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o Phenotypical characteristics of PTCs: lessons from the 

cohorts of PTCs

o Potential post treatment controllers (PPTCs): which clinical 

and viro-immunological characteristics really matter? Lessons

from Analytical treatment interruptions (ATI) studies

o Potential biomarkers of viral rebound after ATI and of PTCs

phenotype



Non controllers

Post-treatment controllers

Etemad B et al, Frontiers in Immunology 2019; 10; 1749



VISCONTI cohort

o The VISCONTI study was one of the earliest and most comprehensive of the

PTC studies

o The inclusion criteria for the 14 VISCONTI participants were individuals who

were treated during early HIV infection and maintained viral suppression

<400 HIV-1 RNA copies/mL for at least 2 years after ART interruption.



Control of HIV after Antiretroviral Medication

Pause (CHAMP) cohort

o 67 PTCs (pooled analysis of 14 ACTG

studies and other North American cohorts)

o Individuals who maintained viral loads ≤400

copies/mL at ≥2/3 or more of time points for

≥24 weeks post interruption

o 45% had early viral load peaks 1,000 HIV-1

RNA copies/mL and 33% had early viral load

peaks 10,000 HIV-1 RNA copies/mL

o Proportion of PTCs who remained

virologically suppressed in years 1–5 were

75, 55, 41, 30, and 22%, respectively



PCT: demographic data

o The median age of PTCs ranged from 27 to 46 years old.

o The majority of PTCs identified were males, likely reflecting the sex

distribution of the clinical trial participants; there have been reports that

female gender may be associated with a higher chance of post-treatment

HIV control and spontaneous control

o Majority of PTCs have been reported by studies from North America and

Europe

o African participants tended to have lower pre-ART viral load and integrated

HIV-DNA levels, and after treatment interruption, Africans appeared to

experience a longer duration of viral remission than non-Africans in the

SPARTAC study

Etemad B et al, Frontiers in Immunology 2019; 10; 1749



o CD4+ cell counts for the PTCs were generally quite high with a median of 720 to

1,429 cells/mm3

o The median time of HIV rebound after ART interruption for post-treatment

non-controllers (NCs) is 3–4 weeks and only a small proportion of non-

controllers are able to maintain viral suppression to 12 weeks or beyond

o The duration of viral control after treatment interruption has also differed

dramatically between studies and ranged from a median of 6 months to more

than 2-10 years

PCT: immuno-virological data



Spontaneous and post-treatment controllers

o SCs generally harbor replication competent virus and have

evidence of ongoing viral replication and evolution;

o The ongoing viral replication in SCs may be associated with 

progressive loss of CD4+ T cells, increased T cell activation and 

inflammation

o Protective effects of HLA B∗27 and B∗57

o Low Gag-specific CD8+ T cell response, high levels of inflammatory

cytokines and high viral diversity have been reported as factors that

predict loss of viral control in ECs

Etemad B et al, Frontiers in Immunology 2019; 10; 1749



Differences PTCs and SCs/ECs

(1) CD8+ CTL and HIV-specific CD8+ T cell responses responses

have been found to be far weaker in PTCs;

(2) PTCs do not tend to harbor protective HLA alleles;

(3) PCT not exhibit the same heightened levels of immune activation

as SCs

(4) Pre-ART viral loads are generally significantly higher in PTCs;

(5) PTCs frequently present with symptomatic acute retroviral

syndrome;

Etemad B et al, Frontiers in Immunology 2019; 10; 1749



Molinos A et al Nature Communication 2022



Immunologically, PTCs demonstrated significantly higher CD4+ T cell% and 

CD4+/CD8+ ratio, lower CD4+ and CD8+ T cell activation, lower CD4+ T cell

exhaustion



Sparse partial least squares discriminant analysis identified a set of features 

enriched in PTCs, including a more functional NK cells.

