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ABSTRACT / KEY WORD PAGE

Background
Despite modern antiretroviral therapy, HIV-1 RNAcage into the cerebrospinal fluid (CSF) may octe examined the prevalence of and

factors associated with CSF HIV-1 escape ‘amonglediopg with HIV (PLWH) in Switzerland.

Setting
The Neurocognitive Assessment.in the Metabolicagkhg Cohort (NAMACO) study is an ongoing, prospeet longitudinal, multicenter
study within the Swiss HIV Cohort Study. The nettd platform is a multi-disciplinary, single-day tpatient consultation at Lausanne

University Hospital.

Methods
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We pooled data from the NAMACO study and the nedbg-platform participants who underwent lumbar pume (LP) between 2011 and
2019. Both patient groups had neurocognitive symptadCSF HIV-1 escape was defined as.the presermeantifiable CSF HIV-1 RNA when

plasma HIV-1 RNA was suppressed or CSF HIV-1 RNéager than plasma HIV-1 RNA when the latter wagsdable.

Results

Of 1166 PLWH assessed, 288 underwent LP. CSF Hégehpe was observed in 25 PLWH (8.7%) of whom $%j7had supressed plasma
HIV-1 RNA. Characteristics of PLWH were comparableether they had CSF HIV-1 escape or not, includiognorbidities, time since HIV
diagnosis (15 vs 16 yeays;0.9), median CD4 nadir (158.5/miws 171/mm, p=0.6), antiretroviral CSF-Penetration-Effectivensssre (7 vs 7

points,p=0.8), neurocognitive diagnosis based on Frasdéria and radiological findings.

Conclusions
In this large pooled sample of PLWH with neurocdgei symptoms, CSF HIV-1 escape occurred in 8.7%I10VH. PLWH with CSF HIV-1

escape presented no distinctive clinical or pamasadi characteristics. We conclude that LP is urdalde in confirming CSF HIV-1 escape.

Keywords: neuro-HIV, CSF escape, neurocognitive, compartntisathinfection, reservoir
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TEXT
INTRODUCTION

Early after acute infection, human immunodeficierays-1 (HIV-1) invades the brain tissue wherestablishes latency, thus contributing to
the formation of a central nervous system (CNS¢mesr *. Despite the high efficacy of modern antiretrovtreerapy (ART) in reducing both
plasma and cerebrospinal fluid (CSF) HIV-1 ribomirclacid (RNA)?, higher HIV-1 RNA levels in CSF than plasma armetimes observed in
ART-treated individuals. This discordance is reddrto as CSF HIV-1 escapé. Concern has been raised that viral persistentieei€SF may
result in chronic immune activation and inflammati® ° and, more rarely, to compartmentalised drug msis leading to ongoing
neuroinflammatory damadé'®. Whilst the exact origin of detectable CSE HIVelains unclear, hypotheses include ongoing vigliaation
within the brain itself and transitory CSF compagtiexposure to virus transported via migratingobloells® . Management of CSF HIV-1
escape rests mainly on ART optimisation, includgsmotypic viral resistance testing in plasma andé,G&oiding atazanavir-based and dual
ART therapies, and considering double-dose dolategin cases with documented or suspected integsésnd transfer inhibitor (INSTI)

resistancé?, although no universally accepted practi¢e culyentists due to insufficient scientific evidence.

Among people living with HIV (PLWH) on ART, the reped prevalence of CSF HIV-1 escape is highlyalde between studies, ranging from
3% to 28%'% *#(Table 1). Predictive factors for CSF HIV-1 escape inclime ART CNS penetratioft’, protease inhibitor (P1)-based ART
regimens® 2% %! persistent low-level viremi&" 2* 2° length of time on ART" ?° drug resistant virus in the C8#> ?® low CD4 count nadi?

2025 26and CSF pleiocytosi¥” 2> ?* However, many of these studies reporting on ptiei factors were case series and/or included PLWH
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from different ART eras in whom lumbar puncture YIWas obtained for highly disparate reasons. Waslgmptomatic CSF HIV-1 escape is
described” 2" a wide spectrum of neurocognitive symptoms agrdssassociated with CSF HIV-1 escape has beenillegcranging from mild
memory impairment to HIV-associated demeftiaHowever, given that CSF HIV-1 RNA levels do nbways correlate with neurocognitive

symptoms and sigr$' 2> the relationship between CSF HIV-1 escape amiceli characteristics is yet to be elucidated.

The objectives of this study were to evaluate thev@lence of CSF HIV-1 escape among PLWH in Swiper and to identify potential

predictive factors and clinical characteristicsoasated with this phenomenon.

