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reservoir, which establishes early during primary HIV infection (PHI) and is maintained by latency, home-
ostatic T-cells proliferation, and residual replication. This limited effect can be associated with low drug
exposure in lymphoid tissues and/or suboptimal adherence to antiretroviral drugs (ARVs). The aim of
this study was to assess ARV concentrations in plasma, peripheral blood mononuclear cells (PBMCs) and
lymph nodes (LNs), and their association to HIV RNA and HIV DNA decay during PHI. Participants were
randomised to receive standard doses of darunavir/cobicistat (Arm I), dolutegravir (Arm II) or both (Arm
1), with a backbone of tenofovir alafenamide and emtricitabine. Total HIV DNA was measured using
digital-droplet PCR in PBMCs at baseline, 12 and 48 weeks. Drug concentrations in plasma and PBMCs
were determined at 2, 12 and 48 weeks (LNs at 12 weeks) by UHPLC-MS/MS. Seventy-two participants
were enrolled, mostly male (n=68), with a median age of 34 years and variable Fiebig stages (V-VI 57.7%,
I-1I 23.9%, and III-IV 18.3%). Twenty-six patients were assigned to Arm I, 27 to Arm Il and 19 to Arm
Il. After 48 weeks, most patients had undetectable viremia, with minor differences in HIV RNA decay
between arms. Patients with Fiebig I-1I showed faster HIV RNA and HIV DNA decay. Intracellular tissue
penetration was high for nucleoside analogues and low-moderate for darunavir and dolutegravir. Only
tenofovir diphosphate concentrations in PBMCs showed correlation with HIV DNA decay. Overall, these
results indicate that the timing of treatment initiation and intracellular tenofovir penetration are primary
and secondary factors, respectively, affecting HIV reservoir.
© 2024 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

The persistence of HIV in cells and in protected organs and tis-
sues is one of the key reasons why HIV can be pharmacologically
controlled but not eradicated in people living with HIV (PLWH)
[1-4]. Several factors sustain HIV persistence during combination
antiretroviral treatment (cART), including proviral HIV DNA latency,
homeostatic proliferation of infected T-cells and residual replica-
tion [3,5-9], leading to an extremely slow and limited decay of
the HIV DNA reservoir during treatment [1,10,11]. Different cura-
tive strategies are currently being tested, including the reactiva-
tion of latently infected cells along with immune system enhancing
treatments, known as the “kick and kill” strategy [12,13]; the epi-
genetic inhibition of viral transcription, known as the “block and
lock” approach [14-16], and “gene editing” therapies that mod-
ify proviral DNA to make it replication-incompetent [8,17-20]. De-
spite significant research efforts, so far only allogenic bone marrow
transplant from donors with homozygous CCR5 gene deletion (in
3 individuals to date) [21-24], and treatment during acute infec-
tion have been associated with virological control after treatment
interruption [25-28]. Primary HIV infection (PHI) is a rarely diag-
nosed condition where early treatment has been associated with
improved clinical, immunological, and virological outcomes and,
in approximately 8% (5-15%) of patients in a French cohort, post-
treatment control (i.e., virological control without ARVs after a pe-
riod of cART) [27,28]. Albeit promising, these results only high-
lighted a subset of patients that received antiretroviral treatment
(ART) during PHI: randomised and controlled studies did not iden-
tify the most beneficial therapeutic regimen for patients diagnosed
early after being infected with HIV [29].