NC

PTC



Smaller HIV reservoir in PCT

o Levels of pre-treatment interruption HIV proviral DNA / lower levels of cell-

associated HIV-RNA predicted viral rebound

o PTCs had an ∼7-fold smaller HIV reservoir compared to NCs prior to the ATI,

but that some PTCs had relatively large fractions of intact proviruses

o The restricted size of the reservoir, including the intact proviral genomes,

however, does not fully explain post-treatment control

o Additional studies are needed to assess potential differences in the distribution

of infected cell types, cellular transcription environment, integration sites, and

other factors that could contribute to the maintenance of a “deeper” state of

viral latency

Etemad B et al, Frontiers in Immunology 2019; 10; 1749



Rapid viral rebound after ATI in patients with very small HIV reservoir

Pannus P et al, JIAS 2020; 23:e25453



PW12: 12 weeks after restart ART; VR, timepoint at viral rebound just before restart ART, W, weeks; W0, 

timepoint at stop ART 

Rapid viral rebound after ATI in patients with very small HIV reservoir

Pannus P et al, JIAS 2020; 23:e25453



APACHE study
Castagna A et al, 

JAC 2019; 74:2039-

2046
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What current CD4+ T-cell count threshold should be 

used as an inclusion criterion for ATI studies?

Julg B et al, Lancet HIV 2019; 6(4): e259–e268



What should be exclusion criteria for ATI studies?

Julg B et al, Lancet HIV 2019; 6(4): e259–e268



o ACTG studies; assay that uses an automated DNA size-selection platform for quantifying levels

of integrated HIV DNA and is less sample- and labor-intensive than current assays. 

Potential impact of an ATI on the size of the reservoir?

Strongin Z et al, J Virology 2018; 92(12): e000285
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No sustained effect of SHORT-term ATI on HIV reservoir 

o Minimal change in the levels of integrated HIV-DNA in participants

who underwent an ATI, followed by 6 months of ART.

o This suggests that short-term ATI can be conducted without a

significant impact on the levels of integrated proviral DNA in the

peripheral blood.

Strongin Z et al, J Virology 2018; 92(12): e000285



Potential impact of an ATI on the size of the reservoir?

Montserrat M et al, AIDS 2017, 31:1895–1897



o Total HIV-1 DNA increased to pre-ART levels after 48 weeks of 

ATI to return to pre-ATI levels after 104 weeks of ART resumption. 

o Conversely, integrated HIV-1 DNA remained elevated after ART 

reinitiation. 

o These data suggest that the increase in reservoir after long-term

ART discontinuation might not be reversible at midterm

Sustained effect of LONG-term ATI on HIV reservoir 

Montserrat M et al, AIDS 2017, 31:1895–1897



Gisslén. M et al, AIDS Research and Therapy 2005, 2:6

ATI and CNS



ATI and CNS

Gisslén. M et al, AIDS Research and Therapy 2005, 2:6



Julg B et al, Lancet HIV 2019; 6(4): e259–e268







Is it possible to define a set of biomarkers that can predict the 

probability-of-viral-rebound after a potentially successful intervention

(i.e., biomarkers that can predict the likelihood of achieving a 

PTC phenotype after ART cessation)?

o No validated biomarkers predictive of virological control once cART is

stopped

o No validated viral or host biomarker(s) that can predict time to viral rebound or 

the probability of viral rebound/remission upon ART cessation

o No validated biomarkers of the PTC phenotype

o ATI appear to be necessary until a promising biomarker emerges that robustly

predicts post-treatment viral control

Julg B et al, Lancet HIV 2019; 6(4): e259–e268 Giron LB et al, Nature Communications 2022 



Parameters that influence HIV reservoir

Several clinical parameters are likely to influence the HIV reservoir size and the 

association between this reservoir size and TTVR; these include:

o ART regimen

o pre-ART viral load

o time from diagnosis to ART initiation

o ART duration



cART and PPTCs

Highly potent drugs could have a major impact reducing the global level of 

viral reservoir in blood and tissues

It would be particularly important to test drugs with high tissue penetration

particularly in lymph nodes where the first steps of viral replication during

acute infection are so high.



