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Protease inhibitor (PI) monotherapy is a potential approach to alleviate antiretroviral treatment. We pooled the results of three PI/r monotherapy trials and demonstrate that ultrasensitive viral load is a useful virological marker to select the best candidates for PI/r monotherapy.

Introduction

International guidelines for initial therapy recommend a three-antiretroviral regimen with drugs from at least two classes [START_REF]European AIDS Clinical Society Guidelines[END_REF][START_REF]Guidelinesfor the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents[END_REF][START_REF]Prise en Charge Me´dicale des Personnes Vivant Avec le VIH. Recommandations du Groupe d'Experts[END_REF][START_REF] Günthard | Antiretroviral Drugs for Treatment and Prevention of HIV Infection in Adults: 2016 Recommendations of the International Antiviral Society-USA Panel[END_REF]. Treatment optimization and simplification are recommended by French guidelines in cases of virological success, under certain conditions [5]. Protease inhibitor monotherapy is a potential switch strategy to standard combination antiretroviral therapy (cART) in cases of drug toxicity or to avoid it. Indeed, extended use of triple therapy is associated with adverse events, such as renal and cardiovascular toxicities, drug-drug interactions, long-term adherence problems, and a long-term risk of selection of HIV-1 drug resistance [START_REF] Mathis | Effectiveness of protease inhibitor monotherapy versus combination antiretroviral maintenance therapy: a metaanalysis[END_REF][START_REF] Bierman | HIV monotherapy with ritonavir-boosted protease inhibitors: a systematic review[END_REF][START_REF] Arribas | Efficacy of protease inhibitor monotherapy vs. triple therapy: meta-analysis of data from 2303 patients in 13 randomized trials[END_REF].

A recent review of PI/r monotherapy trials concluded than PI/r monotherapy is associated with a higher risk of elevated plasma HIV-1 RNA levels than triple therapy [START_REF] Arribas | Efficacy of protease inhibitor monotherapy vs. triple therapy: meta-analysis of data from 2303 patients in 13 randomized trials[END_REF], but it also showed re-suppression of HIV-1 RNA after intensification with NRTIs. Thus, the switch-included analysis showed the efficacy of PI/r monotherapy to be comparable to that of triple therapy [START_REF] Arribas | Efficacy of protease inhibitor monotherapy vs. triple therapy: meta-analysis of data from 2303 patients in 13 randomized trials[END_REF]. The largest study conducted on PI/r-MT (PIVOT) showed that this strategy, with regular viral load monitoring and prompt reintroduction of combination treatment in case of virological rebound, preserved future treatment options and did not change overall clinical outcomes or the frequency of toxic effects [START_REF] Paton | Protease inhibitor monotherapy for long-term management of HIV infection: a randomised, controlled, open-label, non-inferiority trial[END_REF].

The maintenance of virological efficacy is not the only concern surrounding the use of PI/r monotherapy. Indeed, the long-term consequences of persistent residual viremia are yet to be determined and may include not only virological rebound, but also the emergence of resistance mutations and the persistence of immune activation and inflammation. Two clinical trials have shown that ultrasensitive viral load (USVL) (> 1 copy/mL) was individually associated with virological failure in the PI/r monotherapy arm [START_REF] Meynard | Lopinavir/r vs efavirenz/FTC/TDF for HIV maintenance therapy: results of the ANRS 140 DREAM trial[END_REF][START_REF] Valantin | Long-term efficacy of darunavir/ritonavir monotherapy in patients with HIV-1 viral suppression: week 96 results from the MONOI ANRS 136 study[END_REF]. Thus, it is necessary to refine selection criteria to choose the best candidates for PI/r monotherapy. We combined data from three randomized trials (Kalesolo IMEA 030, Dream ANRS 140, and Monoi ANRS 136) and performed a pooled analysis. Our objective was to determine: 1) the distribution of ultrasensitive viral load (USVL) at week 96 (W96), 2) the virological and clinical characteristics associated with virological failure (VF) at W96, and 3) the factors associated with an USVL < 1 copy/ml at W96 in a large population receiving either PI/r monotherapy or standard triple therapy. These data may be useful for the evaluation of USVL as a virological marker to choose treatment strategies.