Several tissues and organs have been listed as potential sites
of continuous, and potentially differential, replication during sup-
pressing ART (including central nervous system, lymph nodes
[LNs], spleen, and gut/gut-associated lymphoid tissue) [2,4,6,8,30-
32]. Recent studies have identified lymphoid tissues as sanctuary
sites where ART penetration is limited and variable, and where HIV
replication may persist [2,8,31,33]. Physicochemical characteristics
associated with greater lymphatic system penetration were shown
to be high molecular weight, larger particle size, log P value >
5, and high long-chain triglycerides solubility [19,31]. Additional
features potentially affecting drug passage in LNs are tissue fi-
brosis (observed in several PLWH), inflammation, and transporter
expression and activity [34-36]. Published studies using different
methods (hollow fibres, models, tissue homogenate, mononuclear
cell extraction) suggested differential exposures in LNs as well
as highly variable inhibitory quotients [30,31,37,38]. A trend to-
wards lower LN HIV RNA was observed in the follow-up of pa-
tients treated during PHI with two nucleos(t)ide reverse transcrip-
tase inhibitors (NRTIs) plus dolutegravir (DTG) and maraviroc, with
the latter CCR5 inhibitor showing a peculiarly high LN penetration
[30]. The aims of this sub-study were to quantify ARV concentra-
tions in plasma, peripheral blood mononuclear cells (PBMCs) and
LNs and to evaluate their association with HIV DNA decay up to
week 48 after the introduction of ART in people treated during PHI
with currently used common, potent combinations.

2. Material and methods
2.1. Enrolment, inclusion criteria and randomisation

Treatment-naive adult participants diagnosed with PHI who
gave written informed consent were included in this prospective,
randomised, open-label, multicentre clinical study. The study re-
ceived ethical approval from the Institutional Ethics Committee of
the San Raffaele Hospital (coordinating centre).
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Inclusion and exclusion criteria were described in detail in a
previous work [39]. In particular, the self-reported adherence to
treatment had to be higher than 95% throughout the study period.
Moreover, an additional exclusion criterion was the observation of
detectable tenofovir alafenamide (TAF) concentrations in plasma
throughout the protocol. TAF should be undetectable at the end of
the dosing interval (24 h, Ciygn) as it is known to be rapidly con-
verted during the first 8 h after the dose intake [40]. The detection
of TAF in plasma can be a marker of suboptimal adherence to the
timings of drug intake in the study protocol.

Patients were randomised in a ratio of 10:10:8 to receive one of
the following three treatment regimens, all of which share a TAF
and emtricitabine (FTC) nucleosidic backbone: darunavir boosted
with cobicistat (DRV + COBI 800/150 mg QD; DRV/c) plus TAF/FTC
10/200 mg QD; dolutegravir (DTG, 50 mg QD) plus TAF/FTC 25/200
mg QD; or DTG + DRV/c + TAF/FTC (800/150 mg QD + 50 mg
QD + 10/200 mg QD, respectively). These combinations were in-
vestigated because DTG is first-line, with good distribution, a high
barrier to resistance and expected fast virological decline; and DRV
has good CSF penetration, a high barrier to resistance and a post-
transcriptional effect.

2.2. Clinical and Virological Follow-up

Virological and immunological parameters were monitored
throughout the protocol. Plasma HIV RNA viral load (lower limit of
quantification [LLOQ]: 25 copies/mL; limit of detection [LOD]: 20
copies/mL), as well as CD4+ lymphocytes count, were measured at
baseline and at 2, 4, 8, 12, 24, 36, and 48 weeks of therapy. HIV
RNA viral loads lower than the LLOQ were approximated to the
LOD value of 20 copies/mL. HIV total proviral DNA (hereafter, HIV
DNA) was quantified in PBMCs purified by density gradient, using a
validated digital droplet PCR method (LLOQ 2 copies/million cells)
at baseline, and 12 and 48 weeks.

2.3. Drug quantification in plasma, PBMCs and lymph nodes

All enrolled patients underwent blood sampling for the quan-
tification of drug concentrations in plasma at the end of the dosing
interval (Cyougn) at 2, 4, 8, 12, 24, 36 and 48 weeks. Intra-PBMC
concentrations were determined at 2, 12 and 48 weeks of treat-
ment. PBMC isolates were obtained by density gradient with CPT
tubes, which reduce the contamination by red blood cells, with a
protocol with two fast washing steps with 0.9% NaCl at 4°C, as pre-
viously described [41,42].

