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a b s t r a c t 

Despite its effectiveness, combination antiretroviral treatment (cART) has a limited effect on HIV DNA 

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 

III), 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–II 23.9%, and III–IV 18.3%). Twenty-six patients were assigned to Arm I, 27 to Arm II and 19 to Arm 

III. After 48 weeks, most patients had undetectable viremia, with minor differences in HIV RNA decay 

between arms. Patients with Fiebig I–II 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. 
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. Introduction 

The persistence of HIV in cells and in protected organs and tis- 

ues is one of the key reasons why HIV can be pharmacologically 

ontrolled but not eradicated in people living with HIV (PLWH) 

 1–4 ]. Several factors sustain HIV persistence during combination 

ntiretroviral treatment (cART), including proviral HIV DNA latency, 

omeostatic proliferation of infected T-cells and residual replica- 

ion [ 3 , 5–9 ], leading to an extremely slow and limited decay of

he HIV DNA reservoir during treatment [ 1 , 10 , 11 ]. Different cura-

ive strategies are currently being tested, including the reactiva- 

ion of latently infected cells along with immune system enhancing 

reatments, known as the “kick and kill” strategy [ 12 , 13 ]; the epi-

enetic inhibition of viral transcription, known as the “block and 

ock” approach [ 14–16 ], and “gene editing” therapies that mod- 

fy proviral DNA to make it replication-incompetent [ 8 , 17–20 ]. De- 

pite significant research efforts, so far only allogenic bone marrow 

ransplant from donors with homozygous CCR5 gene deletion (in 

 individuals to date) [ 21–24 ], and treatment during acute infec- 

ion have been associated with virological control after treatment 

nterruption [ 25–28 ]. Primary HIV infection (PHI) is a rarely diag- 

osed condition where early treatment has been associated with 

mproved clinical, immunological, and virological outcomes and, 

n approximately 8% (5–15%) of patients in a French cohort, post- 

reatment control (i.e., virological control without ARVs after a pe- 

iod of cART) [ 27 , 28 ]. Albeit promising, these results only high-

ighted a subset of patients that received antiretroviral treatment 

ART) during PHI: randomised and controlled studies did not iden- 

ify the most beneficial therapeutic regimen for patients diagnosed 

arly after being infected with HIV [ 29 ]. 

Several tissues and organs have been listed as potential sites 

f continuous, and potentially differential, replication during sup- 

ressing ART (including central nervous system, lymph nodes 

LNs], spleen, and gut/gut-associated lymphoid tissue) [ 2 , 4 , 6 , 8 , 30–

2 ]. Recent studies have identified lymphoid tissues as sanctuary 

ites where ART penetration is limited and variable, and where HIV 

eplication may persist [ 2 , 8 , 31 , 33 ]. Physicochemical characteristics

ssociated with greater lymphatic system penetration were shown 

o be high molecular weight, larger particle size, log P value > 

, and high long-chain triglycerides solubility [ 19 , 31 ]. Additional 

eatures potentially affecting drug passage in LNs are tissue fi- 

rosis (observed in several PLWH), inflammation, and transporter 

xpression and activity [ 34–36 ]. Published studies using different 

ethods (hollow fibres, models, tissue homogenate, mononuclear 

ell extraction) suggested differential exposures in LNs as well 

s highly variable inhibitory quotients [ 30 , 31 , 37 , 38 ]. A trend to-

ards lower LN HIV RNA was observed in the follow-up of pa- 

ients treated during PHI with two nucleos(t)ide reverse transcrip- 

ase inhibitors (NRTIs) plus dolutegravir (DTG) and maraviroc, with 

he latter CCR5 inhibitor showing a peculiarly high LN penetration 

 30 ]. The aims of this sub-study were to quantify ARV concentra- 

ions in plasma, peripheral blood mononuclear cells (PBMCs) and 

Ns and to evaluate their association with HIV DNA decay up to 

eek 48 after the introduction of ART in people treated during PHI 

ith currently used common, potent combinations. 