Methods

Study design

The study was composed of three randomized clinical trials that evaluated the efficacy of PI/r monotherapy vs standard triple therapy: Monoi, Dream, and Kalesolo [START_REF] Meynard | Lopinavir/r vs efavirenz/FTC/TDF for HIV maintenance therapy: results of the ANRS 140 DREAM trial[END_REF][START_REF] Valantin | Long-term efficacy of darunavir/ritonavir monotherapy in patients with HIV-1 viral suppression: week 96 results from the MONOI ANRS 136 study[END_REF][START_REF] Meynard | Lopinavir/ritonavir monotherapy versus current treatment continuation for maintenance therapy of HIV-1 infection: the KALESOLO trial[END_REF] (Table 1). The protocols were approved individually by an ethics committee 

Virological methods

Plasma HIV-1 RNA was quantified using the Cobas AmpliPrep/CobasTaqMan HIV-1 assay version 2.0 (Roche Diagnostics; lower detection limit of 20 copies/mL). Below this cutoff, the assay indicates the qualitative detection of pHIV-1 RNA in the range of 1 to 20 copies/mL. Residual viremia was measured at baseline and W96: USVL was between 1 and 20 copies/mL when a signal was detected and below 1 copy/mL when there was no detected signal. The measure of USVL was centralized for each trial.

Statistical Analysis

VF was defined as two consecutive measurements of HIV-1 RNA viral load > 50 copies/mL and analyzed in intention-to-treat. Patient characteristics are presented as medians and the interquartile range for continuous variables and percentages for categorical variables. We investigated age, time since HIV diagnosis (year), ART duration (years), CD4 and CD8 cell counts at baseline, sex, transmission group, assigned ARV treatment group, CD4/CD8 ratio, and US VL at baseline as potential risk factors for VF and USVL > 1 copy/ml at W96 using regression logistic models. A series of univariate models were fitted to the data and all variables providing p < 0.20 were retained to be potentially included in the final multivariate models. Final models were selected using a stepwise procedure keeping variables with a p < 0.05.

Fisher's exact test was used to investigate differences in USVL at W96.

Results

Patient characteristics

We analyzed data on a total of 609 patients at baseline (D0) and W96 (225 from the Monoi trial, 197 from the Dream trial, and 187 from the Kalesolo trial). Only patients with an available measurement of USVL at baseline and W96 were considered for analysis. Patient characteristics are described in Table 2, overall and by trial. Among the 609 patients, 73% were male with a median age of 44.4 years (IQR 39.8-52.1), the duration of ARV treatment was five years, (IQR 2.8-9.9), the baseline CD4/CD8 ratio 0.8 (IQR 0.6-1.10), the baseline CD4 cell count 564/mm 3 (IQR 422-707), and 59% had a baseline USVL <1 copy/mL (table 3). There were no significant differences in the baseline patient characteristics between the trials.

Efficacy according to USVL

The distribution of USVL is shown in table 3. At baseline, the proportion of USVL< 1 copy/mL was similar in each trial (58%, 59% and 60% in Monoi, Dream and kalesolo respectively). Morever in each trial, the proportion the proportion of USVL< 1 copy/mL was similar between PI/r monotherapy arm and tritherapy arm. At W96, the proportion of USVL < 1 copy/mL was significantly lower for PI/r monotherapy than standard triple therapy in the pooled-analysis (65% vs 74%; p = 0.04). We also found this significant difference individually in the Dream and Kalesolo trials but not the Monoi trial. There was no difference in the USVL distribution between NNRTI or PI-based triple therapy. Moreover, there was a significant difference at W96 when we compared the distribution of USVL in monotherapy strategies between LPV/r and DRV/r (57% vs 76%, respectively, p = 0.0014).

Factors associated with virological success at W96 (VL<50 copies/mL)

We studied factors associated with treatment strategy failure by univariate and multivariate analyses (Table 4). Overall, factors associated with virological success at W96 were higher baseline CD4 cell counts (p = 0.034) and baseline USVL < 1 copy/mL (p = 0.0005) by multivariate analysis. Moreover, baseline USVL < 1 copy/mL was also associated with virological success at W96 for patients receiving triple therapy (p = 0.002).

Factors associated with a USVL < 1 copy/mL at W96

Overall, baseline USVL < 1 copy/mL, triple therapy regimen, and being female were associated with an USVL < 1 copy/mL at W96 (p < 0.0001, p = 0.049, and p = 0.006, respectively) (Table 5). Among patients receiving PI/r monotherapy, DRV/r, rather than LPV/r, was associated with an USVL < 1 copy/mL at W96 (p = 0.03). Among patients receiving DRV/r monotherapy, 84% with an USVL < 1 copy/mL at baseline retained an USVL < 1 copy/mL at W96 compared with 65% for patients receiving LPV/r monotherapy (p=0.02). Among patients with detectable baseline USVL (USVL ≥ 1 copy/mL), 47% still had a detectable USVL at W96 in the DRV/r monotherapy group vs 53% for the LPV/r monotherapy group but this difference is not statistically significant (Figure 1).