Analytes were measured using validated UHPLC-MS/MS meth-
ods [42-44], based on the protein precipitation and the use of
stable isotope-labelled internal standards (SIL-IS) for each ana-
lyte. LLOQ values for each drug in plasma and PBMCs were, re-
spectively: 31 ng/mL and 0.39 ng/sample for DTG, 39 ng/mL and
0.039 ng/sample for DRV, and 10 ng/mL and 0.039 ng/sample for
COBI. On the other hand, the quantification of TFV-diphosphate
(TFV-DP) and FTC-triphosphate (FTC-TP) in PBMCs and LNs was
performed using a validated HPLC-MS/MS method based on ion-
coupling chromatography on a graphitic carbon column (Hyper-
carb ® 3 pm, 2.1 x 100 mm column) with a gradient of two
mobile phases: water + 0.2% hexylamine and 5 mM of diethy-
lamine + 2% of acetic acid (Mobile Phase A); and 60:40 vol:vol
acetonitrile/mobile phase A (Mobile Phase B). The gradient run du-
ration was 15 min at 40°C and the flow rate was 0.4 mL/min.

The method was validated following FDA and EMA guidelines
on PBMC samples, showing satisfactory accuracy (trueness, bias <
15%) and intra- and inter-day precision (coefficients of variation <
15%), and reproducible matrix effect and recovery. The LLOQ for
TFV-DP and FTC-TP was 0.039 ng/sample.
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Intracellular drug amounts were then normalised by volume of
cells in each sample, calculated by multiplying the cell numbers
and a mean cell volume of 283 fL, as described previously [41],
giving intracellular concentrations in ng/mL. Correcting the LLOQ
values for the intracellular assays by a mean cell number per sam-
ple of 10 million (volume of 2.8 nL/sample), the intracellular LLOQ
for all the drugs was 13.8 ng/mL.

The quantification in needle biopsies (approximately 10 mg of
tissue) from inguinal LNs was performed in only a small sub-
set of patients who agreed to undergo needle biopsies for viro-
immunological and pharmacological purposes at 12 weeks of treat-
ment, at the end of the dosing interval. In these samples, the quan-
tification was performed after homogenisation, protein precipita-
tion and UHPLC-MS/MS analysis. The observed drug amounts were
corrected by sample weights, to give concentrations in ng/g.

To compare ratios of LNs to plasma and LNs to PBMCs, an ap-
proximate density for LNs of 1 g/mL was assumed, in accordance
with a previous work and confirmed experimentally in our sam-
ples [45]. For the determination of ratios of intracellular TFV-DP
and FTC-TP to plasma TFV and FTC concentrations, all the results
were corrected by the molar ratios (TFV-DP/TFV and FTC-TP/FTC)
of 0.642 and 0.507, respectively.

2.4. Statistical Analysis

The distribution of continuous variables was summarised using
median and first-third quartile (interquartile range [IQR]), and cat-
egorical variables were reported as absolute number and percent-
age. Patient characteristics and virological parameters were com-
pared between treatment arms using Kruskal-Wallis or Chi-square
tests for continuous and categorical variables, respectively.

Friedman test was adopted to test the difference of the drug
concentrations between time visits (weeks 2, 12 and 48). Spear-
man correlation index was used to evaluate the association be-
tween drug concentrations and HIV DNA change in time (at weeks
12 and 48).

Finally, the association between Fiebig stage (I-II vs. IlI-IV vs.
V-VI) and the change in time of log-transformed HIV RNA (base-
line, week 4, 8, 12, 24, 36, and 48) and log-transformed HIV DNA
(baseline, week 12 and 48) was assessed using mixed-effects linear
regression with participant as random effect.

3. Results
3.1. Patient baseline characteristics

A total of 78 patients were screened and 72 patients met the
inclusion criteria. The six patients who did not meet the inclusion
criteria showed detectable TAF concentrations in plasma, thus they
were excluded from the analysis due to suspected suboptimal ad-
herence to the timing of drug intake according to the protocol. Pa-
tient characteristics at baseline are reported in Table 1.

Most patients were male (68, 94.4%) and relatively young, with
a median age of 34.1 years (IQR 28.3-43.9). Median baseline CD4-+
cell count was 658 cells/mL (IQR 474-796); median HIV RNA in
plasma was 5.66 log;g cps/mL (IQR 4.62-6.50) and HIV DNA in
PBMCs was 4.46 log;y cps/10 PBMCs (IQR 4.08-4.81).