METHODS
Study design

In a cross-sectional observational analysis, weospectively identified and pooled data from PLWianh two different patient groups in
Switzerland who had undergone LP. Patients front ggoup were included in the current study regasiief plasma HIV-1 RNA level and

ART regimen.

The first patient group was a subset of the Newgpitve Assessment in the Metabolic and Aging ColBrAMACO) study, an ongoing,
prospective, longitudinal, multicentre and mulgiiral study which includes people with HIV aged5 years, enrolled in the Swiss HIV Cohort

Study (SHCSY® *° While the NAMACO study recruits asymptomatic ayinptomatic patients, all participants diagnoseith weurocognitive
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impairment (NCI) as part of the NAMACO study evdlaa are offered formal neurological examinatioraib magnetic resonance imaging
(MRI) and LP (targeted testing approach, opt-outsemt), as recommended by the European AIDS CliSicaiety*?>. NAMACO participants

do not undergo formal psychiatric evaluation blitamplete the Center for Epidemiologic Studies f@spion (CES-D) scale, a questionnaire
rating depressive symptoms For the current study, we included NAMACO studirtizipants diagnosed with NCI who had undergone LP
(Figure 1). In the NAMACO study database, it was possibledentify ART changes but not possible to determimether the change occurred

in response to CSF escape.

The second patient group comprised patients assassemulti-disciplinary, single-day outpatienur@HIV platform, conducted at Lausanne
University Hospital. The neuro-HIV platform recesvavo to three PLWH with symptomatic or suspecteéd Ner month®.. Platform patients
can be of any age, from all over Switzerland, antbléed in the SHCS .or not. All are offered a fdiagnostic work-up with specialist
neurological, neuropsychological, psychiatric adtf Evaluation, brain‘/MRI and LP (universal testimgproach, opt-out conserit) Depression
is diagnosed using the Montgomery-Asberg DepresRating Scale (MADRS) scale and following formalgsiatric assessment. Medical

records and all clinic letters were available fibnauro-HIV platform patients seen at our centre.
Standard Protocol Approvals, Registrations, and Patient Consents

The ethics committees of each cantonal hospitate@approved the NAMACO study protocol and the atldommittee of the Canton of Vaud
approved the neuro-HIV platform protocol (Studytpoml number 44/11,"7February 2011). All participants signed informeshsent prior to

inclusion in the respective studies.
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Definitions

Patients were classified as symptomatic when ramgprheurocognitive symptoms or when presenting ailyje neuropsychological
abnormalities. NCI was diagnosed and classifiednuglnical neuropsychological evaluation accordingFrascati criterid". Based on this
classification, non-HIV associated NCI refers toINMGnsidered to be due to untreated or suboptimesigted conditions not directly linked to
HIV, such as psychiatric disorders (including degren), substance use, ART toxicity and structdaeshage associated with neurodegenerative
disorders, previous opportunistic CNS infectiongls, or trauma. In cases for which both HIV- adiHIV-associated factors were identified
in the same patient, the most probable cause wWasedefter discussion between different specmlistthe neuro-HIV platform and based on
neuropsychological evaluation in the NAMACO stublyp patient in our study had a CNS co-infection upssessment for CSF HIV-1 escape.
All patients had plasma HIV-1 RNA measured at fheetof CSF HIV-1 ' RNA measurements. In our studyFG8V-1 escape was defined as
either the presence of quantifiable HIV-1 RNA ire t&SF at any level when plasma HIV-1 RNA was urdetde or as CSF HIV-1 RNA
greater than plasma HIV-1 RNA when.the latter watectable, as previously described and currentgmenended by the European AIDS
Clinical Society** ** Detectable HIV-1 RNA was defined as any HIV-1 RNétected above the local laboratory’s PCR detediinit, which
was at 20 copies per ml in our.study. Measureme6iS# white blood cell count, total protein andyoklonal bands, and peripheral blood CD4
count was performed using routine methods. Genotyipal resistance tests were performed in CSHasmpa samples when clinically indicated
and technically feasible. ART penetration in the SCWas estimated using the CNS penetration-effentis® (CPE) score, as proposed by

Letendreet al in the CNS HIV Antiretroviral Therapy Effects Reseh (CHARTER) Study®. Finally, standard clinical 3-Tesla MRI protocols

