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Abstract
Research in context

Evidence before this study

HIV controllers (HIC) represent a rare subset of persons living with HIV able to
spontaneously control the viral replication and maintain very low viral loads with
occasional viral blips (b-HIC) or undetectable viral loads (u-HIC). The rationale for
antiretroviral therapy (ART) in this population remains debated, and while previous
studies reported a decrease of immune activation markers upon treatment, the benefits
of a systematic therapy remain unclear. This study reports the frequency of ART
initiation by the clinician-in-charge, reasons to treat, treatment outcome on
immunovirological parameters, and rate of side-effects and treatment discontinuation in
the French cohort of HIC.

Added value of this study

During a median follow-up of 14.8 years, only 30% of the 301 HIC prospectively
followed required ART initiation. The main reasons were a decrease in CD4 T cells
counts (40%), loss-of-virological control (14%) and non-AIDS defining events (13%).
Treatment reduced immune activation surrogates in b-HIC but not u-HIC. Fourteen
percent of the patients discontinued ART and 10 maintained viral control after treatment
cessation.

Implications of all the available evidence

HIC is a stable status that does not systematically require ART initiation and can be
recovered after treatment cessation. Overall, ART initiation in HIC should be evaluated
based on individual risk/benefit analyses and can possibly be discontinued for selected
participants.
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1. Introduction

HIV controllers (HIC) are HIV-infected individuals who can achieve spontaneous viral
control without requiring combined antiretroviral therapy (ART), representing
approximately 0.5% of all HIV-infected people. Since their identification [1,2], HIC
have been thoroughly studied to decipher the mechanisms of viral control. These studies
revealed a specific immunological phenotype, associating the ability of HIV-specific
CD8 T cells to suppress HIV replication combined with metabolic plasticity [3,4],
enrichment of protective HLA alleles, preserved functional HIV-specific CD4 T

cells [5], slower CD4 decrease over time [6], and a less pronounced immune exhaustion
phenotype [7] relative to non-controller treated individuals.

HIC can be subdivided into two categories: participants with strictly undetectable viral
loads (u-HIC: no detectable viral loads from 12 months after seroconversion to the last
follow-up) and those experiencing viral blips (b-HIC: viral loads in the 50-2000
copies/mL range) [8,9]. The relevance of this distinction is supported by a distinct
phenotype, featuring higher rates of viral and immunological progression amongst b-
HIC and a higher risk of non-AIDS-defining events (nADEs) [6,[9], [10], [11]].

Recommendations for ART initiation extend to all individuals from the diagnosis of
HIV infection, regardless of the CD4 count, but remain elusive for the HIC population.
The benefits of ART remain unclear for these individuals, aside from specific clinical
situations, such as viral progression [12]. Indeed, the main purpose and proven effect of
ART is to reduce viral replication, monitored by measuring viral loads. In the setting of
controllers, ART management should depend on the individual treatment goal [13].

Chronic inflammation drives HIV-associated comorbidities in non-controllers, such as
cardiovascular disease and neurocognitive impairment, and decreases upon ART [14].
Thus, some have suggested that ART could be similarly beneficial for HIC. Chronic
inflammation in HIC has been investigated in several studies, with contrasting findings.
Several reported above-normal immune activation in HIC [15], [16], [17], but the link
with increased cardiovascular disease was not clear [18,19]. Moreover, large
prospective cohort studies did not consistently find a high rate of nADESs in HIC
[10,20], or the results were unclear [21,22], suggesting a low comorbidity burden.

Recent retrospective and prospective studies reported the effects of ART in HIC. ART
appears to decrease the immune-activation profile in certain controllers and has been
associated with a diminution in immune exhaustion markers [23,24]. However, the
effects on CD4 T-cell counts appear to be only modest or inexistant [23,25,26]. Another
unsolved question is the potential benefit of ART in HIC and especially u-HIC to
achieve HIV cure.

We report the indications, outcomes, and long-term follow-up of 90 HIC treated by
ART upon the clinician's decision and prospectively followed in the CODEX cohort.
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2. Methods
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2.1. Participant recruitment

We retrospectively analyzed the data from 302 HIC included in the previously described
CODEX cohort [27]. Briefly, this cohort prospectively enrolls participants defined as
follows: participants infected with HIV-1 for at least five years and whose five last
consecutive plasma viral loads were < 400 copies/mL without antiretroviral therapy. All
included participants provided written consent and the study protocol was approved by
the Comité de Protection des personnes lle-de-France VII.

2.2. Data collection

All participants included in the CODEX cohort are prospectively followed and have at
least one medical visit per year during which data are collected [8,27]. The CD4 and
CD8 T-cell counts, plasma HIV-I RNA viral load (VL), as measured by routine and
ultrasensitive assays [11], total HIV-1 DNA [11], AIDS-defining-events (ADES),
nADEs, and immune-activation parameters (frequency of HLADR*CD38* T cells) were
analyzed.

2.3. Definitions

Confirmed immunological progression was defined as a CD4* T-cell count <350/mm? or
a decline of more than 200/mm3 from an immediately preceding CD4* count of
>600/mm? on two consecutive measurements. Confirmed viral progression was defined
as two consecutive HIV-1 RNA VL measurements >2000 copies/mL. If both criteria
were met, participants were considered to experience combined progression. Such cases
were referred to as suspected immunological and/or virological progression if the above
criteria were met for only one blood sample [27].

Undetectable controllers (u-HIC) were defined as participants with strictly undetectable
routine HIV-1 RNA VL (irrespective of the detection threshold) from the first recorded
VL up to the last visit or ART initiation [8]. Blipper controllers (b-HIC) were defined as
HIC participants with possible detectable HIVV-1 RNA VL but never reaching two
consecutive VL over 2000 copies/mL, otherwise classifying them as viral loss of
control.

2.4. Treatment initiation

Treatment initiation was decided by the physician in charge of the patient. For each
patient, the clinician had to declare the reason for ART initiation and the ART regimen
prescribed. During follow-up, all data on adverse events (AEs), treatment
discontinuation, and drug-regimen changes were collected. Women receiving ART
during pregnancy were not identified as ART-treated if they stopped ART definitively
post-partum.

2.5. Statistical analysis

Quantitative and qualitative data are reported as medians [interquartile range, IQR] and
numbers (%), respectively. Wilcoxon—Mann—Whitney tests were used for intergroup
comparisons of quantitative data and Chi-square or Fisher's exact tests for intergroup
comparisons of qualitative data, as appropriate. Statistical significance was set

to p < 0.05. All statistical analysis were performed using R-Studio software v1.3.1056
and PRISM v8.0 (GraphPad software, La Jolla, CA, USA).
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2.6. Role of the funding source

The funder played no role in the design, conduct, or reporting of this study. LP, FB, CL,
EG, VAF, ASC, OL and NN had access to the dataset; LP, FB, VAF, ASC, OL and NN
decided to submit the manuscript for publication.
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3. Results

3.1. Clinical and demographic data of the 302 participants included in the
CODEX cohort

In total, 302 HIC were included in the cohort from July 6, 2007 to January 3, 2018
(Supplemental Fig. 1). The median [IQR] time between HIV diagnosis and treatment
initiation or last follow-up was 14.8 years [10.3-20.2]. The median follow-up after
enrollment in the cohort was 5.4 years [2.9-10.1]. At last evaluation and/or ART
initiation, 73 (24%) participants were classified as u-HIC and 228 (76%) as b-HIC.
Among them (Suppl Table 1), u-HIC were more frequently women (1.8 women per man
vs 1 women per man among b-HIC, p = 0.019), had a higher nadir of CD4 T-cell counts
(p = 0.01), and more frequently carried the HLA B57/58 haplotype (51% of u-HIC vs
35% of b-HIC, p = 0.010), as already reported [8].

Among the 301 participants with available data, 90 (30%) were treated by ART. The
median date of treatment initiation was April 22, 2015 and all participants were treated
between April 22, 2007 and May 10, 2019. Among the 73 u-HIC, seven received ART
(9%) versus 83 of 228 b-HIC (36%, p < 0.001) (Supplemental Table 1). There were no
differences in terms of geographic origin or teaching center/semi-urban clinic care
between treated and untreated patients (data not shown).