Patients were mostly diagnosed during Fiebig stages V-VI
(57.7%), 1-11 (23.9%) and III-1V (18.3%).

3.2. Differences Between Arms

After randomisation, 26 patients were assigned to the DRV/c
arm (Arm I), 27 to the DTG arm (Arm II) and 19 to the
DTG + DRV/c arm (Arm III). There were no significant differences
between study arms in baseline characteristics, CD4+ T-cell count
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Table 1
Participant characteristics at baseline.

Total no. of participants (n = 72)

Randomisation Arms

Arm I: DRV/c + TAF + FTC 1 =26

Arm II: DTG + TAF + FTC I =27

Arm III: DTG + DRV/c + TAF + FTC =19

Sex (male/female) 68/4 (94.4%/5.6%)
Age, years (median, IQR) 34.1 (28.3-43.9)

Sexuality (n; %) Heterosexual/Bisexual = 21 (29.2)
MSM = 42 (58.3)

Not reported = 9 (12.5)

Fiebig Stage (n; %) [=4(55)
=13 (18.1)
I =5 (6.9)
IV =9 (12.5)
V =29 (40.3)
VI = 12 (16.7)

CD4+ count (cells/mm?)
Plasma HIV-RNA (Log;o cps/mL)
Plasma HIV-DNA (Logio cps/mL)

658 (IQR 474-796)
5.66 (IQR 4.62-6.50)
4.46 (IQR 4.08-4.81)

reconstitution up to 48 weeks or HIV DNA change over time. Arm
I (DRV) showed a slightly slower decay in plasma HIV RNA dur-
ing the first 12 weeks compared with the other treatment arms.
There were no significant differences between study arms in drug
concentrations (for TFV and FTC) in plasma, PBMCs or LNs. De-
tailed data about differences between regimens have been pub-
lished elsewhere [39].

3.3. Drug concentrations in the compartments and correlation with
virological effectiveness

Median trough concentrations in plasma, PBMCs and LNs (in a
small subset of patients, n=9) for each ARV are summarised in
Table 2 (PBMC- and tissue-to-plasma ratios are described in sup-
plementary material). DTG plasma concentrations tended to in-
crease over time, showing slightly higher concentrations at weeks
12 and 48 (P = 0.097), but there was no such trend in PBMCs
(P = 0.646). All samples except for TAF showed quantifiable drug
concentrations.

DTG and DRV penetration in PBMCs appeared limited, show-
ing median ratios of 0.31 and 0.32, respectively, at 12 weeks of
treatment. Conversely, TFV-DP and FTC-TP showed higher pene-
tration in PBMCs (median ratios of 28.29 and 16.98, respectively)
and whole-LNs (median ratios of 11.13 and 16.04, respectively).

Drug concentrations in plasma and PBMCs were mutually corre-
lated for DTG, DRV and COBI (Spearman rho values between 0.366
and 0.789, P-values between 0.073 and < 0.001). Conversely, con-
centrations of TFV-DP and FTC-TP in PBMCs were not correlated
to those in plasma (P-values > 0.075) at any timepoint.

3.4. PK/PD correlations

Testing the correlation between drug concentrations in plasma,
PBMCs and LNs with HIV RNA and HIV DNA viral load change
over time showed only borderline correlations of HIV DNA change
at 48 weeks with TFV-DP concentration in PBMCs (r = -0.32;
P = 0.057), and TFV-DP accumulation ratio in PBMC/plasma (r = -
0.33; P = 0.053). This indicates that higher intracellular accumula-
tion of TFV-DP was associated with higher decay in HIV DNA.

3.5. Effect of Fiebig stages on immunological/virological endpoints

As reported in Table 1, participants had variable Fiebig stage:
the most common stages were II (13 patients, 18.3%), V (29 pa-
tients, 40.8%) and VI (12 patients, 16.9%). There were no signifi-
cant differences between Fiebig stages in terms of baseline CD4+
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Table 2

Summary of the observed drug concentrations in plasma, PBMC and LN homogenates throughout the protocol.