Copyright © 2023 The Author(s). Published by Wdlt&tuwer Health, Inc.
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were employed, encompassing high resolution T1dwedymagnetisation, as well as T2* mapping, MP2RAGiEusion tensor imaging and
Flair 3D sequences. MRI examination in NCI is perfed to exclude structural brain abnormalities Whinay explain neurocognitive
symptoms, rather than to ‘diagnose’ HIV-associdiétl. As no specific radiological pattern has beeoognized to date, MRI examinations
performed in the two patient groups were considatatbrmal in the presence of any pathological figdeported by the radiologist, regardless

of the finding's clinical relevance, including greywhite matter lesion (of any degree) with orhaeiit contrast-enhancement, brain atrophy or

mass effect.
Statistical analysis

Statistical analyses were performed using StatalBHKStataCorp, College Station, TX). Descriptiveutes were expressed as proportion
(percentage) or as median with interquartile raff@®). The Pearso;@2 or the Fischer's exact test (for categorical \es), or the Wilcoxon

Rank-Sum test (for continuous variables) were tisexyaluate differences in characteristics betwgenps.
Data Availability

Data not provided in the article because of spmeiations may be shared (anonymised) at the reqiesy qualified investigator for purposes

of replicating procedures and results.

RESULTS

Copyright © 2023 The Author(s). Published by Wdlt&tuwer Health, Inc.
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From March 2011 to April 2019, we assessed a titdl166 patients across the two patient groups (M&D and neuro-HIV platform) of
whom we excluded 878 patients who did not undefgoAmong the remaining 288 patients, 25 (8.7%) wiaignosed with CSF HIV-1 escape

(Figure 1). Of these, only three patients of 25 (12%) ha# EB/-1 RNA <1.0 logpgreater than plasma HIV-1 RNA.

We observed no significant difference between p&iwith and without CSF HIV-1 escape in termshaiit demographic profile, comorbidities
or brain MRI findings Table 2). Among patients with CSF HIV-1 escape, 17 (68%d An abnormal MRI of whom seven (41.1%) had calrtic
or subcortical atrophy, four (23.5%) had white matibnormalities, one (5.8%) had contrast-enhaneisigns and five (29.4%) had unknown
radiological abnormalities (missing data). No siigaint difference among different MRI patterns wasserved between patients with and
without CSF HIV-1 escape. We found that detectpbdema HIV-1 RNA was more frequent in patients vitBF HIV-1 escape (six patients of
25, 24%) compared to patients with no CSF escapepéZients of 263, 10.7%=0.04; Cohen’s d=0.49, 95% CI: 0.08-0.90). We founad
significant difference in neurocognitive performantdased on Frascati criterigg=0.9). Among patients with CSF HIV-1 escape,
neuropsychological evaluation revealed ‘normal neagnitive function in four patients (16%), HIV-assated NCI in ten patients (40%) and
non-HIV-associated NCI in 11 patients (44%). Amadhg 11 patients with non-HIV-associated NCI, ni8&.8%) had depression and one had
mental retardation (9%); the specific cause wasanailable for the last patient. Symptoms of degimgswere present in 18.3% (28/153) of
NAMACO study participants, based on a CES-D scdré émoderate to severe depressive symptoms) anméssépn was diagnosed in 82.8%
(111/132) of neuro-HIV platform patients, basedMADRS and psychiatric evaluation. Overall, thereswa significant association between

depression and CSF HIV-1 escape(.5). Regarding ART, we found no difference in C&iére (=0.8) nor in ART regimens, although we

Copyright © 2023 The Author(s). Published by Wdlt&tuwer Health, Inc.
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observed a trend towards more patients on duahplygiincluding dolutegravir plus lamivudine or filine) in the CSF HIV-1 grouppE0.07)
(Table 2). Regarding CSF analysis, abnormal CSF white bloelts were more prevalent in the CSF HIV-1 escgpmup <0.001). We
observed no difference in CSF proteins betweenwegroups (=0.5). Among patients evaluated in the neuro-Hlgtfolrm, the presence of
CSF-specific oligoclonal bands as a sign of inta#h IgG synthesis did not differ between patievith or without CSF HIV-1 escapd &ble

2).

Of the 25 patients with CSF HIV-1 escape, three¥{)lhad low levels of detectable plasma HIV-1, defiras plasma HIV-1 RNA >50
copies/mL and <200 copies/ml, but this proporticeswnot significantly different to that among patsewith no CSF escap@<0.08). When
comparing other plasma HIV-1 cut-offs, namely plagiiV-1 RNA >50 copies/ml and <400, <500 or <10@pies/ml, a significant difference
was observed between patients with and without €Stape g=0.02, p=0.02 andp=0.03, respectively). However, we could not examine
persistent low-level viremia (requiring at leasbtaonsecutive plasma‘HIV-1 RNA measurements aenanths of ART®) due to the lack of
longitudinal data. Furthermore, isolated HIV-1 st@nce in CSF (with ART-sensitive HIV-1 in plasmas observed in three patients with CSF
HIV-1 escape (12%). However, viral genotyping was noutinely performed in all patients and was wegsgsful in patients with low CSF HIV-