3.2. Characteristics of the 90 treated HIC compared to 211 untreated HIV
controllers

The median age at treatment initiation was 48.0 years [41.8-55.7] and the sex-ratio
among treated participants was 1. Treated participants had a longer time from diagnosis
than untreated participants (17.5 years, vs 13.9 years, p < 0.001), with a lower CD4 T-
cell count nadir (383.68 versus 554.3, p < 0.001). b-HIC participants had a median
plasmatic viral load of 398 copies/mL [92-1342] at treatment initiation. The frequency
of b-HIC was significantly higher in the treated than untreated HIC population (92%
versus 69%, p < 0.001). The opposite was true for u-HIC (8% among treated versus
31% in untreated HIC, p < 0.001). The maximal and median HIV median plasma viral
loads and percentage of detectable viral loads were higher and the median CD4 T cells
count was lower in treated patient's group, which was expected as patients were mainly
treated for immunological or viral progression (as discussed below). Treated
participants more frequently carried HLA*B27 and less frequently HLA-B57/58

(p =0.02 and p = 0.01 respectively) (Table 1). In order to further investigate the
virological loss-of-control in HLA*B27 patients, and considering previous reports of
viral escape in HLA*B27 patients due to mutations in the B27-restricted Gag antigen,
we performed ELISPOT assays to assess the specific T cell responses to Gag 263-272.
Among 19 treated B27+ HIC, 15 (79%) had already detectable responses to Gag 263—
272 at enrollment versus 14/19 (74%) untreated B27+ HIC. Among the four B27+ HIC
treated for viral progression with available longitudinal data, two had undetectable
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responses to mutated peptides at enrollment but developed detectable CD8 responses at
the time of viral progression (data not shown).

Table 1

Characteristics of the 90 HIC treated compared to 211 untreated HIC.

Variable

Age (years)

Sex-ratio (female/male)

Time from diagnosis* (years,

median [IQR])

HIV controller subtype
b-HIC
u-HIC

Maximal HIV-1 plasma viral load

(median [IQR]) §

% with detectable HIV-1 plasma

viral loads

Mean HIV-1 plasma viral loads

(median [IQR]) &

Treated HIV

controllers (n = 90)**

48.0 [41.8-55.7]

1.00

17.5[13.6-23.7]

N = 83 (92%)

N = 7 (8%)

1268 [342-5791]

41.1%

354 [158-855]

Untreated HIV controllers P

(n = 211)***
50.1 [43.5-56.4] 0.20
1.20 0.55
13.9 [10.06-20.01] <0.001
N = 145 (69%) <0.001

N = 66 (31%)

200 [40-664] <0.001
24.2% <0.001
165 [106-331] <0.001



Variable Treated HIV Untreated HIV controllers P

controllers (n = 90)** (n=211)***
CD4 T-cell count nadir (median 360 [278-461] 550 [414-685] <0.001
[IQR]) §
HLA*B27* N =19 (21%) N =23 (11%) 0.02
HLA*B57/58* N =26 (29%) N =94 (44%) 0.01
Protective HLA Data available for 89/90  Data available for 203/211
0 N =50 (55%) N =101 (48%) 0.24
1 N = 36 (40%) N = 105 (50%)
2 N =4 (4%) N =6 (2%)

Open in a separate window
Legend: uHIC: undetectable HIV controller, bHIC: blipper HIV controller. SD: standard deviation
*Duration of follow-up from first positive serology **Last available values before ART initiation ***Last
available values § Data calculated from the obtention of viral control as defined in the Methods section.

3.3. Reasons to introduce ART

Among the 90 treated participants, 36 (40%) were treated for confirmed immunological
progression, 13 (14%) for confirmed loss of virological control, 11 (12%) for suspected
virological loss of control, and six (7%) for suspected immunological progression. The
remaining 24 (27%) received ART for non-immunological or virological reasons.
Among them, 12 (13%) were treated because of one or more nADEs, four (4%) because
of an actual or planned pregnancy, four (4%) upon the doctor's decision (without any
other explanation), three (3%) upon the patient's decision (motivated for all three by
couple serodifference), and one (1%) for renal transplantation [28]. Ten participants had
several reasons for introducing ART: immunological progression and non-AIDS-
defining cancers (n = 3), immunological progression and other nADEs (n = 2: one had
recurrent bronchitis, the other recurrent shingles), immunological progression and
suspected viral progression (n = 3), immunological progression and an ADE (n =1,
cutaneous Kaposi sarcoma), and pregnancy and a nADE (n = 1, hepatitis B) (Fig. 1).
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Reasons for ART initiation among 90 HIC from the AnRS Co-21 cohort

Combined reasons for ART initiation in 10 HIC

Immonological progression (30%)
Virologic progression (14%)

nADEs (13%)

Suspected viral progression (12%)
Combined reasons (11%)

Suspected immunological progression (7%)
Pregnancy (3%)

Physician decision (3%)

4

Immunological progression and nADEs-cancer

(30%)

Immunological progression and other nADEs

(20%)

Immunological progression and suspected viral progression
(30%)

Pregnancy and nADE (10%)

Immunological progression and ADE (10%)

Patient's decision (3%)
Auto-inflammatory disease (1%)
Organ transplantation (1%)
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Fig. 1

Reasons for ART initiation among 90 HIV controllers. ADE: AIDS-defining-event, nADE (s):
non-AlDS-defining-event (s).

Among u-HIC, the main reason for ART initiation was immunological progression for
four participants (57%). One u-HIC was treated for suspected immunological
progression and two for other causes: one fulminant hepatitis B and the other upon the
physician's decision.

Among b-HIC, the main reasons to initiate ART were immunological progression for 32
(39%) participants and loss of virological control for 13 (16%). Eleven (13%) b-HIC
were treated for suspected loss of virological control and five (6%) for suspected
immunological progression (Supplemental Fig. 2). The remaining 22 (27%) were
treated for non-immunological or virological reasons (Supplemental Table 2.)

3.4. AIDS- and non-AIDS-defining events

Among the 90 participants treated by ART, two experienced one ADE (2%), and 17
(18%) one or more nADEs (responsible for ART initiation in 12) (Table 2).

Table 2
nAdes and Ades presented by the 90 HIV controller participants.

Ades and nAdes, no. (%) u-HIC (n=7) b-HIC (n=83)

nAdes leading to ART initiation, no. (%) 2 (14%) 16 (19%)

Hepatitis B 1 (14%) 4 (5%)*§
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Ades and nAdes, no. (%) u-HIC (n=7) b-HIC (n=83)

Hepatitis C 0 2 (2%)
Neurosyphillis 0 1 (1%)
Recurrent bacterial infections 1 (14%) 1 (1%)
Shingles 0 2 (1%)
Cardiovascular comorbidities 0 2 (2%)
Cognitive impairment 0 1 (1%)
Non-AlDS-defining cancers 0 3** (4%)
ADEs leading to ART initiation, no. (%) 0 1 (1%)
Kaposi sarcoma 0 1 (1%)

o

Ades and nAdes occurring after ART initiation, no. (%) 2 (2%)

Non-Hodgkinian lymphoma 0 1 (1%)



Ades and nAdes, no. (%) u-HIC (n=7) b-HIC (n=83)

Non-AlDS-defining cancer 0 1(1%) §

*One b-HIC patient was treated for pregnancy and had concomitant chronic hepatitis B **Three
participants treated by ART for immunological progression presented with bronchial adenocarcinoma,
HPV-positive squamous-cell carcinoma of the tonsil and pancreatic adenocarcinoma. § One patient was
treated for chronic hepatitis B and developed a lung cancer 4 years later.

Two b-HIC participants developed AIDS after ART initiation, one because of non-
Hodgkin diffuse B-cell lymphoma concomitant with loss of virological control, leading
to ART (VL and CD4 at ART initiation: 2229 copies/mL and 191 cells/mm?) and one
because of cutaneous Kaposi sarcoma and immunological progression (VL and CD4 at
ART initiation: 210 copies/mL and 431 cells/mm?).

Seventeen participants experienced 18 nADEs, leading to ART initiation for 12 (71%).
Among them, nine presented with infections (hepatitis B in 4, hepatitis C in 2, syphilis
in 1, recurrent otitis and pharyngitis in 1, shingles in 1), two with cardiovascular
comorbidities, and one with neurocognitive impairment.

Five participants treated for immunological progression (n = 3), loss of virological
control (n = 1), or hepatitis B (n = 1) developed nADEs, either before ART or in the
first three months following ART initiation: one patient had recurrent bacterial
bronchitis (9 episodes), another thoracic shingles, and three developed non-AIDS-
defining cancers: bronchial adenocarcinoma (4 years after ART initiation for hepatitis
B), HPV-induced squamous-cell tonsil carcinoma (concomitant with immunological
progression), and metastatic pancreatic adenocarcinoma quickly following
immunological progression. One patient treated for hepatitis B developed metastatic
lung cancer four years later while receiving ART.

The most frequent nADESs were other infections (n = 12, 67%). Many of these
participants had viral co-infections (hepatitis B for 5, hepatitis C for 2).