Discussion:

This is the first analysis of USVL in three pooled PI/r monotherapy trials of treated and controlled patients. This retrospective study compared the efficacy of PI/r monotherapy vs triple therapy, as well as the efficacy of DRV/r monotherapy vs LPV/r monotherapy and PI-based triple therapy vs NNRTI-based triple therapy. This study confirmed the superior efficacy of triple therapy for virological success (failure was defined as two consecutive VL > 50 copies/mL). These results are consistent with those of all PI/r monotherapy clinical trials. PI/r monotherapy was associated with a higher risk of low level HIV-1 RNA viral load than triple therapy in a meta-analysis of 13 randomized clinical trials with 2,303 virologically-suppressed patients at baseline [START_REF] Arribas | Efficacy of protease inhibitor monotherapy vs. triple therapy: meta-analysis of data from 2303 patients in 13 randomized trials[END_REF]. Moreover, the sub-Saharan Africa Mobidip trial showed similar results in a different context: a dual-therapy maintenance strategy with boosted PI and lamivudine showing superiority to boosted PI monotherapy alone for the prevention of VF [START_REF] Ciaffi | Boosted protease inhibitor monotherapy versus boosted protease inhibitor plus lamivudine dual therapy as second-line maintenance treatment for HIV-1-infected patients in sub-Saharan Africa (ANRS12 286/MOBIDIP): a multicentre, randomised, parallel, open-label, superiority trial[END_REF]. Multiple studies have identified a number of factors associated with failure of PI/r-MT, including nadir and baseline CD4 cell counts, proviral HIV DNA, duration of viral suppression, previous failure of ART, HCV co-infection, PI/r in the baseline cART, residual viremia levels at the time of switch, hemoglobin levels, age, VL at cART initiation, gender, and mode of HIV transmission [START_REF] Stöhr | Factors associated with virological rebound in HIV-infected patients receiving protease inhibitor monotherapy[END_REF][START_REF] Pulido | Impact of hepatitis C co-infection on response to antiretroviral treatment[END_REF][START_REF] Gutmann | Randomized controlled study demonstrating failure of LPV/r monotherapy in HIV: the role of compartment and CD4-nadir[END_REF][START_REF] Guiguet | Boosted protease inhibitor monotherapy as a maintenance strategy: an observational study[END_REF][START_REF] Pulido | Risk factors for loss of virological suppression in patients receiving lopinavir/ritonavir monotherapy for maintenance of HIV suppression[END_REF][START_REF] Lambert-Niclot | Factors associated with virological failure in HIV-1-infected patients receiving darunavir/ritonavir monotherapy[END_REF][START_REF] Geretti | Dynamics of cellular HIV-1 DNA levels over 144 weeks of darunavir/ritonavir monotherapy versus triple therapy in the MONET trial[END_REF][START_REF] Arribas | Predictors of long-term HIV RNA suppression on darunavir/ritonavir monotherapy in the MONET trial[END_REF][START_REF] Gutierrez-Valencia | Darunavir minimum plasma concentration and ritonavir-boosted darunavir monotherapy outcome in HIV-infected patients[END_REF].

Our study focused on USVL or residual viremia. Indeed, reduction of HIV-1 RNA levels to less than 50 copies/ml is frequently achieved during combination antiretroviral therapy. However, residual low-level viremia has been detected under the detection threshold of assays in 33 to 80% of cases [START_REF] Charpentier | Virological outcome at week 48 of three recommended first-line regimens using ultrasensitive viral load and plasma drug assay[END_REF][START_REF] Palmer | Low-level viremia persists for at least 7 years in patients on suppressive antiretroviral therapy[END_REF][START_REF] Haïm-Boukobza | Higher efficacy of nevirapine than efavirenz to achieve HIV-1 plasma viral load below 1 copy/ml[END_REF][START_REF] Doyle | Plasma HIV-1 RNA detection below 50 copies/ml and risk of virologic rebound in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Pugliese | An undetectable polymerase chain reaction signal in routine HIV plasma viral load monitoring is associated with better virological outcomes in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Martin-Blondel | Factors associated with a strictly undetectable viral load in HIV-1-infected patients[END_REF]. Notably, this persistent viremia may be present several years into therapy [START_REF] Palmer | Low-level viremia persists for at least 7 years in patients on suppressive antiretroviral therapy[END_REF]. Two theories may explain RV in patients on HAART [START_REF] Shen | Viral reservoirs, residual viremia, and the potential of highly active antiretroviral therapy to eradicate HIV infection[END_REF]. In the first, RV may represent ongoing cycles of replication that continue at a low level because of the non-suppressive effects of the drugs. In the second, HAART stops all ongoing cycles of replication, and RV reflects the release of virus from stable reservoirs, such as the latent reservoir in resting CD4 T cells. The long-term consequences of persistent low-level viremia are not known, although there is growing interest in the chronic inflammatory component of HIV infection which can be observed among those who have residual viraemia [START_REF] Mavigner | HIV-1 residual viremia correlates with persistent T-cell activation in poor immunological responders to combination antiretroviral therapy[END_REF][START_REF] Ostrowski | Residual viraemia in HIV-1-infected patients with plasma viral load <or=20 copies/ml is associated with increased blood levels of soluble immune activation markers[END_REF] . In our study USVL was measured with commercial standard Roche assay and limit of this measure was a lack of reproducibility of molecular assays as such low-levels of replication combining in vitro assays variations and in vivo infection dynamics.