. Material and methods 

.1. Enrolment, inclusion criteria and randomisation 

Treatment-naïve adult participants diagnosed with PHI who 

ave written informed consent were included in this prospective, 

andomised, open-label, multicentre clinical study. The study re- 

eived ethical approval from the Institutional Ethics Committee of 

he San Raffaele Hospital (coordinating centre). 
2

Inclusion and exclusion criteria were described in detail in a 

revious work [ 39 ]. In particular, the self-reported adherence to 

reatment had to be higher than 95% throughout the study period. 

oreover, an additional exclusion criterion was the observation of 

etectable tenofovir alafenamide (TAF) concentrations in plasma 

hroughout the protocol. TAF should be undetectable at the end of 

he dosing interval (24 h, Ctrough ) as it is known to be rapidly con- 

erted during the first 8 h after the dose intake [ 40 ]. The detection

f TAF in plasma can be a marker of suboptimal adherence to the 

imings of drug intake in the study protocol. 

Patients were randomised in a ratio of 10:10:8 to receive one of 

he following three treatment regimens, all of which share a TAF 

nd emtricitabine (FTC) nucleosidic backbone: darunavir boosted 

ith cobicistat (DRV + COBI 800/150 mg QD; DRV/c) plus TAF/FTC 

0/200 mg QD; dolutegravir (DTG, 50 mg QD) plus TAF/FTC 25/200 

g QD; or DTG + DRV/c + TAF/FTC (800/150 mg QD + 50 mg 

D + 10/200 mg QD, respectively). These combinations were in- 

estigated because DTG is first-line, with good distribution, a high 

arrier to resistance and expected fast virological decline; and DRV 

as good CSF penetration, a high barrier to resistance and a post- 

ranscriptional effect. 

.2. Clinical and Virological Follow-up 

Virological and immunological parameters were monitored 

hroughout the protocol. Plasma HIV RNA viral load (lower limit of 

uantification [LLOQ]: 25 copies/mL; limit of detection [LOD]: 20 

opies/mL), as well as CD4 + lymphocytes count, were measured at 

aseline and at 2, 4, 8, 12, 24, 36, and 48 weeks of therapy. HIV

NA viral loads lower than the LLOQ were approximated to the 

OD value of 20 copies/mL. HIV total proviral DNA (hereafter, HIV 

NA) was quantified in PBMCs purified by density gradient, using a 

alidated digital droplet PCR method (LLOQ 2 copies/million cells) 

t baseline, and 12 and 48 weeks. 

.3. Drug quantification in plasma, PBMCs and lymph nodes 

All enrolled patients underwent blood sampling for the quan- 

ification of drug concentrations in plasma at the end of the dosing 

nterval (Ctrough ) at 2, 4, 8, 12, 24, 36 and 48 weeks. Intra-PBMC 

oncentrations were determined at 2, 12 and 48 weeks of treat- 

ent. PBMC isolates were obtained by density gradient with CPT 

ubes, which reduce the contamination by red blood cells, with a 

rotocol with two fast washing steps with 0.9% NaCl at 4 °C, as pre- 

iously described [ 41 , 42 ]. 

Analytes were measured using validated UHPLC-MS/MS meth- 

ds [ 42–44 ], based on the protein precipitation and the use of 

table isotope-labelled internal standards (SIL-IS) for each ana- 

yte. LLOQ values for each drug in plasma and PBMCs were, re- 

pectively: 31 ng/mL and 0.39 ng/sample for DTG, 39 ng/mL and 

.039 ng/sample for DRV, and 10 ng/mL and 0.039 ng/sample for 

OBI. On the other hand, the quantification of TFV-diphosphate 

TFV-DP) and FTC-triphosphate (FTC-TP) in PBMCs and LNs was 

erformed using a validated HPLC-MS/MS method based on ion- 

oupling chromatography on a graphitic carbon column (Hyper- 

arb ® 3 μm, 2.1 × 100 mm column) with a gradient of two 

obile phases: water + 0.2% hexylamine and 5 mM of diethy- 

amine + 2% of acetic acid (Mobile Phase A); and 60:40 vol:vol 

cetonitrile/mobile phase A (Mobile Phase B). The gradient run du- 

ation was 15 min at 40 °C and the flow rate was 0.4 mL/min. 