Week 48

Week 12

Week 2

Drug

PBMC (fmol/106

cells)

PBMC (ng/mL)

LN* (ng/g) Plasma (ng/mL)

PBMC (fmol/108

cells)

PBMC (ng/mL)

Plasma (ng/mL)

PBMC (fmol/106

cells)

PBMC (ng/mL)

Plasma (ng/mL)

32-438)

(

(

(
201 (64-353)
2522 (1326-4324)

425 (257-736)
508 (145-1146)

291

381-1090)
281-2216)
90-1199)
100-556)

4342 (2282-7443)
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983
798
316
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cells count and recovery over time (P > 0.641). On the other hand,
participants with lower Fiebig stages (I-II) had significantly higher
plasma HIV RNA at baseline (P = 0.001) compared with partici-
pants diagnosed at later stages (III-VI). This difference was lost
at follow-up, resulting in a significantly higher decay of plasma
HIV RNA in participants diagnosed at Fiebig stages I-II (Figure 1,
P = 0.031 vs. llI-IV and P < 0.001 vs. V-VI).

Conversely, there were no differences in terms of HIV DNA
in PBMC samples between Fiebig stages at baseline (P = 0.739),
but this difference became increasingly important during treat-
ment, reaching borderline significance at 48 weeks of treatment
(P = 0.068). This significant trend was confirmed by mixed-
modelling, which showed a significantly faster HIV DNA decay dur-
ing treatment in patients with Fiebig stages I-II compared with
stages IlI-IV (P = 0.017) and V-VI (P = 0.005), respectively. These
results are depicted in Figure 2.

3.6. Interplay between Fiebig stages and cART

Once the impact of treatment arms and Fiebig stages on viro-
logical endpoints was observed, the aim was to understand the ef-
fect of cART, in terms of type of treatment and pharmacokinetic
(PK) features, stratifying the participants in low (I-II) and high
(III-VI) Fiebig stages. Patient characteristics during treatment are
summarised divided by treatment arm in low (Table 3) and high
(Table 4) Fiebig stages.

As shown, there are no significant differences in terms of CD4+
cell recovery, HIV RNA and HIV DNA kinetics between treatment
arms in low Fiebig stages, whereas a significantly slower decay in
HIV RNA viral load was observed in patients from Arm I (DRV)
compared with the other arms (DTG and DRV+DTG) in patients
with higher Fiebig stages (III-VI). In line with the previous associ-
ations between HIV DNA decay and PK/PD parameters, only TFV-
DP concentration in PBMCs (r = -0.46; P = 0.019) and the TFV-DP
PBMCs-to-plasma concentration ratio (r = -0.47; P = 0.017) were
correlated with HIV DNA decay at week 48 in the higher Fiebig
stages group. This correlation is depicted in Figure 3.

4. Discussion

The present randomised controlled study is one of the first to
evaluate modern therapeutic choices for the treatment of PHI and
to confirm the lack of effect of intensified regimens. The results
from this study confirm the evidence from previous cohorts re-
garding the higher HIV DNA decay in PHI, particularly during the
very early phases, namely Fiebig stages I-II [25].

There was a significantly faster decay in HIV RNA in the arms
containing DTG (Arms II and III), but no difference in HIV DNA de-
cay. This was more evident in the context of more advanced Fiebig
stages (III-VI), but was not statistically significant in extremely
early stages (Fiebig I-II).

The drugs that showed the highest penetration in PBMCs and
LNs were the phosphorylated metabolites of the nucleoside ana-
logues, TFV-DP, and FTC-TP, confirming previous reports and the
well-known capability of TAF to accumulate in PBMCs [19,37,46].
On the other hand, both the “third drugs” (either DTG or DRV)
showed PBMCs-to-plasma and LNs-to-plasma ratios lower than 1,
highlighting a moderate penetration of these drugs in PBMCs and
LNs. These results are higher (0.32 and 0.59, respectively) than
those reported by Fletcher et al. in LN mononuclear cells (LNMCs)
[19], where the reported DTG LNMC-to-plasma ratio was nearly
0.01. This difference was expected, as these studies aimed to de-
scribe drug concentrations in two different compartments. In the
current work, tissue homogenates were used from inguinal LNs to
describe the drug concentrations in the whole LN microenviron-
ment, including interstitial fluid and different cell types. Therefore,
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-1V = V-V

12 24 36 48

Weeks

Figure 1. HIV RNA changes throughout the treatment period of 48 weeks, stratified by Fiebig stages.

