the other included studies [21, 36]. After
the resumption of ART, six studies monitored the VL either
weekly or fortnightly, two studies monitored participants’ VL
monthly, and two measured VL at weeks 4 and 12 post-ART
restart. There were two studies which did not state in their
manuscripts how often VL would be monitored after ART was
resumed [15, 20].

3.2 Study participant demographics

A total of 213 participants underwent ATI from the 13
included studies in this meta-analysis. The median age at
enrolment was 41 years (range 19−68) and of those studies
with sex demographics available, 182 (91.5%) were male, 17
(8.5%) female and 1 (0.5%) transgender female. Median time
from HIV diagnosis to enrolment was 5.5 years (range 0–37).
Median CD4 count at study enrolment was 706 cells/μl (range
320−2156). Characteristics of study participants undergoing
ATI by studies are presented in Table 1.

There were 27/213 (12.7%) participants who did not expe-
rience an undetectable VL by week 12 after restarting ART.
Table 2 summarizes the characteristics of participants who did
not experience viral suppression by week 12. Of these par-
ticipants, 20 had received an interventional study drug (eight
bNAbs, three bNAbs with TLR-9 agonist, four TLR-9 ago-
nist, five CCR5-edited CD4 T cells with or without cyclophos-
phamide and one who received romidepsin only) and seven
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Figure 1. Flow chart of the study selection process.

underwent ATI-only protocols. They were almost all male
(26/27), and the median age was 51 years old (range 31–
62). Due to the frequency of VL monitoring after restarting
ART, it is possible that nine participants may have achieved
undetectable VL results within 12 weeks of restarting ART
if monitored more frequently. Of the remaining 19 partici-
pants with detectable VL results >50 copies/ml beyond 12
weeks, they often had higher plasma VL at the time of ART
restart (median 74,900 copies/ml, range 12,251–5,610,000
copies/ml), and 7/19 restarted on ART regimens not contain-
ing integrase inhibitors (Table 2). There was one individual

(807) who did not demonstrate persistent viral re-suppression
and experienced ongoing low-level viraemia (VL range 44–710
copies/ml) beyond 12 weeks, with only one VL result <50
copies/ml at day 471 after restarting ART.

There were no adverse events reported in the included
studies related to restarting ART after the ATI.

3.3 Multivariable time-to-event analysis

There was no difference in time to viral suppression
between participants in the IA group compared to those who
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Figure 2. Kaplan−Meier plot of the proportion of participants with undetectable plasma viral loads (<50 copies/ml) following ART restart after
ATI (weeks). Kaplan−Meier survival plot of the proportion of participants with suppressed plasma viral load <50 copies/ml against time in
weeks. The red line represents participants undergoing ATI-only protocols, and the blue line represents participants who received an interven-
tional study drug with ATI as part of their study protocol. The red and blue shaded areas represent the 95% confidence intervals of their
respective lines. Large changes in proportions at weeks 4 and 12 reflect study protocols where monitoring was undertaken only at these times
after restarting ART. The table below shows the numbers at risk at 4-weekly intervals stratified by receipt of interventional study drug with ATI
or ATI-only protocols. Datapoints are censored past week 32. Abbreviations: ART, antiretroviral therapy; ATI, analytical treatment interruption;
VL, viral load.

underwent ATI alone (p = 0.22) (Figure 2). When additional
variables were adjusted for in a Cox proportional-hazards
model (Table 3), participants in the IA group were less likely
to achieve viral suppression compared to those undergoing
ATI alone (adjusted hazard ratio [aHR] 0.61, 95% CI 0.40–
0.94, p = 0.026). A greater plasma HIV VL at ART restart
(log copies/ml) (aHR 0.47, 95% CI 0.38–0.59, p<0.001), a
longer interval between VL measurements after restarting
ART (aHR 0.60, 95% CI 0.52–0.68, p<0.001) were associated
with less likelihood of achieving viral re-suppression over
time, and the use of integrase inhibitors containing regimens
was associated with greater likelihood of achieving viral sup-
pression over time (aHR 1.88, 95% CI 1.25–2.82, p = 0.002).
There was also a small effect associated with the duration
since HIV diagnosis (aHR 0.93, 95% CI 0.90–0.97, p <0.001).
All participants in the included studies eventually achieved

at least one VL reading <50 copies/ml after restarting ART
(range 12.6−67.3 weeks).