Our results on the USVL are in accordance with the better efficacy of triple therapy, which was previously shown in the Monark study in cART-naïve patients [START_REF] Tran | Residual HIV-1 replication may impact immune recovery in patients on first-line lopinavir/ritonavir monotherapy[END_REF]. Indeed, residual viral replication was more frequent with LPV/r monotherapy (32%) than triple therapy (18%) at week 60, despite a limited number of patients. DRV/r is an appropriate candidate for PI/r monotherapy due to its high genetic barrier [START_REF] Meyer | Characterization of virologic failure patients on darunavir/ritonavir in treatment-experienced patients[END_REF], high potency in wildtype and resistant HIV strains, and good pharmacokinetic profile [START_REF] Boffito | Pharmacokinetics, efficacy, and safety of darunavir/ritonavir 800/100 mg once-daily in treatment-naïve and -experienced patients[END_REF]. DRV/r potency was efficient not only on virological response, but also on residual viremia. Other studies on maintenance strategies have demonstrated a varying impact on residual viremia depending on the ARV used.

Among treated patients exhibiting virological success, an NNRTI-containing regimen, specifically NVP, better controlled residual viremia than other combination regimens [START_REF] Haïm-Boukobza | Higher efficacy of nevirapine than efavirenz to achieve HIV-1 plasma viral load below 1 copy/ml[END_REF][START_REF] Martin-Blondel | Factors associated with a strictly undetectable viral load in HIV-1-infected patients[END_REF][START_REF] Bonora | Ultrasensitive assessment of residual HIV viraemia in HAART-treated patients with persistently undetectable plasma HIV-RNA: a cross-sectional evaluation[END_REF]. The USVL at W96 in our study suggests that LPV/r may be less potent than DRV/r. Indeed, DRV/r has been shown to be more efficient than LPV/r, even in triple therapy strategies, such as those in trials comparing DRV/r to LPV/r, either with a TDF/FTC backbone in cART-naïve patients [START_REF] Mills | Once-daily darunavir/ritonavir vs. lopinavir/ritonavir in treatment-naive, HIV-1-infected patients: 96-week analysis[END_REF] or in patients already receiving an NRTI or NNRTI backbone [START_REF] Bánhegyi | Week 96 efficacy, virology and safety of darunavir/r versus lopinavir/r in treatment-experienced patients in TITAN[END_REF]. In cART-naïve patients, the Artemis study demonstrated that virological response to once-daily DRV/r was both statistically non-inferior and superior to the virolgical response to LPV/r at week 96.

In already treated patients, the Titan study showed that VF (HIV-1 RNA > 400 copies/mL) with DRV/r (13.8%) was nearly half that with LPV/r (25.6%). Thus, the non-inferiority of DRV/r over LPV/r was maintained at 96 weeks and the difference in response was statistically significant [START_REF] Mills | Once-daily darunavir/ritonavir vs. lopinavir/ritonavir in treatment-naive, HIV-1-infected patients: 96-week analysis[END_REF].