1 RNA. Among patients with CSF HIV-1 escape, ARTitstwwas proposed in six patients (of 25, 24%)fralin the neuro-HIV platform. The
switch indication was isolated CSF viral resistamgethree patients and ART optimisation in terms bafrden pill, potential toxicity,
pharmacokinetics and/or CPE score in the otheethatients. Characteristics of patients diagnosdd @SF HIV-1 escape are shownTiable

3.
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DISCUSSION

In this cross-sectional analysis of a large casesef PLWH with suspected or confirmed NCI, theyalence of CSF HIV-1 escape was 9%
(25 patients), based on the latest definittér®* Among the 19 patients with. CSF HIV<1 escape andetectable plasma HIV-1 RNA, no

parameter (or group of parameters) was predictiveSFH viral escape, demonstrating that LP istHg mreans of confirming this phenomenon.

An important consideration when estimating CSF HI\éscape prevalence is whether the study popul&i@ymptomatic or exclusively
asymptomatic. Asymptomatic CSF HIV-1 escape refensatients who are free of symptoms but who hateadable CSF HIV-1 RNA. This
should be distinguished from asymptomatic NCI, Wwhimplies the presence of mild NCI without func@mmpairment (unimpaired activities
of daily living) independent of CSF viral statid While most of patients in our study reported oeognitive symptoms, formal
neuropsychological evaluation did not confirm N@I116% of patients with and 15% of patients with@8F HIV-1 escape. In comparison,
among studies of exclusively symptomatic patie@SF HIV<1 escape prevalence ranged from 339> '8to 28%°. Similarly, studies
including both symptomatic and asymptomatic pasiestftowed a prevalence varying between 4% and 28% %> Among asymptomatic

patients in one case series by Edeal; CSF HIV-1 escape prevalence was estimated at'1(¥able 2).

Consistent with previous studies®’ 2% it was not possible in our study population tifedentiate between patients with or without CSK/HI

escape on the basis of demographic profile, cordibids, brain MRI findings or neurocognitive diagmbased on Frascati criteribaple 1).
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These results underline the lack of sensitivity apdcificity of these diagnostic tools, which igtpjadue to the non-specific clinical features
associated with CSF escape. In other words, it reihains unknown why some CSF HIV-1 escape evargsassociated with cognitive
impairment while others are not. Regarding CSFyamalwe found elevated CSF white blood cells t@Isérong predictive factor for CSF HIV-

1 escape, as previously descrii&d® # but this was not the case for CSF proteins.

As for HIV-related characteristics, detectable pladHIV-1 RNA was assaociated with CSF HIV-1 escgped(04). However, although 90% of
patients without CSF HIV-1 escape had undetectdiNel RNA in plasma, three quarters of patientstw@SF HIV-1 escape also had well-
controlled infection. This is similar to previousports® ?° 22 We did observe an association between plasmalHWifal loads up to 400
copies/ml and CSF HIV-1 escapp=0.02). However, this association was not obsemveen using a cut-off of 200 copies/ng=0.08),
probably due to low sample size. Of note, the pration of this result is'limited by the crosstgmnal nature of our study and the lack of
consecutive plasma viral load measurements. A aimgsociation between CSF HIV-1 escape and viremgreported by Nightingaks al in

a prospective multicentre study of 153 patientthenUnited Kingdom, where CSF HIV-1 escape was domnseven out of 40 patients (18%)
with low-level viremia compared to none of the 48ignts who had complete (plasma) viral suppresgieaf.005)?°. Another cross-sectional
study of 69 asymptomatic patients with undetectalvkmia in two clinical centres in Sweden and foafiia reported that the number of plasma
viral blips was strongly associated with CSF HI\éslcape, with a median of 2.5 blips (IQR 1-4) coragdo zero blips (IQR 0-1) in the group
without CSF HIV-1 escapg£0.001)*’. Recurrent CSF HIV-1 escape in patients with his&b evidence of low-level viremia has been also

described?®.
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Regarding ART, the CPE score was not predictiveC8F viral escape in our study. Several other ssutieve failed to demonstrate an
association between CPE and CSF viral estap® %! Protease inhibitor-based regimens have been stmie associated with more frequent
CSF HIV-1 escap&® 2% %! although this was not confirmed in our study. i&irty, we found no difference in dolutegravir usetween patients
with and without CSF HIV-1 escape although patiemslolutegravir were under-represented in ouesefinally, we observed a trend towards
more CSF HIV-1 escape among PLWH on dual therapyraviously describéd. This remains to be confirmed by studies with Emgatient

follow-up.