The method was validated following FDA and EMA guidelines 

n PBMC samples, showing satisfactory accuracy (trueness, bias < 

5%) and intra- and inter-day precision (coefficients of variation < 

5%), and reproducible matrix effect and recovery. The LLOQ for 

FV–DP and FTC–TP was 0.039 ng/sample. 
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Table 1 

Participant characteristics at baseline. 

Total no. of participants (n = 72) 

Randomisation Arms 

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

Arm II: DTG + TAF + FTC II = 27 

Arm III: DTG + DRV/c + TAF + FTC III = 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; %) I = 4 (5.5) 

II = 13 (18.1) 

III = 5 (6.9) 

IV = 9 (12.5) 

V = 29 (40.3) 

VI = 12 (16.7) 

CD4 + count (cells/mm3 ) 658 (IQR 474–796) 

Plasma HIV-RNA (Log10 cps/mL) 5.66 (IQR 4.62–6.50) 

Plasma HIV-DNA (Log10 cps/mL) 4.46 (IQR 4.08–4.81) 
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Intracellular drug amounts were then normalised by volume of 

ells in each sample, calculated by multiplying the cell numbers 

nd a mean cell volume of 283 fL, as described previously [ 41 ],

iving intracellular concentrations in ng/mL. Correcting the LLOQ 

alues for the intracellular assays by a mean cell number per sam- 

le of 10 million (volume of 2.8 μL/sample), the intracellular LLOQ 

or all the drugs was 13.8 ng/mL. 

The quantification in needle biopsies (approximately 10 mg of 

issue) from inguinal LNs was performed in only a small sub- 

et of patients who agreed to undergo needle biopsies for viro- 

mmunological and pharmacological purposes at 12 weeks of treat- 

ent, at the end of the dosing interval. In these samples, the quan- 

ification was performed after homogenisation, protein precipita- 

ion and UHPLC-MS/MS analysis. The observed drug amounts were 

orrected by sample weights, to give concentrations in ng/g. 

To compare ratios of LNs to plasma and LNs to PBMCs, an ap- 

roximate density for LNs of 1 g/mL was assumed, in accordance 

ith a previous work and confirmed experimentally in our sam- 

les [ 45 ]. For the determination of ratios of intracellular TFV–DP 

nd FTC–TP to plasma TFV and FTC concentrations, all the results 

ere corrected by the molar ratios (TFV–DP/TFV and FTC–TP/FTC) 

f 0.642 and 0.507, respectively. 

.4. Statistical Analysis 

The distribution of continuous variables was summarised using 

edian and first–third quartile (interquartile range [IQR]), and cat- 

gorical variables were reported as absolute number and percent- 

ge. Patient characteristics and virological parameters were com- 

ared between treatment arms using Kruskal-Wallis or Chi-square 

ests for continuous and categorical variables, respectively. 

Friedman test was adopted to test the difference of the drug 

oncentrations between time visits (weeks 2, 12 and 48). Spear- 

an correlation index was used to evaluate the association be- 

ween drug concentrations and HIV DNA change in time (at weeks 

2 and 48). 

Finally, the association between Fiebig stage (I–II vs. III–IV vs. 

–VI) and the change in time of log-transformed HIV RNA (base- 

ine, week 4, 8, 12, 24, 36, and 48) and log-transformed HIV DNA 

baseline, week 12 and 48) was assessed using mixed-effects linear 

egression with participant as random effect. 

. Results 

.1. Patient baseline characteristics 

A total of 78 patients were screened and 72 patients met the 

nclusion criteria. The six patients who did not meet the inclusion 

riteria showed detectable TAF concentrations in plasma, thus they 

ere excluded from the analysis due to suspected suboptimal ad- 

erence to the timing of drug intake according to the protocol. Pa- 

ient characteristics at baseline are reported in Table 1 . 