3.5. Antiretroviral therapy: treatment regimens and tolerance

The most commonly prescribed ART regimens were 2 NRTI (Nucleoside analog
reverse-transcriptase inhibitors) + 1 NNRTI (Non-nucleoside reverse-transcriptase
inhibitors) for 41 (46%) participants, 2 NRTI and 1 PI (protease inhibitor) for 33 (37%),
and 2 NRTI + 1 INSTI (Integrase strand-transfer inhibitors) for 10 (11%). Among the
six remaining participants, five received bitherapy (4 b-HIC and 1 u-HIC: 2 received 2
NRTI, 2 received 1 NRTI + 1 INSTI) and one received INSTI as monotherapy (1 b-HIC
treated with dolutegravir). Sixteen (18%) participants experienced 17 AEs, mainly
digestive and neurological, leading to treatment withdrawal for 5 (31%) (Table 3). No
AE was grade 3 or higher. There were no significant differences between uHIC and
bHIC concerning the nature of the AE. Median follow-up after treatment initiation was
2.9 years [1.3-5.1].

Table 3
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Follow-up of the 90 HIV controller participants treated by ART.

Main reason for ART initiation

Variable

Loss of virological control

Immunological progression
Suspected loss of virological control

Suspected immunological progression

Other reasons

VL before ART (median [IQR])
CD4 T cell counts before ART (median

[IQR])

ART regimen

2 NRTI + 1 NNRTI

2NRTI+ 111
2NRTI +1PI

Other regimens

Adverse events
Grade 1

Grade 2
Composition
Neurologicals§
Digestives§
Psychiatric
Muscular

Others

All participants

(n = 90)

N = 13 (14%)
N = 36 (40%)
N = 11 (12%)
N = 6 (7%)

N = 24 (27%)
268 [50-1258]
479 [365-669]

N = 41 (46%)
N = 32 (36%)
N = 10 (11%)
N =7 (8%)

N =17 (19%)
N = 12 (14%)
N =5 (6%)
N = 6 (7%)
N = 6 (7%)
N =1 (1%)
N =1 (1%)
N = 3 (2%)

u-HIC (n=7)

N=0

N = 4 (57%)
N=0

N =1 (14%)
N = 2 (29%)<
LOD

390 [352.8—
461.8]

N = 1 (14%)
N =5 (71%)
N=0

N = 1 (14%)

N = 1 (14%)
N=0
N=1
N=0
N=1
N=0
N=0
N=0

b-HIC
(n=83)

N = 13 (16%)
N = 32 (39%)
N = 11 (13%)
N =5 (6%)

N = 22 (27%)*
398 [92-1342]
486 [369.5-
672]

N = 40 (48%)
N = 27 (33%)
N = 10 (12%)
N = 6 (7%)

N = 16 (16%)
N = 12 (14%)
N = 4 (5%)
N = 6 (7%)
N =5 (6%)
N =1 (1%)
N =1 (1%)
N = 3 (2%)



Variable

Reason for ART
discontinuation:
Patient decision
Adverse event88

Unknown888§

Duration of treatment before

discontinuation (days)

HIV controller status after treatment
discontinuation

u-HIC

b-HIC

Loss of virological control
Immunological progression

Non evaluable§88§§§

Resumed ART after discontinuation

Time before resuming ART after

discontinuation (months)

All participants

(n=90)

N = 13 (13%)

N = 6 (46%)
N = 5 (38%)
N=2

56.50 [35.75—
260.50]

N =13

N = 3 (23%)
N = 6 (46%)
N=0

N=0

N=4

N =11 (12%)

245 [160-360]

u-HIC (n=7)

N = 2 (29%)
N =1 (14%)
N =1 (14%)
N=0

26 [17-35]
N=2

N = 2 (100%)

N=0
N=0
N=0
N=0
N = 2 (29%)

150 [134-167]

b-HIC
(n=83)

N =11 (12%)

N =5 (5%)
N = 4 (5%)
N=2

67 [42.75-
297.75]
N=11

N =1 (9%)
N = 6 (54%)
N=0

N=0

N=4

N =9 (11%)

275 [162-642]
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Data are presented as medians [IQR] or numbers (%). HIC: HIV controllers, uHIC: undetectable HIV
controller, bHIC: blipper HIV controller, ART: combined antiretroviral therapy, NRTI: nucleotide reverse
transcriptase inhibitors, NNRTI: non-nucleotide reverse transcriptase inhibitors, I1: integrase inhibitors,
Pl: protease inhibitors, VL: plasma HIV-1 viral load. §One patient presented two adverse events 8§Three
participants discontinued ART after digestive adverse events, one after a psychiatric adverse event, and
one after a neurological adverse event §8880ne patient was treated for renal transplant and treatment was
discontinued afterwards. 8§8§8Four participants had less than 3 viral-load measurements between
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treatment discontinuation and resumption. *p < 0.001 for the difference between u-HIC and b-HIC. LOD:
limit of detection threshold. Viral loads value before ART were all undetectable in the u-HIC subset of
patients (detection limit set at <10 copies/mL for one patient, <20 copiess for 2 patients and <40 copies
for 4 patients).

3.6. Effect of ART on CD4, CD8 T-cell counts and activation markers

Data on CD4 and CD8 T-cell activation were available at last visit before ART
introduction and six months post-ART for 40 participants, along with CD4, CD8, and
CD4:CD8 ratio counts (Fig. 2).
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Fig. 2

Immunological effect of CART in 5 uHIC and 35 bHIC. (a) CD4 T-cell count before and after
ART. (b) CD8 T-cell count before and after ART. (c) CD4/CD8 ratio before and after ART. (d)
Proportion of peripheral HLADR'CD38" activated CD4 T cells before and after ART. (e)
proportion of peripheral HLADR'CD38" activated CD8 T cells before and after ART.

In 4/7 u-HIC with exhaustive data available, treatment did not increase or reduce CD4
or CD8 T-cell counts, the CD4/CD8 ratio (Fig. 2a-c), or the proportion of peripheral
activated CD4 or CD8 lymphocytes (Fig. 2d and e). Median [IQR] cell counts were
370 [252-557] CD4/mm3, 401 [347-510] CD8/mm?, and 0.88 [0.61-1.30] CD4/CD8
before ART and 417 [397-561] CD4/mm?, 593 [426-692] CD8/mm?, and 1.25 [0.61—
1.98] CD4/CD8 six months after ART initiation, respectively.

In 36/83 b-HIC with exhaustive data available, treatment resulted in a significant
decrease in total CD8 T-cell counts (from a median [IQR] of 730 [597-1182] to 609
[487—-828] CD8/mm?, median of —150 CD8/mm?, p = 0.0005) and an increase in the
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CD4/CD8 ratio (median of +0.19, p < 0.0001) but not total CD4 T-cell counts (471
[386-633] to 535 [393-636] CD4/mm3, median of +32 CD4/mm?, p = 0.16), and a
decrease in the proportion of activated CD4 and CD8 T cells (decrease of

0.65%, p = 0.003, and 4.18%, p < 0.0001, respectively).

3.7. Effect of ART on ultrasensitive HIV RNA

usRNA was measured before and after ART initiation for 41 participants. Before ART,
38 participants had detectable usRNA and upon ART, it remained detectable for only
nine (after exclusion of the two participants who permanently discontinued ART).
Among them, only four had concomitant detectable VL. Overall, the median difference
in u.s.HIV RNA was —0.18 log copies/mL after 6 months of ART. Seven were u-HIC,
and only 1/7 had detectable HIV RNA upon treatment (measured at 0.67 log
copies/mL).

3.8. Post-treatment HIV viral control

Thirteen participants discontinued ART after a median of 64 days [44-275]. The
reasons for ART discontinuation were an AE for five, patient decision for four, and
unknown for two (Table 3 and Supplemental Table 3). Eleven resumed ART after a
median of 245 days [160-555.5]. The median follow-up from ART cessation until ART
resumption or last medical visit was 305 days [235-728].

Among them, two participants were u-HIC: no data were available between treatment
cessation and resumption for one. The other patient was treated for suspected viral
progression eight days before cessation and then remained treatment-free for 183 days
and experienced five consecutive undetectable VVLs before ART resumption.

Among the 11 b-HIC who discontinued ART, nine reverted to their b-HIC phenotype,
whereas two progressed, including one patient with a renal transplantation
(Supplemental Table 3).

Overall, the CD4 T-cell count decreased after treatment cessation for two participants.
Among the four patients treated for immunological progression, CD4 T-cell counts
decreased for only one.