Fiebig -1l -V = V-VI

HIV-DNA change (Log10(copies/10*6PBMCs))

0 12 48
Weeks

Figure 2. HIV DNA changes in peripheral blood mononuclear cells (PBMCs) during
the study period, stratified by Fiebig stages.

Table 3

these results cannot be directly compared to the intra-LNMC con-
centrations, particularly for drugs with limited intracellular pene-
tration, such as DTG. This important difference between concen-
trations in LN homogenates (generally lower than concentrations
in plasma for the “third drugs”), representing the microenviron-
ment, and the literature-reported LNMC concentrations confirm
lower than proportional penetration of DTG from the extracellu-
lar matrix in LNMCs compared with PBMCs (from blood/plasma).
On the other hand, the quantification of DTG and other drugs in
LNMCs needs cell isolation steps with aqueous buffers (e.g., use of
cell strainers with cell washings) [31], which are potentially asso-
ciated with drug loss from the cells, possibly leading to underesti-
mation of DTG concentrations.

Interestingly, the observed LNs-to-plasma concentrations ratios
for DTG were comparable (0.59 vs. 0.44) with other studies that
considered lymphoid tissue homogenates, such as that by Weber
et al. on gut-associated lymphoid tissue (GALT) [47]. Conversely,
concerning TFV-DP and FTC-TP, there is a less significant impact of
the extracellular matrix on the intracellular quantification, as these

Descriptive statistics stratified by randomisation arm, in patients with early (I-II) Fiebig stages. P-values refer to Kruskal-Wallis or Chi-square tests for continuous and

categorical variables, respectively.

Factors Level/Unit Fiebig I-II P-value

TAF/FTC + DRV TAF/FTC + DTG TAF/FTC + DRV + DTG

N=6 N=6 N=5
Sex (%) F 1(16.7) 0 (0.0) 0 (0.0) 0.378

M 5(83.3) 6 (100.0) 5 (100.0)

Age (median [IQR]) years 32.1 [28.8-40.4] 39.3 [33.7-48.2] 44.8 [36.7-47.3] 0.714
HBsAg (%) no 6 (100.0) 6 (100.0) 5 (100.0) NA
HCV (%) no 6 (100.0) 6 (100.0) 5 (100.0) NA
median CD4 BL [IQR] Cells/mm? 779 [633-794] 570 [500-658] 567 [472-677] 0.37
median CD4 w12 [IQR] Cells/mm?3 745 [606-885] 546 [496-599] 642 [515-689] 0.134
median CD4 w24 [IQR] Cells/mm? 721 [616-842] 630 [570-640] 659 [523-707] 0.61
median CD4 w24 [IQR] Cells/mm?3 957 [813-1065] 730 [712-809] 665 [538-714] 0.088
median CD4 w48 [IQR] Cells/mm?3 880 [768-1016] 685 [609-712] 596 [529-643] 0.056
median HIV RNA BL [IQR] Logio cps/mL 6.89 [6.28-7.00] 6.61 [6.50-6.91] 7.00 [6.11-7.00] 0.916
median HIV RNA w2 [IQR] Logio cps/mL 3.89 [3.39-5.15] 3.82 [3.22-4.41] 3.24 [2.65-3.55] 0.405
median HIV RNA w4 [IQR] Logyo cps/mL 3.37 [3.06-4.11] 2.85 [2.35-3.51] 2.36 [2.35-2.73] 0.194
median HIV RNA w8 [IQR] Logio cps/mL 3.03 [1.80-4.03] 2.52 [1.81-2.66] 2.04 [1.49-2.06] 0.299
median HIV RNA w12 [IQR] Logio cps/mL 2.26 [1.44-3.22] 2.19 [1.80-2.31] 1.53 [1.48-1.65] 0.184
median HIV RNA w24 [IQR] Logio cps/mL 1.74 [1.38-2.61] 2.10 [1.72-2.15] 1.48 [1.41-1.51] 0.52
median HIV RNA w36 [IQR] Logio cps/mL 1.39 [1.30-2.25] 1.79 [1.60-2.09] 1.30 [1.30-1.48] 0.199
median HIV RNA w48 [IQR] Logio cps/mL 1.48 [1.30-1.60] 1.61 [1.60-1.67] 1.48 [1.30-1.51] 0.4
median HIV DNA BL [IQR] Logio cps/105 PBMCs 4.18 [3.91-4.82] 4.42 [4.17-4.73] 4.49 [4.45-4.77] 0.777
median HIV DNA w12 [IQR] Logio cps/10° PBMCs 3.68 [3.50-4.10] 3.96 [3.41-4.18] 4.24 [3.85-4.34] 0.612
median HIV DNA w48 [IQR] Log;o cps/10% PBMCs 3.49 [0.83-3.74] 3.82 [3.24-4.18] 3.57 [1.78-3.84] 0.486
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Table 4