In the sensitivity analysis, there was a non-significant trend
towards more rapid time to viral suppression for participants
who receive bNAbs without any other interventions compared
to those undergoing ATI alone (p = 0.055) (Figure S1). How-
ever, this trend was reversed once adjusted for covariables
(aHR 0.0.28, 95% CI 0.16–0.51, p = <0.001). Other covari-
ables associated with time to viral suppression were consis-
tent with the primary outcome analysis. (Table S4).

3.4 Meta-analysis

The pooled proportion of participants who experienced viral
suppression <50 copies/ml within 12 weeks of restarting ART
after an ATI was 86% (95% CI 77−92%) (Figure 3). There was
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Table 3. Multivariable Cox proportional-hazards regression model

Univariable Multivariable

N (%)/Mean (SD) HR 95% CI p-value HR 95% CI p-value

Patient characteristics

Age (years) (per 10-year

increase)

41.7 (10.7) 0.80 0.70–0.91 0.001 0.97 0.81–1.15 0.719

Sexa

Female (Ref) 17 (8.5%)

Male 182 (91.5%) 0.70 0.43–1.16 0.171 0.72 0.40–1.31 0.282

HIV-related characteristics

Plasma HIV viral load at

ART restart (log

copies/ml)

4.4 (0.9) 0.56 0.48–0.66 <0.001 0.56 0.46–0.68 <0.001*

Nadir CD4 (per 100

cells/μl increase)

544.6 (287.5) 1.00 0.94−1.06 0.914

CD4 at study enrolment

(per 100 cells/μl

increase)

777.3 (299.8) 0.95 0.91−1.00 0.039 0.96 0.91–1.01 0.155

Duration since HIV

diagnosis (years)

7.4 (7.4) 0.97 0.95 0.99 0.008 0.93 0.89–0.96 <0.001*

ART regimen containing integrase inhibitors

No (Ref) 52 (24.5%)

Yes 161 (75.5%) 1.19 0.86–1.63 0.286 1.74 1.16–2.59 0.007*

Study characteristics

Duration of ATI in weeks 9.9 (8.1) 1.00 0.99 – 1.02 0.830

Frequency of HIV VL

monitoring between

ART restart and viral

suppression (weeks

between visits)

3.4 (2.1) 0.73 0.67–0.79 <0.001 0.59 0.52–0.68 <0.001*

Study type

ATI only (Ref) 63 (29.6)

IA 150 (70.4) 1.18 0.88–1.58 0.279 0.61 0.40–0.94 0.026*

Note: Significant results are marked by *.
Abbreviations: ART, antiretroviral therapy; ATI, analytical treatment interruption; HR, hazard ratio; IA, intervention with ATI protocol; Ref, ref-
erence category.
aA transgender participant was not included in the multivariable analysis due to n <5.

a moderate degree of heterogeneity present across all studies
(I2 = 45%, p = 0.02). There was no difference between par-
ticipants who underwent IA compared to ATI-alone (87% vs.
84%, p = 0.68).

3.5 Assessment of study quality and bias

The modified Newcastle Ottawa scale [10] was used to assess
for bias in the single-arm cohort and observational stud-
ies (Table 4). All studies had a predominantly male popula-
tion, with strict co-morbidities exclusion criteria. Three stud-
ies with longer follow-up intervals (monthly or greater) were
considered likely to introduce a bias for obtaining the pri-
mary outcome (Table 4). Bias was assessed for RCTs using
the Cochrane ROB2 tool [11] and four studies assessed raised

some concerns for bias raised in domain 3 (missing outcomes
data) and domain 4 (measurement of the outcome) due to the
limited VL monitoring following ART restart likely contribut-
ing to bias in the time to achieving viral suppression, due to
the knowledge of intervention arms that may influence the
frequency of monitoring following ART restart, respectively
(Table 4).

Although the funnel plot showed asymmetry in the pub-
lications (Figure S2), this is unlikely to be due to publica-
tion bias as discussed earlier. Alternative explanations may
include participants demonstrating late viral suppression asso-
ciated with high VLs prior to restarting ART, lower rates
of integrase inhibitor use and infrequent VL monitoring
which led to their outlier positions with low standard error
rates.
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Figure 3. Forest plots of primary outcome events stratified by receipt of intervention with ATI or undergoing ATI-only protocols. Studies are
identified by the name of the first author, journal and year of publication. Primary outcome events were defined as participants who experi-
enced viral suppression with plasma HIV viral load <50 copies/ml) by week 12 after restarting ART. Study weights (%) are from the random-
effects analysis and represented by individual box sizes. The dashed line represents the overall proportion of primary outcome events across
all participants. Abbreviations: ATI, analytical treatment interruption; CI, confidence interval.