Among the two participants that did not resume ART, one (patient #2', Supplemental
Table 3) was treated because of loss of virological control, discontinued ART after
1089 days, was lost to follow-up, and presented two years later with persistent loss of
virological control. He showed viral loads from 2140 to 14,848 copies/mL until the last
follow-up five years after treatment cessation. The other patient (bHIC) was treated
because of associated chronic hepatitis C, stopped ART after 366 days, and showed
viral loads from 0 to 2000 copies/mL at the last evaluation (three years after treatment
cessation).

Go to:

4. Discussion

Recommendations concerning ART introduction in HIC are debated. We therefore
aimed to describe the frequency and reasons for ART initiation in 90 patients from a
prospective cohort of 301 HIC.
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In our study, 90 (30% of the CODEX cohort) received ART over a median follow-up of
14.8 years since HIV diagnosis. Most participants (84/90, 93%) received ART regimens
consistent with international recommendations [29]. Sixteen (18%) experienced AESs.
Overall, 13 participants discontinued ART (14%), including five for adverse side effects
(6% of the entire treated population), and 11 later resumed. These results are coherent
with a recent meta-analysis of 77,999 participants, among whom 29.4% discontinued
first-line ART, 8.9% because of AEs, suggesting relatively good observance and
tolerance of ART in HIC [30].

As expected, treated participants had a lower CD4 T-cell nadir, were more frequently b-
HIC than u-HIC, and had a lower frequency of protective HLA B57/58 carriage [31].
The over-representation of HLA B27 among treated participants could be associated
with viral escape from the HLA B27-restricted anti-Gag cytotoxic CD8 T-cell

response [32], as observed for two patients in our study. Treated participants had a
longer time from HIV diagnosis than untreated participants, suggesting a possible loss
of virological control over time in HIC. The main reasons for ART initiation were
immunological progression (40% of treated participants, representing 12% of the
overall cohort over a median follow-up of 14.8 years), rather than virological
progression (14% of treated participants). Seventeen (19%) participants received ART
for suspected immunological or virological loss of control without fulfilling proposed
criteria for progression. However, others have reported that an elevated frequency of
viral blips and/or a low CD4 T-cell nadir may predict both virological and
immunological progression [27,33,34], possibly reflecting low-level viral replication in
tissues.

In our study, b-HIC were more likely to receive ART than u-HIC, possibly reflecting
the higher frequency of viral blips in this population, and overall a less stable controller
status in b-HIC than in u-HIC. Indeed, b-HIC definition includes controller patients
with heterogeneous phenotype, whereas u-HIC share several common features of strong
viral control, such as low level of HIV blood reservoir, combined protective HLA
alleles and reduced immune activation [8]. One unsolved question is the effect of ART
is these patients with spontaneously undetectable viral loads. Our group has previously
reported that u-HIC had very low-to-undetectable reservoirs [8,35] and that HIV DNA
could even spontaneously decrease over time [11]. Anti-HIV antibodies might be
undetectable [8] (reflecting the very low level of antigenic stimulation in a similar
manner to patients with sterilizing cure such as the Berlin patient [36]). We could
analyze ultrasensitive HIV RNA levels and showed a reduction of 0.18 log copies/mL
overall. Unfortunately, we could not analyze the effect of ART on total HIVV DNA or
anti-HIV antibodies in HIC before and after ART introduction.

Seventeen participants experienced nADEs during follow-up, responsible for ART
initiation for 12 (13%). Nine of these nADESs were infections, including 4 HBV and 2
HCV coinfections. Six (7%) controllers, all b-HIC, developed cancer during follow-up,
leading to ART initiation, preceeded or concomitant with virological/immunological
progression. As anti-tumoral immunity could disrupt the immunological homeostasis
required to control HIV infection, these data highlight the need to closely monitor HIC
with immunological progression to diagnose potential cancer earlier. It is possible that
earlier ART introduction reduces the occurrence of nADEs in HIC, as undetectable HIC
do not experience higher rates of nADEs than ART-controlled participants [10], but
similar data on b-HIC vary in different studies [21,22,37]. The role of hepatitis B or C
in the occurrence of nADEs is possible in cohorts with a high incidence of co-infections
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[10,20,21], which is not the case in the French population [8]. These results pinpoint the
need for prevention and regular screening for nADESs and co-infections in HIC, but data
supporting the effect of ART on preventing nADEs or treatment in HIC is lacking.

Four b-HIC participants were treated during pregnancy. Three continued treatment after
delivery and one stopped ART and then resumed 305 days later. Further studies are
required to evaluate the impact of pregnancy on HIC. In contrast, 46 HIC women
received ART only during their pregnancy and their HIC phenotype did not change
afterwards (data not shown).

Three b-HIC patients decided to initiate ART because of unprotected sexual
intercourses with seronegative persons. The question of HIV transmission by HIC
remains unresolved, but it is usually considered that patients with undetectable viral
loads are not likely to transmit the infection, as in patients with undetectable viral loads
upon ART [38]. While HIV RNA has been detected in the semen of HIC patients,
concomitantly to viral blips [39], no case of HIV transmission from HIC patients has
been reported, neither in our prospective cohort of 301 HIC followed for a median of
14.8 years, nor in the literature.

In our study, ART was associated with fewer activated circulating CD4 and CD8
lymphocytes, decreased CD8 T-cell counts, and a higher CD4/CD8 ratio but no change
in CD4 T-cell counts in participants with detectable viral load before treatment. These
data suggest that ART reduces HIV-associated chronic inflammation. However, these
effects were relatively small and consistent with the results of Okulicz et al., who found
a moderate increase of 200 CD4 T cells/mm? in HIC after 24 months of treatment [25]
Moreover, Li et al. did not report an increase in CD4 T-cell counts in a recent
prospective study; either at 24 or 48 weeks of ART [23]. In contrast, these
immunological parameters did not change in the subset of uHIC, questioning the impact
of ART in these participants. However, these results should be confirmed in further
studies with a longer follow-up.

Our study was conducted in « real-life » settings, as the indications of ART introduction
were based on the physician's decision and not a controlled trial. The treatment was well
tolerated in HIC and only 18% of participants experienced minor AEs, responsible for
ART discontinuation for 6% of all treated participants. These data are important, as
French guidelines recommend a patient-centered approach for ART initiation in
controllers [29]. In a recent prospective study, HIC reported a slight but significant
increase in their quality of life after 24-48 weeks of ART [23]. However, another study
reported higher scores in physical and social quality of life for HIC than non-controller
treated participants, but lower scores in mental quality of life, interpretated as being
associated with the uncertainty of the disease evolution [40]. Further studies are
required to investigate the effect of ART on HIC quality of life.

Thirteen participants discontinued ART and 11 resumed it after a mean of 405 days.
Most remained HIC after treatment cessation, in agreement with Jilg et al. [41].
Moreover, the CD4 counts of 3/4 participants treated for immunological progression
either increased or stabilized. Although these results must be interpreted with caution
due to the small sample size and sparce immunovirological data, they suggest that
temporary ART could be a therapeutic option and should be further evaluated in
prospective studies, including surveillance of the emergence of viral resistance in the
HIC population.
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The main limitations of our study included this retrospective analysis of prospectively
collected data, the absence of quality-of-life assessment throughout treatment, and the
relatively short follow-up after treatment. However, we analyzed the largest number of
controller participants to date in a “real-life” setting, including a description of ART-
related AEs and treatment discontinuation and the analysis of ART-dependent effects on
immunological parameters.

In this analysis of a prospective cohort, 30% of HIC followed for a median of 15 years
received ART. The main reasons for ART initiation were immunological progression,
loss of virological control, and sometimes nADEs. Antiretroviral therapy led to a
modest improvement in the CD4/CD8 ratio and reduction of immune activation in the
subset of bHIC. Despite limited data, HIC who discontinued ART appeared to resume
spontaneous viral control. Overall, ART initiation in HIC should be evaluated based on
individual risk/benefit analyses and can possibly be discontinued for selected
participants.

Go to:

5. Contributors

L. Placais: study design, literature search, figures, data collection, data analysis, data
interpretation, writing. F.Boufassa: figures, data collection, data analysis, data
interpretation

C. Lécuroux: data collection, data analysis, data interpretation. E. Gardiennet: data
collection. V. Avettand-Fenoél: data collection, data analysis, data interpretation. A.
Saez-Cirion: data collection, data analysis, data interpretation. O. Lambotte: data
collection, study design, data analysis, data interpretation, writing supervision. N. Noél:
data collection, study design, figures, data analysis, data interpretation, writing
supervision. L.Placais, N.Noél, F.Boufassa had access to the underlying data.