Most patients were male (68, 94.4%) and relatively young, with 

 median age of 34.1 years (IQR 28.3–43.9). Median baseline CD4 + 

ell count was 658 cells/mL (IQR 474–796); median HIV RNA in 

lasma was 5.66 log10 cps/mL (IQR 4.62–6.50) and HIV DNA in 

BMCs was 4.46 log10 cps/106 PBMCs (IQR 4.08–4.81). 

Patients were mostly diagnosed during Fiebig stages V–VI 

57.7%), I–II (23.9%) and III–IV (18.3%). 

.2. Differences Between Arms 

After randomisation, 26 patients were assigned to the DRV/c 

rm (Arm I), 27 to the DTG arm (Arm II) and 19 to the 

TG + DRV/c arm (Arm III). There were no significant differences 

etween study arms in baseline characteristics, CD4 + T-cell count 
3

econstitution up to 48 weeks or HIV DNA change over time. Arm 

 (DRV) showed a slightly slower decay in plasma HIV RNA dur- 

ng the first 12 weeks compared with the other treatment arms. 

here were no significant differences between study arms in drug 

oncentrations (for TFV and FTC) in plasma, PBMCs or LNs. De- 

ailed data about differences between regimens have been pub- 

ished elsewhere [ 39 ]. 

.3. Drug concentrations in the compartments and correlation with 

irological effectiveness 

Median trough concentrations in plasma, PBMCs and LNs (in a 

mall subset of patients, n = 9) for each ARV are summarised in 

able 2 (PBMC- and tissue-to-plasma ratios are described in sup- 

lementary material). DTG plasma concentrations tended to in- 

rease over time, showing slightly higher concentrations at weeks 

2 and 48 ( P = 0.097), but there was no such trend in PBMCs

 P = 0.646). All samples except for TAF showed quantifiable drug 

oncentrations. 

DTG and DRV penetration in PBMCs appeared limited, show- 

ng median ratios of 0.31 and 0.32, respectively, at 12 weeks of 

reatment. Conversely, TFV–DP and FTC–TP showed higher pene- 

ration in PBMCs (median ratios of 28.29 and 16.98, respectively) 

nd whole-LNs (median ratios of 11.13 and 16.04, respectively). 

Drug concentrations in plasma and PBMCs were mutually corre- 

ated for DTG, DRV and COBI (Spearman rho values between 0.366 

nd 0.789, P -values between 0.073 and < 0.001). Conversely, con- 

entrations of TFV–DP and FTC–TP in PBMCs were not correlated 

o those in plasma ( P -values > 0.075) at any timepoint. 

.4. PK/PD correlations 

Testing the correlation between drug concentrations in plasma, 

BMCs and LNs with HIV RNA and HIV DNA viral load change 

ver time showed only borderline correlations of HIV DNA change 

t 48 weeks with TFV–DP concentration in PBMCs (r = -0.32; 

 = 0.057), and TFV–DP accumulation ratio in PBMC/plasma (r = - 

.33; P = 0.053). This indicates that higher intracellular accumula- 

ion of TFV–DP was associated with higher decay in HIV DNA. 

.5. Effect of Fiebig stages on immunological/virological endpoints 

As reported in Table 1 , participants had variable Fiebig stage: 

he most common stages were II (13 patients, 18.3%), V (29 pa- 

ients, 40.8%) and VI (12 patients, 16.9%). There were no signifi- 

ant differences between Fiebig stages in terms of baseline CD4 + 
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ells count and recovery over time ( P > 0.641). On the other hand, 

articipants with lower Fiebig stages (I–II) had significantly higher 

lasma HIV RNA at baseline ( P = 0.001) compared with partici- 

ants diagnosed at later stages (III–VI). This difference was lost 

t follow-up, resulting in a significantly higher decay of plasma 

IV RNA in participants diagnosed at Fiebig stages I–II ( Figure 1 , 

 = 0.031 vs. III–IV and P < 0.001 vs. V–VI). 