Two small retrospective case series have descphé&dnts with‘undetectable plasma HIV-1 RNA on ARfo developed new neurological
and/or neurocognitive symptoms without alternathi@gnoses and who had detectable CSF HIV-1 RNA In our study of 25 patients with
CSF HIV-1 escape, almost half were diagnosed, paiedlly, as'having non-HIV associated NCI. Theaégnts were mostly from the neuro-
HIV platform group and so symptomatic by definitiohhe diagnesis of non-HIV-associated NCI could endeen based on concomitant
depressive symptoms or diagnosed depression. EqdNANMACO study factors not directly linked to HN\such as toxic substance use or
concomitant medicines with neurological toxicityene present in some patients, which may have d@efesr masked HIV-associated NCI
according to current definition: >’ Some of these patients may still have been @ledsiorrectly as having non-HIV associated NCIthwi
CSF HIV-1 escape representing a CSF viral blip ewthclinical consequence rather than persistent @& replication. In keeping with this,

four patients (16%) diagnosed with CSF HIV-1 esdagq no proven NCI.
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It is unclear whether CSF HIV-1 escape represem@&ctive CNS infection despite effective ART or wiex, similar to plasma blips, it reflects
low-level variations in release of virus into th&E compartment. The clinical significance of thebenomena is yet to be elucidated. A
retrospective longitudinal study by Edenal showed that at least one CSF HIV-1 blip may odoumore than one third of asymptomatic
PLWH, with only 3% having repeatedly detectable OSftis and thus clinically relevant CSE HIV-1 esed). At the other extreme,
compartmentalisation of resistant HIV-1 in the Q8&y occur with potentially devastating neurologicahsequence’s®, and this phenomenon
should always be excluded if technically feasfldn our study, we observed isolated HIV-1 resistaim CSF (with undetectable HIV-1 RNA
in plasma) in 12% of patients with CSF HIV-1 escameimilar figure to that reported.in a serie86fsymptomatic patient®. Of note, the
diagnosis of CSF HIV-1 escape resulted in ART miodifon in a quarter of our patients, illustratithg benefit of early diagnosis of CSF HIV-1
escape via LP. The choice of the new ART regimen imdividualised and based on the treatment (pitdbn, toxicity profile, drug-drug
interactions), genotypic viral resistance testiplgarmacokinetics, and scientific evidence for C3%-H escape treatment availakdethe time

of patient assessment. While this included review and/or optimisation ©@PE score (study period 2011-2019), data fromNAMACO study

subsequently demonstrated a non-association bet@@Erscore and NCI.

Our study has limitations. First, a potential setatbias exists for NAMACO study participants wbould be symptomatic or asymptomatic
prior to neurocognitive assessment. Neuro-HIV platf patients were all symptomatic or suspectedlimjc@ans of having NCI. Second, the
cross-sectional design did not allow us to deteentire persistence of CSF HIV-1 escape or the pibgsitf late-onset NCI development in

initially asymptomatic PLWH with CSF HIV-1 escap®r the clinical and virological outcome after ARTodification. Furthermore, because
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we lacked longitudinal analysis, we described pasgi@s having low levels of viremia at the timeplefsma sampling which is not the same as
‘low-level viremia’, a clinical entity which requas at least two consecutive plasma samples shaeiiegtable HIV-1 RNA. Third, our analyses
did not account for other neuropsychiatric condisithat can affect neurocognitive performance sihese were assessed differently in the two
study groups (depressive symptoms in the NAMAC@st@and formal psychiatric evaluation in the neur®glatform). Fourth, the older age

of patients included (mainly due to the NAMACO studclusion criteria) may limit the generalisahyliof our findings in younger populations.
Finally, while ART adherence is a critical factarmaintaining durable viral suppressidrand low adherence has been shown to be associated

with NCI %, this could not be fully assessed in our studytdiacomplete quantitative data.

Despite these limitations, this study adds to tbeybof literature reporting CSF HIV-1 escape, beitagdate, the largest European case series
and the largest case series worldwide studyinguskaly symptomatic patients, and one of the largeing the latest CSF HIV-1 escape
definition ** 3% In addition, our results are pragmatic and refteal-life situations, while assessing CSF HIVstape in a systematic way.
Finally, the median age in our study was 53 ygaagtly due to the NAMACO age-related inclusioneatiibn, which is the oldest median age of
PLWH in a CSF HIV-1 escape series. This is of paléir importance given the ageing of PLWH whichagsociated with an increasing

incidence of non-HIV-related comorbidities, incladiNCI of non-viral aetiology.