Go to:

Declaration of Competing Interest

Dr Noel reports research funds from ANRS and being employee at Universite Paris
Saclay and APHP, speaker fees from BMS and MSD outside the submitted work. Dr
Lambotte reports research funds from ANRS and being employee at Universite Paris
Saclay and APHP, speaker fees from MSD and Gilead, and grant from Gilead outside
the submitted work. Dr Saez-Cirion reports research found from ANRS, being
employee at Institute Pasteur and speakers fees from MSD, ViiV healthcare, Janssen
and Gilead. Dr Gardiennet reports payment from ANRS to institution. Dr Avettand-
Fenoel reports payments to institution from ANRS and ViiV healthcare, honoraria from
Gilead and ViiV healthcare, support for travel from ViiV healthcare and Roche outside
the submitted work. All the other authors have no conflicts to report.

Go to:

Funding

This study was funded by the Agence Nationale de Recherche sur le SIDA et les
hépatites.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/

Data sharing statement

Deidentified data might be available from the corresponding author upon reasonable
request.

Go to:
Footnotes
Supplementary material associated with this article can be found in the online version at
doi:10.1016/j.eclinm.2021.100963.

Go to:
Appendix. Supplementary materials
Click here to view.®< dxImage, application 1

Go to:

References

1. Lambotte O., Boufassa F., Madec Y., Nguyen A., Goujard C., Meyer L. HIV
controllers: a homogeneous group of HIV-1-infected patients with spontaneous control
of viral replication. Clin Infect Dis. 2005;41(7):1053-1056. [PubMed] [Google Scholar]

2. Deeks S.G., Walker B.D. Human immunodeficiency virus controllers: mechanisms of
durable virus control in the absence of antiretroviral
therapy. Immunity. 2007;27(3):406—416. [PubMed] [Google Scholar]

3. Saez-Cirion A., Sinet M., Shin S.Y ., Urrutia A., Versmisse P., Lacabaratz C.
Heterogeneity in HIV suppression by CD8 T cells from HIV controllers: association
with Gag-specific CD8 T cell responses. J Immunol. 2009;182(12):7828—

7837. [PubMed] [Google Scholar]

4. Angin M., Volant S., Passaes C., Lecuroux C., Monceaux V., Dillies M.-.A.
Metabolic plasticity of HIV-specific CD8+ T cells is associated with enhanced antiviral
potential and natural control of HIV-1 infection. Nat Metab. 2019;1(7):704—

716. [PubMed] [Google Scholar]

5. Benati D., Galperin M., Lambotte O., Gras S., Lim A., Mukhopadhyay M. Public T
cell receptors confer high-avidity CD4 responses to HIV controllers. J Clin
Invest. 2016;126(6):2093-2108. [PMC free article] [PubMed] [Google Scholar]

6. Boufassa F., Saez-Cirion A., Lechenadec J., Zucman D., Avettand-Fenoel V., Venet
A. CD4 Dynamics over a 15 year-period among HIV controllers enrolled in the ANRS
French observatory. PLoS ONE. 2011;6(4):e18726. [PMC free

article] [PubMed] [Google Scholar]

7. Scharf L., Tauriainen J., Buggert M., Hartogensis W., Nolan D.J., Deeks S.G.
Delayed expression of PD-1 and TIGIT on HIV-specific CD8 T cells in untreated HLA-
B*57:01 individuals followed from early infection. J Virol. 2020;94(14) [PMC free
article] [PubMed] [Google Scholar]

8. Canoui E., Lécuroux C., Avettand-Fenoél V., Gousset M., Rouzioux C., Saez-Cirion
A. A subset of extreme human immunodeficiency virus (HIV) controllers is


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/
https://doi.org/10.1016/j.eclinm.2021.100963
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/bin/mmc1.docx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8225698/
https://www.ncbi.nlm.nih.gov/pubmed/16142675
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis&title=HIV+controllers:+a+homogeneous+group+of+HIV-1-infected+patients+with+spontaneous+control+of+viral+replication&author=O.+Lambotte&author=F.+Boufassa&author=Y.+Madec&author=A.+Nguyen&author=C.+Goujard&volume=41&issue=7&publication_year=2005&pages=1053-1056&pmid=16142675&
https://www.ncbi.nlm.nih.gov/pubmed/17892849
https://scholar.google.com/scholar_lookup?journal=Immunity&title=Human+immunodeficiency+virus+controllers:+mechanisms+of+durable+virus+control+in+the+absence+of+antiretroviral+therapy&author=S.G.+Deeks&author=B.D.+Walker&volume=27&issue=3&publication_year=2007&pages=406-416&pmid=17892849&
https://www.ncbi.nlm.nih.gov/pubmed/19494307
https://scholar.google.com/scholar_lookup?journal=J+Immunol&title=Heterogeneity+in+HIV+suppression+by+CD8+T+cells+from+HIV+controllers:+association+with+Gag-specific+CD8+T+cell+responses&author=A.+S%C3%A1ez-Ciri%C3%B3n&author=M.+Sinet&author=S.Y.+Shin&author=A.+Urrutia&author=P.+Versmisse&volume=182&issue=12&publication_year=2009&pages=7828-7837&pmid=19494307&
https://www.ncbi.nlm.nih.gov/pubmed/32694646
https://scholar.google.com/scholar_lookup?journal=Nat+Metab&title=Metabolic+plasticity+of+HIV-specific+CD8++T+cells+is+associated+with+enhanced+antiviral+potential+and+natural+control+of+HIV-1+infection&author=M.+Angin&author=S.+Volant&author=C.+Passaes&author=C.+Lecuroux&author=V.+Monceaux&volume=1&issue=7&publication_year=2019&pages=704-716&pmid=32694646&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4887161/
https://www.ncbi.nlm.nih.gov/pubmed/27111229
https://scholar.google.com/scholar_lookup?journal=J+Clin+Invest&title=Public+T+cell+receptors+confer+high-avidity+CD4+responses+to+HIV+controllers&author=D.+Benati&author=M.+Galperin&author=O.+Lambotte&author=S.+Gras&author=A.+Lim&volume=126&issue=6&publication_year=2016&pages=2093-2108&pmid=27111229&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3080877/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3080877/
https://www.ncbi.nlm.nih.gov/pubmed/21533035
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=CD4+Dynamics+over+a+15+year-period+among+HIV+controllers+enrolled+in+the+ANRS+French+observatory&author=F.+Boufassa&author=A.+Saez-Cirion&author=J.+Lechenadec&author=D.+Zucman&author=V.+Avettand-Fenoel&volume=6&issue=4&publication_year=2011&pages=e18726&pmid=21533035&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343205/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343205/
https://www.ncbi.nlm.nih.gov/pubmed/32350076
https://scholar.google.com/scholar_lookup?journal=J+Virol&title=Delayed+expression+of+PD-1+and+TIGIT+on+HIV-specific+CD8+T+cells+in+untreated+HLA-B*57:01+individuals+followed+from+early+infection&author=L.+Scharf&author=J.+Tauriainen&author=M.+Buggert&author=W.+Hartogensis&author=D.J.+Nolan&volume=94&issue=14&publication_year=2020&

characterized by a small HIV blood reservoir and a weak T-cell activation level. Open
Forum Infect Dis. 2017;4(2) ofx064. [PMC free article] [PubMed] [Google Scholar]

9. Okulicz J.F., Marconi V.C., Landrum M.L., Wegner S., Weintrob A., Ganesan A.
Clinical outcomes of elite controllers, viremic controllers, and long-term nonprogressors
in the US department of defense HIV natural history study. J Infect

Dis. 2009;200(11):1714-1723. [PubMed] [Google Scholar]

10. Lucero C., Torres B., Leon A., Calvo M., Leal L., Pérez I. Rate and predictors of
non-AIDS events in a cohort of HIV-infected patients with a CD4 T cell count above
500 cells/mm3. AIDS. 2013;29(8):1161-1167. [PMC free article] [PubMed] [Google

Scholar]
11. Avettand-Fenoel V., Bayan T., Gardiennet E., Boufassa F., Lopez P., Lecuroux C.