Conversely, there were no differences in terms of HIV DNA 

n PBMC samples between Fiebig stages at baseline ( P = 0.739), 

ut this difference became increasingly important during treat- 

ent, reaching borderline significance at 48 weeks of treatment 

 P = 0.068). This significant trend was confirmed by mixed- 

odelling, which showed a significantly faster HIV DNA decay dur- 

ng treatment in patients with Fiebig stages I–II compared with 

tages III–IV ( P = 0.017) and V–VI ( P = 0.005), respectively. These 

esults are depicted in Figure 2 . 

.6. Interplay between Fiebig stages and cART 

Once the impact of treatment arms and Fiebig stages on viro- 

ogical endpoints was observed, the aim was to understand the ef- 

ect 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 

ummarised 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 + 

ell recovery, HIV RNA and HIV DNA kinetics between treatment 

rms in low Fiebig stages, whereas a significantly slower decay in 

IV RNA viral load was observed in patients from Arm I (DRV) 

ompared with the other arms (DTG and DRV + DTG) in patients 

ith higher Fiebig stages (III–VI). In line with the previous associ- 

tions between HIV DNA decay and PK/PD parameters, only TFV–

P concentration in PBMCs (r = -0.46; P = 0.019) and the TFV–DP 

BMCs-to-plasma concentration ratio (r = -0.47; P = 0.017) were 

orrelated with HIV DNA decay at week 48 in the higher Fiebig 

tages group. This correlation is depicted in Figure 3 . 

. Discussion 

The present randomised controlled study is one of the first to 

valuate modern therapeutic choices for the treatment of PHI and 

o confirm the lack of effect of intensified regimens. The results 

rom this study confirm the evidence from previous cohorts re- 

arding the higher HIV DNA decay in PHI, particularly during the 

ery early phases, namely Fiebig stages I–II [ 25 ]. 

There was a significantly faster decay in HIV RNA in the arms 

ontaining DTG (Arms II and III), but no difference in HIV DNA de- 

ay. This was more evident in the context of more advanced Fiebig 

tages (III–VI), but was not statistically significant in extremely 

arly stages (Fiebig I–II). 

The drugs that showed the highest penetration in PBMCs and 

Ns were the phosphorylated metabolites of the nucleoside ana- 

ogues, TFV–DP, and FTC–TP, confirming previous reports and the 

ell-known capability of TAF to accumulate in PBMCs [ 19 , 37 , 46 ].

n the other hand, both the “third drugs” (either DTG or DRV) 

howed PBMCs-to-plasma and LNs-to-plasma ratios lower than 1, 

ighlighting a moderate penetration of these drugs in PBMCs and 

Ns. These results are higher (0.32 and 0.59, respectively) than 

hose reported by Fletcher et al . in LN mononuclear cells (LNMCs) 

 19 ], where the reported DTG LNMC-to-plasma ratio was nearly 

.01. This difference was expected, as these studies aimed to de- 

cribe drug concentrations in two different com partments. In the 

urrent work, tissue homogenates were used from inguinal LNs to 

escribe the drug concentrations in the whole LN microenviron- 

ent, including interstitial fluid and different cell types. Therefore, 
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Figure 1. HIV RNA changes throughout the treatment period of 48 weeks, stratified by Fiebig stages. 

Figure 2. HIV DNA changes in peripheral blood mononuclear cells (PBMCs) during 

the study period, stratified by Fiebig stages. 
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Table 3 

Descriptive statistics stratified by randomisation arm, in patients with early (I–II) Fiebi

categorical variables, respectively. 