4 D ISCUSS ION

This is the first systematic review and meta-analysis to eval-
uate the impact of ATIs and interventional therapeutics on
the time to viral suppression for participants living with HIV
enrolled in cure-related ATI studies. Overall, there was no dif-
ference in time to viral suppression after ATI with or without
the receipt of interventional drugs. All participants achieved at
least one VL <50 copies/ml, and 87% of participants did so by
12 weeks following ART restart. With current evidence indis-
putably demonstrating zero risk of sexual transmission when
the plasma HIV VL is below 200 copies/ml, and near-zero risk
below 1000 copies/ml [37–39], the findings of this systematic
review provide important reassurance for people considering
participation in ATI studies and the impact on subsequent viral
suppression.

After adjustment for covariables that impact viral suppres-
sion, the receipt of interventional therapeutics appeared to be
associated with a longer time to viral re-suppression, which
comprised of bNAbs in the majority of studies included. How-
ever, this difference appeared to be negated by the use of
integrase inhibitors resulting in no overall difference between

IA and ATI-only cohorts. Other factors that were associated
with longer time to viral suppressions were identified in this
study, including a greater plasma VL at the time of ART
restart, supporting the inclusion of integrase inhibitors when
restarting ART at high VL for rapid re-suppression [40], par-
ticularly if they were previously taking ART regimens with a
lower barrier to ART resistance.

To explain these findings, there may be hypothetical con-
cerns of novel immunotherapeutics that might stimulate clonal
expansion of T cells and active replication of their associ-
ated HIV reservoir, leading to persistent viraemia. Latency
reversal agents such as romidepsin have been shown to
induce detectable viraemia in people living with chronic HIV
with previously suppressed VLs, through the activation of
replication-competent proviral reservoir [41]. Immune check-
point inhibitors may also increase HIV-specific CD8 T cell
activity and concurrently activate HIV transcription leading
to transient increases in plasma HIV viraemia [42]. A similar
vaccine-like or “vaccinal” effect may be elicited by bNAbs or
their immune complexes through the priming of HIV-specific
cellular responses, which may result in activation of HIV
transcription within the expanded clonal T cell populations
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Table 4. Quality and risk of bias assessment

Non-randomized studies

Modified

Newcastle-Ottawa Score

Representa-

tiveness of the

cohort

Ascertainment

of exposure

Outcome was

not present at

the start

Assessment

of outcome

Adequate

follow-up

duration

Loss-to

follow-up

accounted

for Total

Mendoza et al.

Nature 2018

0 1 1 1 1 1 5

Scheid et al.

Nature 2016

0 1 1 1 1 1 5

Cohen et al.

J Exp Med 2018

0 1 1 1 1 1 5

Castagna et al.

J Antimicrob Chemother

2019

0 1 1 1 0 1 4

Tebas et al.

J Clin Invest 2021

0 1 1 1 0 1 4

De Scheerder et al.

Cell Host Microbe 2022

0 1 1 1 1 1 5

Pannus et al.

J Int AIDS Soc 2020

0 1 1 1 0 1 4

Randomized studies

Risk of Bias 2 score

domains

1.

Randomization

process

2. Deviations

from intended

interventions

3. Missing

outcome data

4. Measure-

ment of the

outcome

5. Selection

of the

reported

result Overall

Bailón et al.

Nat Med 2022

Low risk Low risk Some concerns Some

concerns

Low risk Some

con-

cerns

Gaebler et al.

Nature 2022

Low risk Low risk Some concerns Some

concerns

Low risk Some

con-

cerns

Gruell et al.

Lancet Microbe 2022

Low risk Low risk Low risk Low risk Low risk Low risk

Gunst et al.

Nat Med 2022

Low risk Low risk Some concerns Some

concerns

Low risk Some

con-

cerns

Gunst et al.

Nat Med 2023

Low risk Low risk Some concerns Some

concerns

Low risk Some

con-

cerns

Kroon et al.