Dynamics in HIV-DNA levels over time in HIV controllers. J Int AIDS
Soc. 2019;22(1):e25221. [PMC free article] [PubMed] [Google Scholar]

12. WHO | Guideline on when to start antiretroviral therapy and on pre-exposure
prophylaxis for HIV. WHO https://www.who.int/hiv/pub/guidelines/earlyrelease-arv/en/

13. Noél N., Saez-Cirion A., Avettand-Fenoél V., Boufassa F., Lambotte O. HIV
controllers: to treat or not to treat? Is that the right question? Lancet
HIV. 2019;6(12):e878-e884. [PubMed] [Google Scholar]

14. Hileman C.O., Funderburg N.T. Inflammation, immune activation, and antiretroviral
therapy in HIV. Curr HIV/AIDS Rep. 2017;14(3):93-100. [PMC free
article] [PubMed] [Google Scholar]

15. Hunt P.W., Brenchley J., Sinclair E., McCune J.M., Roland M., Page-Shafer K.
Relationship between T cell activation and CD4+ T cell count in HIV-seropositive
individuals with undetectable plasma HIV RNA levels in the absence of therapy. J
Infect Dis. 2008;197(1):126-133. [PMC free article] [PubMed] [Google Scholar]

16. Krishnan S., Wilson E.M.P., Sheikh V., Rupert A., Mendoza D., Yang J. Evidence
for innate immune system activation in HIV type 1-infected elite controllers. J Infect
Dis. 2014;209(6):931-939. [PMC free article] [PubMed] [Google Scholar]

17. Pereyra F., Palmer S., Miura T., Block B.L., Wiegand A., Rothchild A.C. Persistent
low-level viremia in HIV-1 elite controllers and relationship to immunologic
parameters. J Infect Dis. 2009;200(6):984-990. [PMC free article] [PubMed] [Google

Scholar]

18. Noél N., Gominet M., Meyer L., Boufassa F., Lambotte O. Cardiovascular events in
the French ANRS HIV controller cohort. J Acquir Immune Defic
Syndr. 2019;82(2):e32—e34. [PubMed] [Google Scholar]

19. Brusca R.M., Hanna D.B., Wada N.I., Blankson J.N., Witt M.D., Jacobson L.P.
Subclinical cardiovascular disease in HIV controller and long-term nonprogressor
populations. HIV Med. 2020;21(4):217-227. [PMC free article] [PubMed] [Google

Scholar]
20. Dominguez-Molina B., Leon A., Rodriguez C., Benito J.M., Lopez-Galindez C.,

Garcia F. Analysis of non-AIDS-defining events in HIV controllers. Clin Infect
Dis. 2016;62(10):1304-1309. [PubMed] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5450900/
https://www.ncbi.nlm.nih.gov/pubmed/28584850
https://scholar.google.com/scholar_lookup?journal=Open+Forum+Infect+Dis&title=A+subset+of+extreme+human+immunodeficiency+virus+(HIV)+controllers+is+characterized+by+a+small+HIV+blood+reservoir+and+a+weak+T-cell+activation+level&author=E.+Canou%C3%AF&author=C.+L%C3%A9curoux&author=V.+Avettand-Feno%C3%ABl&author=M.+Gousset&author=C.+Rouzioux&volume=4&issue=2&publication_year=2017&
https://www.ncbi.nlm.nih.gov/pubmed/19852669
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Clinical+outcomes+of+elite+controllers,+viremic+controllers,+and+long-term+nonprogressors+in+the+US+department+of+defense+HIV+natural+history+study&author=J.F.+Okulicz&author=V.C.+Marconi&author=M.L.+Landrum&author=S.+Wegner&author=A.+Weintrob&volume=200&issue=11&publication_year=2009&pages=1714-1723&pmid=19852669&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3715811/
https://www.ncbi.nlm.nih.gov/pubmed/23530980
https://scholar.google.com/scholar_lookup?journal=AIDS&title=Rate+and+predictors+of+non-AIDS+events+in+a+cohort+of+HIV-infected+patients+with+a+CD4+T+cell+count+above+500+cells/mm3&author=C.+Lucero&author=B.+Torres&author=A.+Le%C3%B3n&author=M.+Calvo&author=L.+Leal&volume=29&issue=8&publication_year=2013&pages=1161-1167&
https://scholar.google.com/scholar_lookup?journal=AIDS&title=Rate+and+predictors+of+non-AIDS+events+in+a+cohort+of+HIV-infected+patients+with+a+CD4+T+cell+count+above+500+cells/mm3&author=C.+Lucero&author=B.+Torres&author=A.+Le%C3%B3n&author=M.+Calvo&author=L.+Leal&volume=29&issue=8&publication_year=2013&pages=1161-1167&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6327944/
https://www.ncbi.nlm.nih.gov/pubmed/30629340
https://scholar.google.com/scholar_lookup?journal=J+Int+AIDS+Soc&title=Dynamics+in+HIV-DNA+levels+over+time+in+HIV+controllers&author=V.+Avettand-Fenoel&author=T.+Bayan&author=E.+Gardiennet&author=F.+Boufassa&author=P.+Lopez&volume=22&issue=1&publication_year=2019&pages=e25221&pmid=30629340&
https://www.who.int/hiv/pub/guidelines/earlyrelease-arv/en/
https://www.ncbi.nlm.nih.gov/pubmed/31624011
https://scholar.google.com/scholar_lookup?journal=Lancet+HIV&title=HIV+controllers:+to+treat+or+not+to+treat?+Is+that+the+right+question?&author=N.+No%C3%ABl&author=A.+Saez-Cirion&author=V.+Avettand-Feno%C3%ABl&author=F.+Boufassa&author=O.+Lambotte&volume=6&issue=12&publication_year=2019&pages=e878-e884&pmid=31624011&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514315/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514315/
https://www.ncbi.nlm.nih.gov/pubmed/28434169
https://scholar.google.com/scholar_lookup?journal=Curr+HIV/AIDS+Rep&title=Inflammation,+immune+activation,+and+antiretroviral+therapy+in+HIV&author=C.O.+Hileman&author=N.T.+Funderburg&volume=14&issue=3&publication_year=2017&pages=93-100&pmid=28434169&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3466592/
https://www.ncbi.nlm.nih.gov/pubmed/18171295
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Relationship+between+T+cell+activation+and+CD4++T+cell+count+in+HIV-seropositive+individuals+with+undetectable+plasma+HIV+RNA+levels+in+the+absence+of+therapy&author=P.W.+Hunt&author=J.+Brenchley&author=E.+Sinclair&author=J.M.+McCune&author=M.+Roland&volume=197&issue=1&publication_year=2008&pages=126-133&pmid=18171295&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3935475/
https://www.ncbi.nlm.nih.gov/pubmed/24185941
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Evidence+for+innate+immune+system+activation+in+HIV+type+1-infected+elite+controllers&author=S.+Krishnan&author=E.M.P.+Wilson&author=V.+Sheikh&author=A.+Rupert&author=D.+Mendoza&volume=209&issue=6&publication_year=2014&pages=931-939&pmid=24185941&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3725728/
https://www.ncbi.nlm.nih.gov/pubmed/19656066
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Persistent+low-level+viremia+in+HIV-1+elite+controllers+and+relationship+to+immunologic+parameters&author=F.+Pereyra&author=S.+Palmer&author=T.+Miura&author=B.L.+Block&author=A.+Wiegand&volume=200&issue=6&publication_year=2009&pages=984-990&pmid=19656066&
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Persistent+low-level+viremia+in+HIV-1+elite+controllers+and+relationship+to+immunologic+parameters&author=F.+Pereyra&author=S.+Palmer&author=T.+Miura&author=B.L.+Block&author=A.+Wiegand&volume=200&issue=6&publication_year=2009&pages=984-990&pmid=19656066&
https://www.ncbi.nlm.nih.gov/pubmed/31192824
https://scholar.google.com/scholar_lookup?journal=J+Acquir+Immune+Defic+Syndr&title=Cardiovascular+events+in+the+French+ANRS+HIV+controller+cohort&author=N.+No%C3%ABl&author=M.+Gominet&author=L.+Meyer&author=F.+Boufassa&author=O.+Lambotte&volume=82&issue=2&publication_year=2019&pages=e32-e34&pmid=31192824&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7069771/
https://www.ncbi.nlm.nih.gov/pubmed/31729142
https://scholar.google.com/scholar_lookup?journal=HIV+Med&title=Subclinical+cardiovascular+disease+in+HIV+controller+and+long-term+nonprogressor+populations&author=R.M.+Brusca&author=D.B.+Hanna&author=N.I.+Wada&author=J.N.+Blankson&author=M.D.+Witt&volume=21&issue=4&publication_year=2020&pages=217-227&pmid=31729142&
https://scholar.google.com/scholar_lookup?journal=HIV+Med&title=Subclinical+cardiovascular+disease+in+HIV+controller+and+long-term+nonprogressor+populations&author=R.M.+Brusca&author=D.B.+Hanna&author=N.I.+Wada&author=J.N.+Blankson&author=M.D.+Witt&volume=21&issue=4&publication_year=2020&pages=217-227&pmid=31729142&
https://www.ncbi.nlm.nih.gov/pubmed/26936669
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis&title=Analysis+of+non-AIDS-defining+events+in+HIV+controllers&author=B.+Dominguez-Molina&author=A.+Leon&author=C.+Rodriguez&author=J.M.+Benito&author=C.+Lopez-Galindez&volume=62&issue=10&publication_year=2016&pages=1304-1309&pmid=26936669&