Descriptive statistics stratified by randomisation arm-in patients with later (IlI-VI) Fiebig stages. P-values refer to Kruskal-Wallis or Chi-square tests for continuous and

categorical variables-respectively.
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Factors Level/Unit Fiebig stages I1I-VI P- value
TAF/FTC + DRV N=20 TAF/FTC + DTG TAF/FIC + DRV + DTG
N=21 N=13
Sex (%) F 2 (10.0) 0 (0.0) 0 (0.0) 0.171
M 18 (90.0) 21 (100.0) 13 (100.0)
Median age, years [IQR] 34.64 [29.62-44.13] 31.56 [27.75-37.76) 32.48 [27.25-46.28] 0.769
HBsAg (%) no 19 (100.0) 20 (100.0) 11 (100.0) NA
HCV (%) no 17 (94.4) 18 (94.7) 12 (100.0) 0.712
yes 1(5.6) 1(5.3) 0 (0.0)
median CD4 BL [IQR] Cells/mm3 524 [444-722] 706 [517-915] 687 [482-781] 0.296
median CD4 w12 [IQR] Cells/mm3 613 [449-815] 720 [472-920] 641 [590-885] 0.784
median CD4 w24 [IQR] Cells/mm3 580 [508-668] 706.00 [531-805] 742 [545-940] 0.21
median CD4 w24 [IQR] Cells/mm3 676 [557-877] 836 [618-1003] 842 [611-968] 0.357
median CD4 w48 [IQR] Cells/mm3 695 [567-887] 683 [561-980] 715 [519-1004] 0.988
median HIV RNA BL [IQR] Logyo cps/mL 4,86 [4.17-5.75] 5.28 [4.26-5.74] 5.95 [4.88-6.29] 0.196
median HIV RNA w2 [IQR] Logo cps/mL 3.45 [2.68-3.92] 2.16 [1.82-2.64] 2.79 [2.46-3.07] 0.002
median HIV RNA w4 [IQR] Logio cps/mL 3.22 [2.54-3.57] 1.65 [1.39-2.19] 2.13 [1.98-2.18] <0.001
median HIV RNA w8 [IQR] Logio cps/mL 2.74 [2.09-3.05] 1.49 [1.30-1.60] 1.60 [1.55-1.81] <0.001
median HIV RNA w12 [IQR] Logo cps/mL 2.20 [1.61-2.47] 1.30 [1.30-1.57] 1.60 [1.57-2.15] 0.001
median HIV RNA w24 [IQR] Logo cps/mL 1.60 [1.30-1.89] 1.30 [1.30-1.55] 1.56 [1.30-1.62] 0.132
median HIV RNA w36 [IQR] Logo cps/mL 1.30 [1.30-1.39] 1.30 [1.30-1.40] 1.57 [1.30-1.63] 0.255
median HIV RNA w48 [IQR] Logo cps/mL 1.30 [1.30-1.35] 1.30 [1.30-1.39] 1.30 [1.30-1.61] 0.761
median HIV DNA BL [IQR] Logo cps/10% PBMCs 4.39 [4.01-4.66) 4.57 [4.14-4.88] 4.40 [4.08-4.93] 0.702
median HIV DNA w12 [IQR] Logio cps/10® PBMCs 412 [3.83-4.31] 4.34 [3.96-4.63] 4.29 [3.80-4.56] 0.228
median HIV DNA w48 [IQR] Logio cps/10% PBMCs 3.90 [3.62-4.53] 3.95 [3.52-4.44] 416 [3.78-4.38] 0.893
tive exposure to TAF, including higher overall bioavailability (ab-
2 sorption and first-pass metabolism) and/or higher adherence dur-
ing the study period [49]. Moreover, the impact of TFV-DP con-
centrations in PBMCs was significant only in the group of partici-
pants with more advanced Fiebig stages (III-VI). This indicates that
R=-0.46 . . .
o 2.51 o} 0019 a higher HIV DNA decay can be achieved with extremely early
% PEE treatment, irrespective of drug concentrations, whereas higher PK
§ © exposure may be required to achieve a similar goal in less recent
® infections.
oy . .
= There was a gradual trend for DTG concentrations in plasma
§7 and PBMCs to increase over time throughout the protocol. Consid-
g 0.07 ering that all the measurements were made at steady state, this
; trend may be explained by a gradual change in the inflamma-
Z tory status in these patients, in accordance with previous reports
> [35,51].
L Nevertheless, the present study has some limitations. The PK
251 evaluation was performed in only a small subset of patients (n=9)