Blips and PTCs

o Using CASCADE data of seroconverters starting ART in PHI (6 months from

seroconversion), we estimated proportions experiencing viral blips (400

copies followed by 400 copies HIV-RNA/mL without alteration of regimen)

while on ART.

o Loss of control (2 consecutive measurements >1000 copies per milliliter)

o Modified definition of blip as a single plasma HIV-RNA measure >400 copies

in a previously suppressed individual followed by subsequent viral

suppression without change in ART regimen

o In a sensitivity analysis on blip definitions, we defined additional blip

thresholds of HIV-RNA >50, >100, and >200 copies per milliliter.

Fidler S, J Acquir Immune Defic Syndr 2017;74:126–133







HIV viral blips on therapy are associated with 

subsequent viral rebound on stopping ART among

individuals treated in PHI. 

Longer duration on ART is associated with a greater

chance of PTC. 

Fidler S, J Acquir Immune Defic Syndr 2017;74:126–133

Blips and PTCs



Non invasive plasma glycomic and metabolic biomarkers

Giron LB et al, Nature Communications 2022 

o Plasma glycoproteins and plasma metabolites enter the circulation from tissues through

active secretion or leakage.

o Glycomic features in total plasma and on IgG have been identified as biomarkers for

inflammatory bowel disease, cancer, and diabetes.

o Glycans on circulating glycoproteins have functional significance, as glycans play essential

roles in mediating immunological functions, including antibody-dependent cell-mediated

cytotoxicity and pro- and anti-inflammatory activities.

o Plasma metabolites have been investigated as biomarkers in several diseases (heart

disease, Alzheimer’s disease, cancer).

o Plasma metabolites are biologically active molecules that can regulate immunological

responses, including inflammatory responses



o 74 HIV infected, ART-suppressed individuals who underwent ATI (ACTG

clinical trials): 27 PTCs; 47 NCs

o A set of plasma glycans and metabolites were able to predict time-to-viral

rebound and probability-of-viral-rebound, even after adjusting for several

potential demographic and clinical confounders.

o Using machine-learning models, we combined this set of biomarkers into two

multivariate models: a model that predicts time-to-viral-rebound with 74%

capacity; and a model that predicts probability-of-viral-rebound with 97.5%

capacity.

o Non-invasive plasma biomarkers, with potential functional significance, that

predict duration and probability of viral remission after treatment interruption.

Non invasive plasma glycomic and metabolic biomarkers









ATI and supplemental intervention

Some research has shown a measure of 

PTC after study participants were given a 

supplemental intervention before they went off 

of ART. 

o infusion of broadly neutralizing antibodies

(bNAbs, which can recognize and block a 

broad range of HIV strains)

o therapeutic vaccines (which don’t prevent

but aim to boost control of infections)

o immune modulators (which suppress or 

stimulate the immune system)

o some combination of these agents.



Conclusioni: Potential PTCs

PLWH con follow up di 5/10 anni dalla 
virosoppressione (VL <50 cp/mL) (AND)

PLWH che hanno iniziato ART nei 12 mesi dalla 
sieroconversione stimata – entro stadio di Fiebig 6

Conta di CD4+ > 350/500 cells/mmc 

Viremie stabilmente <50 cp/ml nei 5/10 anni (AND)



Conclusioni: Potential PTCs

No viral blips/viremia residua nei 5/10 anni (AND)

HIV-DNA <10 copies/10^6 PBMCs (AND)

Bassi livelli di infiammazione (periferica)



Conclusioni

o Analytical treatment interruptions: considerazioni etiche

o Strategie complementari a ATI (bNAbs, vaccino terapeutico, 
immunomodulatori)

o Monitoraggio di HIV-RNA, CD4, CD4/CD8, reservoir virale e 
monitoraggio clinico



Grazie per 

l’attenzione