21. Crowell T.A., Gebo K.A., Blankson J.N., Korthuis P.T., Yehia B.R., Rutstein R.M.
Hospitalization rates and reasons among HIV elite controllers and persons with
medically controlled HIV infection. J Infect Dis. 2015;211(11):1692-1702. [PMC free
article] [PubMed] [Google Scholar]

22. Crowell T.A., Ganesan A., Berry S.A., Deiss R.G., Agan B.K., Okulicz J.F.
Hospitalizations among HIV controllers and persons with medically controlled HIV in
the U.S. military HIV natural history study. J Int AIDS Soc. 2016;19(1):20524. [PMC
free article] [PubMed] [Google Scholar]

23. LiJ.Z., Segal F.P., Bosch R.J., Lalama C.M., Roberts-Toler C., Delagreverie H.
Antiretroviral therapy reduces T-cell activation and immune exhaustion markers in
human immunodeficiency virus controllers. Clin Infect Dis. 2020;70(8):1636—
1642. [PMC free article] [PubMed] [Google Scholar]

24. Hatano H., Yukl S.A., Ferre A.L., Graf E.H., Somsouk M., Sinclair E. Prospective
antiretroviral treatment of asymptomatic, HIV-1 infected controllers. PLoS
Pathog. 2013;9(10) [PMC free article] [PubMed] [Google Scholar]

25. Okulicz J.F., Grandits G.A., Weintrob A.C., Landrum M.L., Ganesan A., Crum-
Cianflone N.F. CD4 T cell count reconstitution in HIV controllers after highly active
antiretroviral therapy. Clin Infect Dis. 2010;50(8):1187-1191. [PubMed] [Google

Scholar]

26. Chen W.T., Shiu C.S., Yang J.P., Simoni J.M., Fredriksen-Goldsen karen 1., Lee
T.S.H. Antiretroviral therapy (ART) side effect impacted on quality of life, and
depressive symptomatology: a mixed-method study. J AIDS Clin

Res. 2013;4:218. [PMC free article] [PubMed] [Google Scholar]

27. Noel N., Lerolle N., Lécuroux C., Goujard C., Venet A., Saez-Cirion A.
Immunologic and virologic progression in HIV controllers: the role of viral « blips »
and immune activation in the ANRS CO21 CODEX study. PL0S

ONE. 2015;10(7) [PMC free article] [PubMed] [Google Scholar]

28. Lambotte O., Lecuroux C., Saez-Cirion A., Barbet C., Shin S.Y., Boufassa F.
Kidney transplantation in an elite HIV controller: limited impact of immunosuppressive
therapy on viro-immunological status. J Infect. 2012;64(6):630-633. [PubMed] [Gooagle

Scholar]

29. Bressy J. [French]. Prise en charge du vih - Recommandations du groupe d'experts.
conseil national du sida et des hépatites virales.

2019. https://cns.sante.fr/actualites/prise-en-charge-du-vih-recommandations-du-
groupe-dexperts/

30. Carr A, Richardson R., Liu Z. Success and failure of initial antiretroviral therapy in
adults: an updated systematic review. AIDS. 2019;33(3):443-453. [PubMed] [Google

Scholar]

31. Chen H., Ndhlovu Z.M., Liu D., Porter L.C., Fang J.W., Darko S. TCR clonotypes
modulate the protective effect of HLA class | molecules in HIV-1 infection. Nat
Immunol. 2012;13(7):691-700. [PMC free article] [PubMed] [Google Scholar]

32. Setiawan L.C., Gijsbers E.F., van Nuenen A.C., Kootstra N.A. Viral evolution in
HLA-B27-restricted CTL epitopes in human immunodeficiency virus type 1-infected
individuals. J Gen Virol. 2015;96(8):2372-2380. [PubMed] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4447832/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4447832/
https://www.ncbi.nlm.nih.gov/pubmed/25512624
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=Hospitalization+rates+and+reasons+among+HIV+elite+controllers+and+persons+with+medically+controlled+HIV+infection&author=T.A.+Crowell&author=K.A.+Gebo&author=J.N.+Blankson&author=P.T.+Korthuis&author=B.R.+Yehia&volume=211&issue=11&publication_year=2015&pages=1692-1702&pmid=25512624&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783305/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4783305/
https://www.ncbi.nlm.nih.gov/pubmed/26955965
https://scholar.google.com/scholar_lookup?journal=J+Int+AIDS+Soc&title=Hospitalizations+among+HIV+controllers+and+persons+with+medically+controlled+HIV+in+the+U.S.+military+HIV+natural+history+study&author=T.A.+Crowell&author=A.+Ganesan&author=S.A.+Berry&author=R.G.+Deiss&author=B.K.+Agan&volume=19&issue=1&publication_year=2016&pages=20524&pmid=26955965&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7146008/
https://www.ncbi.nlm.nih.gov/pubmed/31131858
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis&title=Antiretroviral+therapy+reduces+T-cell+activation+and+immune+exhaustion+markers+in+human+immunodeficiency+virus+controllers&author=J.Z.+Li&author=F.P.+Segal&author=R.J.+Bosch&author=C.M.+Lalama&author=C.+Roberts-Toler&volume=70&issue=8&publication_year=2020&pages=1636-1642&pmid=31131858&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3795031/
https://www.ncbi.nlm.nih.gov/pubmed/24130489
https://scholar.google.com/scholar_lookup?journal=PLoS+Pathog&title=Prospective+antiretroviral+treatment+of+asymptomatic,+HIV-1+infected+controllers&author=H.+Hatano&author=S.A.+Yukl&author=A.L.+Ferre&author=E.H.+Graf&author=M.+Somsouk&volume=9&issue=10&publication_year=2013&
https://www.ncbi.nlm.nih.gov/pubmed/20218878
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis&title=CD4+T+cell+count+reconstitution+in+HIV+controllers+after+highly+active+antiretroviral+therapy&author=J.F.+Okulicz&author=G.A.+Grandits&author=A.C.+Weintrob&author=M.L.+Landrum&author=A.+Ganesan&volume=50&issue=8&publication_year=2010&pages=1187-1191&pmid=20218878&
https://scholar.google.com/scholar_lookup?journal=Clin+Infect+Dis&title=CD4+T+cell+count+reconstitution+in+HIV+controllers+after+highly+active+antiretroviral+therapy&author=J.F.+Okulicz&author=G.A.+Grandits&author=A.C.+Weintrob&author=M.L.+Landrum&author=A.+Ganesan&volume=50&issue=8&publication_year=2010&pages=1187-1191&pmid=20218878&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3786003/
https://www.ncbi.nlm.nih.gov/pubmed/24083060
https://scholar.google.com/scholar_lookup?journal=J+AIDS+Clin+Res&title=Antiretroviral+therapy+(ART)+side+effect+impacted+on+quality+of+life,+and+depressive+symptomatology:+a+mixed-method+study&author=W.T.+Chen&author=C.S.+Shiu&author=J.P.+Yang&author=J.M.+Simoni&author=I.+Fredriksen-Goldsen+karen&volume=4&publication_year=2013&pages=218&pmid=24083060&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493076/
https://www.ncbi.nlm.nih.gov/pubmed/26146823
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=Immunologic+and+virologic+progression+in+HIV+controllers:+the+role+of+viral+%C2%AB+blips+%C2%BB+and+immune+activation+in+the+ANRS+CO21+CODEX+study&author=N.+Noel&author=N.+Lerolle&author=C.+L%C3%A9curoux&author=C.+Goujard&author=A.+Venet&volume=10&issue=7&publication_year=2015&
https://www.ncbi.nlm.nih.gov/pubmed/22406689
https://scholar.google.com/scholar_lookup?journal=J+Infect&title=Kidney+transplantation+in+an+elite+HIV+controller:+limited+impact+of+immunosuppressive+therapy+on+viro-immunological+status&author=O.+Lambotte&author=C.+Lecuroux&author=A.+Saez-Cirion&author=C.+Barbet&author=S.Y.+Shin&volume=64&issue=6&publication_year=2012&pages=630-633&pmid=22406689&
https://scholar.google.com/scholar_lookup?journal=J+Infect&title=Kidney+transplantation+in+an+elite+HIV+controller:+limited+impact+of+immunosuppressive+therapy+on+viro-immunological+status&author=O.+Lambotte&author=C.+Lecuroux&author=A.+Saez-Cirion&author=C.+Barbet&author=S.Y.+Shin&volume=64&issue=6&publication_year=2012&pages=630-633&pmid=22406689&
https://cns.sante.fr/actualites/prise-en-charge-du-vih-recommandations-du-groupe-dexperts/
https://cns.sante.fr/actualites/prise-en-charge-du-vih-recommandations-du-groupe-dexperts/
https://www.ncbi.nlm.nih.gov/pubmed/30475265
https://scholar.google.com/scholar_lookup?journal=AIDS&title=Success+and+failure+of+initial+antiretroviral+therapy+in+adults:+an+updated+systematic+review&author=A.+Carr&author=R.+Richardson&author=Z.+Liu&volume=33&issue=3&publication_year=2019&pages=443-453&pmid=30475265&
https://scholar.google.com/scholar_lookup?journal=AIDS&title=Success+and+failure+of+initial+antiretroviral+therapy+in+adults:+an+updated+systematic+review&author=A.+Carr&author=R.+Richardson&author=Z.+Liu&volume=33&issue=3&publication_year=2019&pages=443-453&pmid=30475265&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3538851/
https://www.ncbi.nlm.nih.gov/pubmed/22683743
https://scholar.google.com/scholar_lookup?journal=Nat+Immunol&title=TCR+clonotypes+modulate+the+protective+effect+of+HLA+class+I+molecules+in+HIV-1+infection&author=H.+Chen&author=Z.M.+Ndhlovu&author=D.+Liu&author=L.C.+Porter&author=J.W.+Fang&volume=13&issue=7&publication_year=2012&pages=691-700&pmid=22683743&
https://www.ncbi.nlm.nih.gov/pubmed/25872744
https://scholar.google.com/scholar_lookup?journal=J+Gen+Virol&title=Viral+evolution+in+HLA-B27-restricted+CTL+epitopes+in+human+immunodeficiency+virus+type+1-infected+individuals&author=L.C.+Setiawan&author=E.F.+Gijsbers&author=A.C.+van+Nuenen&author=N.A.+Kootstra&volume=96&issue=8&publication_year=2015&pages=2372-2380&pmid=25872744&