Factors Level/Unit Fiebig I–II 

TAF/FTC + DRV

N = 6 

Sex (%) F 1 (16.7) 

M 5 (83.3) 

Age (median [IQR]) years 32.1 [28.8–40.4

HBsAg (%) no 6 (100.0) 

HCV (%) no 6 (100.0) 

median CD4 BL [IQR] Cells/mm3 779 [633–794]

median CD4 w12 [IQR] Cells/mm3 745 [606–885]

median CD4 w24 [IQR] Cells/mm3 721 [616–842]

median CD4 w24 [IQR] Cells/mm3 957 [813–1065

median CD4 w48 [IQR] Cells/mm3 880 [768–1016

median HIV RNA BL [IQR] Log10 cps/mL 6.89 [6.28–7.00

median HIV RNA w2 [IQR] Log10 cps/mL 3.89 [3.39–5.15

median HIV RNA w4 [IQR] Log10 cps/mL 3.37 [3.06–4.11

median HIV RNA w8 [IQR] Log10 cps/mL 3.03 [1.80–4.03

median HIV RNA w12 [IQR] Log10 cps/mL 2.26 [1.44–3.22

median HIV RNA w24 [IQR] Log10 cps/mL 1.74 [1.38–2.61

median HIV RNA w36 [IQR] Log10 cps/mL 1.39 [1.30–2.25

median HIV RNA w48 [IQR] Log10 cps/mL 1.48 [1.30–1.60

median HIV DNA BL [IQR] Log10 cps/106 PBMCs 4.18 [3.91–4.82

median HIV DNA w12 [IQR] Log10 cps/106 PBMCs 3.68 [3.50–4.10

median HIV DNA w48 [IQR] Log10 cps/106 PBMCs 3.49 [0.83–3.74

5

hese results cannot be directly compared to the intra-LNMC con- 

entrations, particularly for drugs with limited intracellular pene- 

ration, such as DTG. This important difference between concen- 

rations in LN homogenates (generally lower than concentrations 

n plasma for the “third drugs”), representing the microenviron- 

ent, and the literature-reported LNMC concentrations confirm 

ower than proportional penetration of DTG from the extracellu- 

ar matrix in LNMCs compared with PBMCs (from blood/plasma). 

n the other hand, the quantification of DTG and other drugs in 

NMCs needs cell isolation steps with aqueous buffers (e.g., use of 

ell strainers with cell washings) [ 31 ], which are potentially asso- 

iated with drug loss from the cells, possibly leading to underesti- 

ation of DTG concentrations. 

Interestingly, the observed LNs-to-plasma concentrations ratios 

or DTG were comparable (0.59 vs. 0.44) with other studies that 

onsidered lymphoid tissue homogenates, such as that by Weber 

t al. on gut-associated lymphoid tissue (GALT) [ 47 ]. Conversely, 

oncerning TFV–DP and FTC–TP, there is a less significant impact of 

he extracellular matrix on the intracellular quantification, as these 
g stages. P -values refer to Kruskal-Wallis or Chi-square tests for continuous and 

P -value 

 TAF/FTC + DTG 

N = 6 

TAF/FTC + DRV + DTG 

N = 5 

0 (0.0) 0 (0.0) 0.378 

6 (100.0) 5 (100.0) 

] 39.3 [33.7–48.2] 44.8 [36.7–47.3] 0.714 

6 (100.0) 5 (100.0) NA 

6 (100.0) 5 (100.0) NA 

 570 [500–658] 567 [472–677] 0.37 

 546 [496–599] 642 [515–689] 0.134 

 630 [570–640] 659 [523–707] 0.61 

] 730 [712–809] 665 [538–714] 0.088 

] 685 [609–712] 596 [529–643] 0.056 

] 6.61 [6.50–6.91] 7.00 [6.11–7.00] 0.916 

] 3.82 [3.22–4.41] 3.24 [2.65–3.55] 0.405 

] 2.85 [2.35–3.51] 2.36 [2.35–2.73] 0.194 

] 2.52 [1.81–2.66] 2.04 [1.49–2.06] 0.299 

] 2.19 [1.80–2.31] 1.53 [1.48–1.65] 0.184 

] 2.10 [1.72–2.15] 1.48 [1.41–1.51] 0.52 

] 1.79 [1.60–2.09] 1.30 [1.30–1.48] 0.199 

] 1.61 [1.60–1.67] 1.48 [1.30–1.51] 0.4 

] 4.42 [4.17–4.73] 4.49 [4.45–4.77] 0.777 

] 3.96 [3.41–4.18] 4.24 [3.85–4.34] 0.612 

] 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 (III–VI) Fiebig stages. P -values refer to Kruskal-Wallis or Chi-square tests for continuous and 

categorical variables–respectively. 