In conclusion, we observed CSF HIV-1 escape in 8of%atients with suspected or confirmed NCI iraggé case series. Importantly, three
guarters of our patients with CSF HIV-1 escape inadetectable plasma viral loads. With the exceptibdetectable plasma HIV-1 RNA, we

found no reliable demographic, clinical, immunoktalj neurocognitive or radiological predictive facfor CSF HIV-1 escape. Hence, we
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conclude that LP is the only means to detect CS¥HkEkscape, and should be considered in all patiprésenting NCI, especially in the
absence of other factors not directly linked to H&$ the identification of CSF HIV-1 escape throudgh may prompt ART modification.
However, in the exception of documented compartaleetd CSF resistance, it is still unknown whetled to what extent CSF HIV-1 escape
might correlate with clinical outcome. Longitudirgtbidies will improve our understanding of the agsmn between CSF HIV-1 escape and
long-term CNS clinical outcomes by exploring theeyalence of viral persistence in the CSF and etialmahe clinical impact of ART

modification in patients presenting CSF HIV-1 escap
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FIGURE CAPTIONS

Figure 1. Flow diagram of included patient

Total of 1166 patients assessed
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NAMACO study
981 patients assessed

Neuro-HIV platform

185 patients assessed
836 patients 42 patients
without LP without LP
288 patients
underwent LP

263 patients (91.3%)
without CSF HIV-1 escape

25 patients (8.7%)
with CSF HIV-1 escape

19 patients (76%)
with undetectable
plasma HIV-1RNA

6 patients (24%)
with detectable
plasma HIV-1 RNA
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Authors, publication Geographical location Study Total DAGe (years)s Pz e Defirition 0P ESFNaUE A sSeNmber Gf 1 EStimated o | Asymptomatic’ patients
year period participants, HIV-1 escape CSF HIV-1 prevalence with CSF HIV-1 escape,
n escape cases n (%)
Studies including asymptomatic patients
Eden et al, 2010 Gothenburg, Sweden 2002-2010 69 45 PVL: <50, CVL: >50 7 10% 69 (100%)
San Francisco, USA (median)
Studies including both asymptomatic and neuro-symmmatic patients (sorted by CSF HIV-1 escape defindn)
Calcagno et al, 2015 Torino, Italy NS 127 46 PVL: <50, CVL: >50 24 28.6% NS
(median)
Pérez-Valero et al, 2019 USA 2003-2011 1264 46 PVL: <50, CVL: >50 55 4.4% 34 (61.8%)
(HNRC, CHARTER) (mean)
De Almeida et al, 2020 Parand, Brazil 2018 68 43 | PVL: <50, CVL: >50 7 10.3% NS
(median)
Rawson et al, 2012 London, UK 2008-201j0 142 45 | PVL: <50, CVL: >200 or 30 21% NS
(mean) CVL>0.5logg PVL (mainly symptomatic)
Mukeriji et al, 2017 USA (Boston, NNTC) 2005-201p 662 50 PVL: <50, CVL: >50.0r 41 6.5% 30 (73.1%)
(mean) CVL >0.5 logo PVL
Trunfio et al, 2020 Torino, Italy 2010-2019 97 NS VIP <20, CVL: >20_or 19 19.6% NS
CVL >0.5 loge PVL (mainly symptomatic)
Mukeriji et al, 2018 USA (NNTC, 2005-2016 1063 46 PVL: <50, CVL: >50_or 77 7.2% 33 (42.9%)
CHARTER, HNRC) (mean) CVL > PVL
Studies including neuro-symptomatic patients (sorte by CSF HIV-1 escape definition)
Bavaro et al, 2019 Bari, Italy 2001-2015 75 425 | PVL: <25, CVL: >25 2 3% 0 (0%)
(median)
Kugathasan et al, 2017 London, UK 2011-2015 146 45 |\PVL: <50, CVL: >50 9 6.2% 0 (0%)
(median)
Di Carlofelice et al, 2018 London, UK 2015-201y 38 51 PVL: <20, CVL: >20.0r 2 5.3% 0 (0%)
(median) CVL >0.5 logg PVL
Dravid et al, 2018 Pune, Western India 2009-20[L7 71 38 PVL: <20, CVL: >20.0or 20 28.2% 0 (0%)
(median) | CVL >0.5 logg PVL*
Filippidis et al, 2022 Lausanne, Switzerland 2011-201P 288 53 | PVL: <LOQ, CVL: >LOQ or 25 8.8% 0 (0%)
(current study) (median) CVL > PVL

Table 1. Prevalence of CSF HIV-1 escape in previogsudies (2011-2018)
Studies are grouped based on the presence of symmiad the definition used for CSF HIV-1 escapee@SF HIV-1 escape was presented separately flasmp/CSF
HIV-1 discordance in a single study, only prevakent CSF HIV-1 escape is provided in this table.
T Patients were asymptomatic if they reported nooEsychological symptoms and if they presentedewopsychological abnormalities.
¥ In this study, the criteria listed are referredi$ CSF/plasma HIV-1 discordance.
Abbreviations: CHARTER: CNS HIV AntiRetroviral Thegy Effects Research cohort, CSF: cerebrospina, ltvVL: CSF viral load, HNRC: HIV Neurobehavioral