In this large study, a detectable baseline residual viremia and lower baseline CD4 cell count were associated with VF at W96. Few studies have not highlighted the association between low level viremia or very low level viremia and VF but the threshold was not as low as in our study (<1copy/mL) [START_REF] Charpentier | Virological outcome at week 48 of three recommended first-line regimens using ultrasensitive viral load and plasma drug assay[END_REF][START_REF] Widdrington | The significance of very low-level viraemia detected by sensitive viral load assays in HIV infected patients on HAART[END_REF][START_REF] Teira | Very low level viraemia and risk of virological failure in treated HIV-1-infected patients[END_REF][START_REF] Gianotti | Residual viraemia does not influence 1 year virological rebound in HIV-infected patients with HIV RNA persistently below 50 copies/mL[END_REF] .Our results are in accordance with many studies that have shown an increased risk of VF in patients with detectable residual viremia [START_REF] Doyle | Plasma HIV-1 RNA detection below 50 copies/ml and risk of virologic rebound in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Pugliese | An undetectable polymerase chain reaction signal in routine HIV plasma viral load monitoring is associated with better virological outcomes in patients receiving highly active antiretroviral therapy[END_REF][START_REF] Bonora | Ultrasensitive assessment of residual HIV viraemia in HAART-treated patients with persistently undetectable plasma HIV-RNA: a cross-sectional evaluation[END_REF][41][42][43]. A more recent study on 1,055 patients with two years of follow-up demonstrated a 50% lower risk of VF for patients carrying an USVL < 1 copy/mL than those with an USVL between 1 and 20 copies/mL and between 20 and 50 copies/mL[44]. In the Monet trial, patients with baseline HIV RNA < 5 copies/mL showed the highest rates of sustained HIV RNA suppression < 50 copies/mL on DRV/r monotherapy [START_REF] Arribas | Predictors of long-term HIV RNA suppression on darunavir/ritonavir monotherapy in the MONET trial[END_REF]. We can regret not to have the duration of viral suppression before randomization, indeed it would have been interesting to assess a link with USVL.

In conclusion, baseline USVL appears to be a useful virological marker to predict residual viremia and VF at W96 for patients under PI/r monotherapy, as well as for those under triple therapy. Although PI/r monotherapy is not widely recommended, this strategy is still used and remains an alternative option. Virological markers are thus required to define good candidates for such a strategy and we recommended that clinicians consider USVL before choosing PI/r monotherapy treatment for their patients. 
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 1 Figure 1: Distribution of USVL at baseline and W96 in PI/r monotherapy strategy
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Table 2 .

 2 Patient characteristics

		Pooled Analysis	Monoi	Dream	Kalesolo
	Number of patients	609	225	197	187
	Age (y), median [IQR]	44.4 [39.8-52.1]	46 [40.5-53.9]	44.5 [39.2-52.8]	43.1 [39-49.9]
	Sex				
	Male	446 (73.36)	170 (75.56)	138 (70.05)	138 (74.19)
	Female	162 (26.64)	55 (24.44)	59 (29.95)	48 (25.81)
	Time since HIV diagnosis (y), median	9.1 [4.6-15]	10.7 [5.0-15.7]	7.7 [4.4-11.9]	9.6 [4.7-15.6]
	[IQR]				
	ART duration (y), median [IQR]	5.0 [2.8-9.9]	8.3 [3.7-11.2]	5.0 [3.1-11]	3.2 [1.9-6.1]
	Number of patient with VL	556 [92.51]	213 [94.67]	181 [95.26]	162 [87.10]
	≤50copies/mL at D0, n [%]				
	Number of patient with VL	494 [95.00]	211 [93.78]	162 [94.19]	118 [95.93]
	≤50copies/mL at W96 , n [%]				
	CD4 cell count at D0, cells/mL,	564[422-707]	583 [428-763]	596 [463-725]	517 [384-659]
	median [IQR]				
	CD4/CD8 ratio at D0, median [IQR]	0.8 [0.6-1.10]	0.8 [0.6-1.1]	0.8 [0.6-1.1]	0.5 [0.4-0.6]
	CD4 cell count at W96, cells/mL,	604.5 [464-797]	645 [488-860]	612 [471-811]	581 [444-746]
	median [IQR]				
	CD4/CD8 ratio at W96, median [IQR] 0.9 [0.63-1.23]	0.9 [0.8-1.2]	0.8 [0.6-1.2]	0.8 [0.6-1]

Table 5 .

 5 Factors associated with an USVL < 1 copy/mL at W96

		Multivariate analysis	
		Overall		
	Variable	OR	95%CI	p-value
	Female vs male	2.07	1.2-3.5	0.006
	Tri vs Mono	1.51	1.0-2.3	0.049
	USVL < 1 cp vs ≥ 1 cp at D0	2.31	1.5-3.5	<.0001
		Monotherapy Group	
	Female vs male	2.35	1.2-4.7	0.02
	DRV vs LPV	1.93	1.1-3.5	0.03
	USVL < 1			

cp vs ≥ 1 cp at D0

  

		2.86	1.6-5.1	0.0004
		Triple therapy Group	
	USVL < 1 cp vs ≥ 1 cp at D0	2.0	1.1-3.6	0.02
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