33. Chereau F., Madec Y., Sabin C., Obel N., Ruiz-Mateos E., Chrysos G. Impact of
CD4 and CD8 dynamics and viral rebounds on loss of virological control in HIV
controllers. PLoS ONE. 2017;12(4) [PMC free article] [PubMed] [Google Scholar]

34. Leon A., Perez |, Ruiz-Mateos E., Benito J.M., Leal M., Lopez-Galindez C. Rate
and predictors of progression in elite and viremic HIV-1
controllers. AIDS. 2016;30(8):1209-1220. [PubMed] [Google Scholar]

35. Noel N., Pefia R., David A., Avettand-Fenoel V., Erkizia I., Jimenez E. Long-term
spontaneous control of HIV-1 is related to low frequency of infected cells and
inefficient viral reactivation. J Virol. 2016;90(13):6148-6158. [PMC free

article] [PubMed] [Google Scholar]

36. Hutter G., Nowak D., Mossner M., Ganepola S., MlRig A., Allers K. Long-term
control of HIV by CCRS5 Delta32/Delta32 stem-cell transplantation. N Engl J
Med. 2009;360(7):692-698. [PubMed] [Google Scholar]

37. Manto A., Castro A., Goujard C., Meyer L., Lambotte O., Essat A., Shaiykova A.,
Boufassa F., Noél N. Non-AIDS defining events in HIV controllers vs. ART controlled
patients. Proceedings of the CROI Conference; Boston(USA); 2020. March 8-

11. [Google Scholar]

38. Quinn T.C., Wawer M.J., Sewankambo N., Serwadda D., Li C., Wabwire-Mangen
F. Viral load and heterosexual transmission of human immunodeficiency virus type 1. N
Engl J Med. 2000;342(13):921-929. [PubMed] [Google Scholar]

39. Chaix M.-.L., Boufassa F., Meyzer C., Leruez-Ville M., Mahjoub N., Nere M.-.L.
Detectable HIV-RNA in semen of HIV controllers. PLoS ONE. 2017;12(8) [PMC free
article] [PubMed] [Google Scholar]

40. Préau M., Mora M., Puppo C., Laguette V., Sagaon-Teyssier L., Boufassa F. Does
quality of life and sexual quality of life in HIV patients differ between non-treated HIV
controllers and treated patients in the French ANRS VESPA 2 national survey? AIDS
Behav. 2019;23(1):132-139. [PubMed] [Google Scholar]

41. Jilg N., Garcia-Broncano P., Peluso M., Segal F.P., Bosch R.J., Roberts-Toler C.
HIV controllers maintain viral suppression despite waning T-cell responses on art. J
Infect Dis. 2020;222(11):1837-1842. [PMC free article] [PubMed] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381858/
https://www.ncbi.nlm.nih.gov/pubmed/28380038
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=Impact+of+CD4+and+CD8+dynamics+and+viral+rebounds+on+loss+of+virological+control+in+HIV+controllers&author=F.+Chereau&author=Y.+Madec&author=C.+Sabin&author=N.+Obel&author=E.+Ruiz-Mateos&volume=12&issue=4&publication_year=2017&
https://www.ncbi.nlm.nih.gov/pubmed/26854807
https://scholar.google.com/scholar_lookup?journal=AIDS&title=Rate+and+predictors+of+progression+in+elite+and+viremic+HIV-1+controllers&author=A.+Leon&author=I.+Perez&author=E.+Ruiz-Mateos&author=J.M.+Benito&author=M.+Leal&volume=30&issue=8&publication_year=2016&pages=1209-1220&pmid=26854807&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4907242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4907242/
https://www.ncbi.nlm.nih.gov/pubmed/27122576
https://scholar.google.com/scholar_lookup?journal=J+Virol&title=Long-term+spontaneous+control+of+HIV-1+is+related+to+low+frequency+of+infected+cells+and+inefficient+viral+reactivation&author=N.+Noel&author=R.+Pe%C3%B1a&author=A.+David&author=V.+Avettand-Fenoel&author=I.+Erkizia&volume=90&issue=13&publication_year=2016&pages=6148-6158&pmid=27122576&
https://www.ncbi.nlm.nih.gov/pubmed/19213682
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Long-term+control+of+HIV+by+CCR5+Delta32/Delta32+stem-cell+transplantation&author=G.+H%C3%BCtter&author=D.+Nowak&author=M.+Mossner&author=S.+Ganepola&author=A.+M%C3%BC%C3%9Fig&volume=360&issue=7&publication_year=2009&pages=692-698&pmid=19213682&
https://scholar.google.com/scholar_lookup?title=Proceedings+of+the+CROI+Conference&author=A.+Manto&author=A.+Castro&author=C.+Goujard&author=L.+Meyer&author=O.+Lambotte&publication_year=2020&
https://www.ncbi.nlm.nih.gov/pubmed/10738050
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Viral+load+and+heterosexual+transmission+of+human+immunodeficiency+virus+type+1&author=T.C.+Quinn&author=M.J.+Wawer&author=N.+Sewankambo&author=D.+Serwadda&author=C.+Li&volume=342&issue=13&publication_year=2000&pages=921-929&pmid=10738050&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5558985/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5558985/
https://www.ncbi.nlm.nih.gov/pubmed/28813503
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=Detectable+HIV-RNA+in+semen+of+HIV+controllers&author=M.-.L.+Chaix&author=F.+Boufassa&author=C.+Meyzer&author=M.+Leruez-Ville&author=N.+Mahjoub&volume=12&issue=8&publication_year=2017&
https://www.ncbi.nlm.nih.gov/pubmed/30073634
https://scholar.google.com/scholar_lookup?journal=AIDS+Behav&title=Does+quality+of+life+and+sexual+quality+of+life+in+HIV+patients+differ+between+non-treated+HIV+controllers+and+treated+patients+in+the+French+ANRS+VESPA+2+national+survey?&author=M.+Pr%C3%A9au&author=M.+Mora&author=C.+Puppo&author=V.+Laguette&author=L.+Sagaon-Teyssier&volume=23&issue=1&publication_year=2019&pages=132-139&pmid=30073634&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7896274/
https://www.ncbi.nlm.nih.gov/pubmed/32496516
https://scholar.google.com/scholar_lookup?journal=J+Infect+Dis&title=HIV+controllers+maintain+viral+suppression+despite+waning+T-cell+responses+on+art&author=N.+Jilg&author=P.+Garcia-Broncano&author=M.+Peluso&author=F.P.+Segal&author=R.J.+Bosch&volume=222&issue=11&publication_year=2020&pages=1837-1842&pmid=32496516&