Research Center (HNRC) cohort, LOQ: Limit of quicaition, NNTC: National NeuroAIDS Tissue ConsomiuNS: not specified, PVL: plasma viral load
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Total HIV-1 CSF escape| No HIV-1 CSF escape p
(N=288) (N=25) (N=263

Demographic characteristics
Female sex 97 (33.5) 9 (36.3) 88 (33.5) 0.8
Age (years) 53 (47 - 59) 53 (48 - 58) 53 (47 - 60) 0.9
Ethnicity 0.8

* White 226 (78.5) 19 (76) 207 (78.7)

* Black 46 (16) 4 (16) 42 (15.9)

+ Hispano-American 12 (4.2) 2(8) 10 (3.8)

« Asian 1(0.4) 0 (0) 1(0.4)

» Other 3(1.1) 0 (0) 3(1.1)
Comorbidities
Active smoker 101 (35.1) 10 (40) 91 (34.6) 0.8
Metabolic disorder 26 (9.1) 2(8) 24 (9.1) 0.8
Cardiovascular disease 36 (12.5) 1(4) 35 (13.3) 10
HIV-related characteristics
Time from HIV diagnosis (years) 15.5 (9 — 23) 15 &5) 16 (9 - 23) 0.9
CD4 count nadir (/mf) 171 (81 — 237) 158.5 (81 — 236.5 172.(70 - 278) 0.6
CD4 count current (/mih 600 (446 — 781) 558 (459 - 646) 611 (444 — 790) 20
Plasma HIV-1 RNA - detectable 34 (11.8) 6(24) 28.7) 0.04*
Low level viremia, plasma HIV RNA > 50 and:

+ < 200 copies/ml 14 (4.9) 3(12.5) 11(4.2) 0.08

* <400 copies/ml 17 (5.9) 4 (16.7) 13 (4.9) 0.02
ART regimen

* NNRTI-based therapy 80 (27.8) 5(20.0) 75 (46.3) 0.6

* Pl-based therapy 73 (25:4) 8(32.0) 65 (24.8) 0.7

* INSTI-based therapy 95(33.2) 5 (20.8) 90 (34.4) 0.2

» Dual therapy 5 (1.7) 1(4.0) 4 (1.5) 0.07
CSF Penetration-Effectiveness (CPE) score 7(7-9) 7((7-9) 7((7-9) 0.8
CSF analysis
CSF HIV-1 RNA 0 (0-0) 49 (35 - 190) 0(0-0) <0.001
CSF white blood cell count 5 cells/mnd 28 (10.9) 9 (36.0) 19 (8.2) <0.001
CSF proteins >450 mg/l 142 (50.0) 14 (56.0) 128419 0.5
CSF-specific oligoclonal bantls 84/135 (62.9) 7 (63.6) 77 (62.6) 0.9
Neuropsychological classification
Frascati criteria 0.9

« Absence of NCI 44 (15.3) 4 (16.0) 40 (15.2)

» Asymptomatic NCI (ANI) 127 (44.1) 9 (36.0) 118 (44.9)

 Mild neurocognitive disorder (MND) 14 (4.9) 1(4.0) 13 (4.9)

» HIV-associated dementia (HAD) 1(0.4) 0 (0) 1(0.4)

* Non-HIV-associated NCI 102 (35.4) 11 (44.0) 91 (34.6)
Radiology
Abnormal brain MRj | 206 (715) | 17 (68.0) | 189 (71.9) | 0.8

Table 2. Characteristics of patients with and withat CSF HIV-1 escape
Data are median (Interquartile range) or numberases (%).

T Diabetes mellitus or thyroid disorder

T Oligoclonal band data available only for patiemtglergoing lumbar puncture within the neuro-HI¥tfdrm

§ Using standard MRI protocols

* Cohen’s d = 0.49 (95% CI: 0.08-0.90)
Abbreviations: NNRTI: Non-nucleoside reverse traipgase inhibitors, Pl: Protease inhibitors, INSIhtegrase

strand transfer inhibitor, CSF: cerebrospinal flJNeCI: neurocognitive impairment, MRI: magneticorance