Factors Level/Unit Fiebig stages III–VI P - value 

TAF/FTC + DRV N = 20 TAF/FTC + DTG 

N = 21 

TAF/FTC + DRV + DTG 

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] Log10 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] Log10 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] Log10 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] Log10 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] Log10 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] Log10 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] Log10 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] Log10 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] Log10 cps/106 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] Log10 cps/106 PBMCs 4.12 [3.83–4.31] 4.34 [3.96–4.63] 4.29 [3.80–4.56] 0.228 

median HIV DNA w48 [IQR] Log10 cps/106 PBMCs 3.90 [3.62–4.53] 3.95 [3.52–4.44] 4.16 [3.78–4.38] 0.893 

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). 
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etabolites are only produced and tend to remain within the cells, 

ue to their highly hydrophilic nature. Interestingly, only TFV–DP 

oncentrations in PBMCs showed a significant association with HIV 

NA decay after 48 weeks of treatment, in accordance with pre- 

ious reports [ 31 , 36 , 48 ]. TAF is a prodrug specifically designed to

how high PBMC-to-plasma accumulation ratios. Moreover, TFV–

P, the active intracellular moiety, has a well-known long half-life 

range 30–72 h), which makes it a marker of the overall expo- 

ure to treatment [ 40 , 49 , 50 ]. Therefore, combining these charac-

eristics, the correlation between HIV DNA decay and TFV–DP ac- 

umulation within PBMCs may be explained by a higher cumula- 
6

ive exposure to TAF, including higher overall bioavailability (ab- 

orption and first-pass metabolism) and/or higher adherence dur- 

ng the study period [ 49 ]. Moreover, the impact of TFV–DP con- 

entrations in PBMCs was significant only in the group of partici- 

ants with more advanced Fiebig stages (III–VI). This indicates that 

 higher HIV DNA decay can be achieved with extremely early 

reatment, irrespective of drug concentrations, whereas higher PK 

xposure may be required to achieve a similar goal in less recent 

nfections. 

There was a gradual trend for DTG concentrations in plasma 

nd PBMCs to increase over time throughout the protocol. Consid- 

ring that all the measurements were made at steady state, this 

rend may be explained by a gradual change in the inflamma- 

ory status in these patients, in accordance with previous reports 

 35 , 51 ]. 

Nevertheless, the present study has some limitations. The PK 

valuation was performed in only a small subset of patients (n = 9) 

n LNs, due to the invasive sampling. The quantification in LNs was 

erformed in tissue homogenates, including different cell types 

nd interstitial fluid, and was therefore not comparable with pre- 

iously described drug concentrations in LNMCs. Total HIV DNA 

as quantified, which is expected to be the most reliable from 

 quantitative point of view [ 7 , 10 , 52 ], but we cannot infer about

ts replication competency. Finally, the overall relatively low num- 

er of patients and the inhomogeneous treatments do not allow 

nough stratification to draw definitive conclusions. 

In conclusion, the present study indicates variable penetration 

f ARVs in PBMCs and LNs, confirming higher penetration and im- 

act on HIV DNA reservoir for TFV–DP, particularly compared with 

TG and DRV. It is worth noting that this correlation emerges later 

uring the follow-up (at 48 weeks) and is particularly marked in 

atients with less recent PHI (Fiebig III–VI), indicating a cumula- 

ive and slow effect of TFV–DP on HIV DNA during the first year of 

reatment. Moreover, the observed correlation between HIV DNA 

hange and TFV–DP might be explained by a mutual correlation 

ith a third genetic or immunological factor that was not observed 

n the current study. This latter point deserves further investiga- 

ion. On the other hand, extremely early treatment, during Fiebig 

tages I–II, overcomes the impact of treatment regimens and ARV 
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