J Virus Erad 2020

Low risk Low risk Low risk Low risk Low risk Low risk

Note: Modified Newcastle-Ottawa Score: Each score represents the number of stars given per category, to a maximum NOS score of 6 for
a well-designed study with minimal or no bias and 0 for a flawed study with substantial bias across all domains. Green cells highlights the
domains or overall scores with low risk of bias, and yellow cells highlights domains or overal scores with some concerns of bias.

within this “vaccinal effect.” [43] However, a recent systematic
review [4] reported that studies involving ATIs were not asso-
ciated with the development of ART resistance, nor did the
administration of immunotherapeutics, such as bNAbs, iden-
tify any safety concerns. The proportion of participants expe-
riencing viral suppression by week 12 also reflect data from

people living with HIV who are treatment-naïve and starting
integrase-based ART for the first time [44, 45]. bNAbs were
administered during ART-mediated viral suppression in most
of the included studies in this analysis, and were unlikely to
explain the trend to a more rapid viral re-suppression rate in
the bNAb sensitivity analysis.
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The strength of this meta-analysis includes a robust sys-
tematic search strategy, completeness of the dataset to allow
multivariable Cox proportional-hazards analysis at an indi-
vidual level and minimizing heterogeneity of the study data
by tightening the search criteria to only studies after 2015,
where ART regimen choices, in particular the use of integrase
inhibitors, which have been demonstrated to result in more
rapid viral suppression [44, 45], are likely to be similar across
ATI studies. Furthermore, since 2019, recommendations from
a consensus meeting on the conduct of ATI studies have
been published [2], which may influence greater homogene-
ity across study designs involving ATIs in the future. Most
ATI studies now recommend that participants who are on
a non-nucleoside reverse transcriptase inhibitors (NNRTIs)-
based ART regimen should be switched to either a protease
inhibitor or integrase inhibitor, to avoid selection for NNRTI
drug resistance due to their low barrier to resistance and long
pharmacokinetic tail.

There are limitations to the generalizability of these results
to address. Not all studies were randomized in this meta-
analysis, and adjusted differences seen between participants
who received IA and those who underwent ATI alone may
be due to unmeasured confounding variables not removed
through a prospective randomization study design. The most
common intervention therapeutic assessed within the meta-
analyses were bNAbs. Due to the small number of studies
using other interventions available for inclusion in this system-
atic review, we were unable to rule out the individual effect of
other non-bNAb classes of therapeutics on time to viral sup-
pression.

There was a lack of data on ART adherence, duration of
ART use prior to ATI, and history of ART drug resistance at
baseline or at the time of rebound were not available from
some studies, thus we were unable to assess the contribu-
tion of these confounding variables to the primary outcome.
The finding that a longer interval between HIV VL monitor-
ing between ART restart and viral suppression was associ-
ated with longer times to viral suppression may represent a
methodological bias where participants who suppress earlier
after restarting ART may not be measured until their next
VL measurement. Due to the limited availability of datapoints,
only time to first undetectable VL was considered as the pri-
mary outcome, participants with persistent low-level viraemia
may be missed. At least one person (807) continued to experi-
ence low-level viraemia throughout the study follow-up period
more than 2 years after restarting ART. The duration between
HIV diagnosis and ART initiation was not consistently avail-
able across studies, and this may have also impacted on the
size and diversity of the reservoir and subsequent time to
viral re-suppression in ATI studies.

We suggest future ATI studies should consider frequently
monitoring plasma VL, at least monthly, until participants
achieve undetectable readings after restarting ART. The devel-
opment and implementation of validated point-of-care VL
tests for participants to use at home or in the workplace
may ease the burden of repeated clinic visits during these tri-
als. Reporting the rates of sustained viral suppression (which
may be defined as two or more undetectable readings after
restarting ART, already in used in some studies [20]) for sub-
sequent analyses, and routine genotyping of HIV sequences

for ART-resistance mutations at the time of VL rebound or
ART restart if resources allows, should be considered in study
protocols involving ATIs. Throughout the ATI studies and sub-
sequent time to viral re-suppression after restarting ART, par-
ticipants and their partners should be offered access to HIV
prevention strategies such as HIV pre-exposure prophylaxis
and condoms use to mitigate the risks of onward transmission.
We would be cautious in extrapolating our findings to peo-
ple who experience unstructured treatment interruptions, as
this is a very different population with distinct characteristics,
facing different barriers to adherence, ART regimens and HIV
characteristics, and thus would be outside the scope of this
paper.

5 CONCLUS IONS

In ATI studies included in this systematic review, the major-
ity of participants achieved viral suppression to < 50 copies
RNA/ml within 12 weeks of restarting ART. The receipt of
interventional immune-modulatory treatments appeared to be
associated with a longer time to re-suppression after adjust-
ment for covariables compared to participants who underwent
ATI alone. Integrase inhibitors were associated with more
rapid re-suppression rates and appeared to reverse the differ-
ences observed in time to viral re-suppression. When design-
ing studies involving ATIs, ART regimens containing integrase
inhibitors should be considered on completion of ATIs, and
the time to viral re-suppression after restarting ART should
be frequently monitored and reported, to ensure the safety of
specific trial interventions in ATI studies.
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