imaging
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Patient | Patientf Age | Sex Time from | CD4count | CD4 count | ARTORHIAYHOSISE 0 PIasE 71| ®HI@IGRE Ad sheluoTEgHalygis o Pigtlated CSH  ART modification
group | (years) HIV diagnosis current nadir CSF HIV-1 escape | HIV-1 RNA | HIV-1 RNA (Cells, Proteins) HIV-1 W'tElin 6 months
(years) (cells/mn?) | (cells/mnd) (copies/mL) | (copies/mL) resistance
1 NAM 61 F 15 646 110 ABC-3TC-RAL 0 40 2/mm, 305 mg/l
2 NAM 75 M 12 1054 34 ABC-3TC-DTG 0 20 2/mm, 478 mgl/l
3 NAM 59 M 22 506 19 TDF-FTC-DRV/r-ETV 0 49 1/mm, 430 mg/!
4 NAM 51 F 9 933 257 TDF-FTC-EFV 0 35 1/mm, 270 mg/! No
5 NAM 62 M 19 516 119 RPV-DTG 0 160 5/mm 680 mg/|
6 NAM 52 F 7 524 170 Unknown (study drug) 0 29 1/mm, 240 mg/I
7 NAM 64 F 2 365 185 TDF-FTC-EFV 0 31 2/mm, 700 mg/l
8 NAM 57 M 28 646 231 ABC-FTC-TDF- 0 55 3/mm, 292 mgl/l
FAPVI/r
9 NAM 56 M 30 323 123 ABC-3TC-ATV/r 0 248 15/mm, 596 mg/| AZT-3TC-RAL-DRV/I'
10 NAM 76 M 12 635 147 TAF-FTC-NVP 0 55 1/mm, 605 mg/I TAF-FTC-NVP-DRV/{'
11 NAM 58 M 30 698 60 TDF-FTC-DRV/r 0 126 25/mm, 564 mg/| N TDF-FTC-DRTV/r-DTG-
0 ETV
12 NAM 62 M 30 670 80 TDF-FTC-DRVI/r 0 499 18/mm, 490 mg/| TDF-FTC-DTG-NVP
13 NAM 57 M 26 480 200 ABC-3TC-ATV 0 28 1/mm, 380 mg/l ABC-3TC-DTG
14 PLAT 53 M 13 601 147 TDF-FTC-ATVIr 34 58 0.5/mm 349 mgl/l
15 PLAT 36 F 5 486 190 TDF-ETC-EFV 0 37 1/mm, 267 mg/l No*
16 PLAT 43 F 16 223 82 ABC-3TC-DTG 0 35 3/mmi, 250 mg/l
17 PLAT 56 M 22 610 203 TDF-FTC-DRV/r 306 2040 5/mrh 637 mgl/l S
18 PLAT 57 M 33 578 252 TAF-FTC-DRV/r 60 190 4/mm 518 mgl/l e
19 PLAT 43 M 6 558 307 TDF-FTC-RAL 0 43 5/mmi, 354 mgl/l TDF-FTC-RAL-DRV/r
20 PLAT 47 M 1 171 5 TDE-FTC-RPV 0 27 0.2/mm, 590 mg/| TDF-FTC-RPV-MVC
21 PLAT 64 M 10 406 406 TDF-FTC-ETV-MVC 0 43 4/mm, 2081 mg/l ABC-3TC-ETV-MVC
22 PLAT 43 F 21 559 255 TAF-FTC-NVP 34 40 5/mm, 361 mg/l TAF-FTC-EVG/c-NVP
23 PLAT 48 M 9 349 242 TDF-FTC-DRV/r-RAL 80 301 2/mn 586 mgl/l TDF-FTC-DRV/r-ETV-
MVC
24 PLAT 49 F 12 1322 67 TDF-FTC-DRV/r- 59 930 8/mm 956 mgl/l Yes FTC-DRV/r-MVC-ETV-
MVC DTG
25 PLAT 60 F 34 459 NA ATVIr 41 2720 20/mn%36 mgl/l ABC-3TC-DTG

Table 3. Characteristics of patients diagnosed witRSF HIV-1 escape
Abbreviations: ART: antiretroviral treatment, CSierebrospinal fluid, F: female, M: male, NAM: NAMAT; PLAT: neuro-HIV platform, ABC: abacavir, 3TCntévudine,
ATV: atazanauvir, /r: ritonavir (booster), RAL: rairavir, TAF: tenofovir alafenamide fumarate, FEGtricitabine, NVP: nevirapine, DRV: darunavir, DT@lutegravir,

ETV: etravirine, EFV: efavirenz, RPV: rilpivirin€&APV: fosamprenavir, MVC: maraviroc, NA: not avéia

T Reason for ART change was not specified (CSF HBscape, toxicity or other).
T Reassessment with a new lumbar puncture was gedpt 6-12 months to exclude CSF viral rebound.
8§ ART modification was proposed, but adopted by tagemt’s treating infectious disease physician @tlg later stage (upon receipt of the CSF HIVslstance profile).
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