0 300 600 900
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Figure 3. Correlation between the HIV DNA change during the study period and
the intra-PBMC TFV-DP concentration in the group of patients with higher Fiebig
stages (Fiebig III-VI).

metabolites are only produced and tend to remain within the cells,
due to their highly hydrophilic nature. Interestingly, only TFV-DP
concentrations in PBMCs showed a significant association with HIV
DNA decay after 48 weeks of treatment, in accordance with pre-
vious reports [31,36,48]. TAF is a prodrug specifically designed to
show high PBMC-to-plasma accumulation ratios. Moreover, TFV-
DP, the active intracellular moiety, has a well-known long half-life
(range 30-72 h), which makes it a marker of the overall expo-
sure to treatment [40,49,50]. Therefore, combining these charac-
teristics, the correlation between HIV DNA decay and TFV-DP ac-
cumulation within PBMCs may be explained by a higher cumula-

in LNs, due to the invasive sampling. The quantification in LNs was
performed in tissue homogenates, including different cell types
and interstitial fluid, and was therefore not comparable with pre-
viously described drug concentrations in LNMCs. Total HIV DNA
was quantified, which is expected to be the most reliable from
a quantitative point of view [7,10,52], but we cannot infer about
its replication competency. Finally, the overall relatively low num-
ber of patients and the inhomogeneous treatments do not allow
enough stratification to draw definitive conclusions.

In conclusion, the present study indicates variable penetration
of ARVs in PBMCs and LNs, confirming higher penetration and im-
pact on HIV DNA reservoir for TFV-DP, particularly compared with
DTG and DRV. It is worth noting that this correlation emerges later
during the follow-up (at 48 weeks) and is particularly marked in
patients with less recent PHI (Fiebig III-VI), indicating a cumula-
tive and slow effect of TFV-DP on HIV DNA during the first year of
treatment. Moreover, the observed correlation between HIV DNA
change and TFV-DP might be explained by a mutual correlation
with a third genetic or immunological factor that was not observed
in the current study. This latter point deserves further investiga-
tion. On the other hand, extremely early treatment, during Fiebig
stages I-II, overcomes the impact of treatment regimens and ARV
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PK in PBMCs on HIV DNA decay, highlighting the timing of treat-
ment initiation and the treatment itself (regimen and exposure) as
primary and secondary factors, respectively, to affect HIV reservoir.
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