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HIV-1 reservoir size and dynamics are promising parameters to ensure the safe prescription of simplified maintenance antiretroviral therapy in chronically HIV-1 infected patients. In the SIMPL’HIV trial, HIV-1 DNA was quantified in peripheral blood mononuclear cells obtained at baseline and week 48 to investigate changes over time and evidence of a predictive relationship to maintain HIV-1 RNA <20 copies/ml. Measurements were available for 175 patients, with no differences observed between treatment strategies. Findings showed that baseline HIV-1 DNA was lower in those with durable HIV-1 RNA <20 copies/ml compared with patients with incomplete viral suppression over 48 weeks.
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Introduction

Currently available standard combination antiretroviral therapy (cART) regimens effectively suppress HIV-1 replication. However, the virus persists in infected cells and discontinuation of treatment allows it to re-emerge from the latent reservoir (1). This HIV-1 reservoir is particularly maintained in latently-infected CD4 T-cells circulating in the peripheral blood or disseminated in lymphoid organs and associated tissues and can be measured as the total cell-associated HIV-1 DNA per 1 million peripheral blood mononuclear cells (PBMCs) (2). Although only a small part of the latent reservoir is attributable to peripheral PBMCs, the latter is a well validated marker and relatively easy to measure.

The HIV-1 reservoir establishes itself very early in the course of HIV-1 infection and is a strong predictor of disease progression and virological rebound during ART interruptions (3). Although the HIV-1 DNA level decreases in most patients on cART, the decline varies among individuals and is associated with pre-therapeutic HIV-1 DNA and HIV-1 RNA levels, as well as the baseline CD4 cell count (4, 5). Total HIV-1 DNA levels could be prognostic of the response to cART and have been found to be predictive of the success of boosted protease-inhibitor–based simplification strategies, including recent dolutegravir (DTG) monotherapy-based simplification trials (2, 6–8). Although the threshold of HIV-1 DNA is debatable, recent French guidelines state that HIV-1 DNA <3 log copies/106 PBMC is associated with the success of maintenance strategies (9).

Randomized controlled trials have already demonstrated the efficacy of dual therapy both either in treatment-naïve and experienced patients (10–12). The current study is embedded in the SIMPL’HIV trial, a randomized controlled trial aimed at investigating maintenance therapy using a dual therapy consisting of dolutegravir + emtricitabine (DTG+FTC) compared to standard of care (cART). In this study, we assessed the applicability of the baseline HIV-1 DNA level as a potential predictor to determine the success of a reductive antiretroviral strategy, thus sparing patients the risk of HIV-1 RNA detection.



Materials and Methods


SIMPL’HIV Trial

The SIMPL’HIV trial was a multicenter, non-inferiority, open-label, randomized, factorial design trial conducted within the Swiss HIV Cohort Study from May 2017 to May 2018 (NCT03160105). The study showed the non-inferiority of DTG+FTC in terms of maintaining viral suppression, defined as HIV-RNA <100 copies/ml through 48 weeks of follow-up compared to standard triple therapy. All measurements and collections of clinical data used here are reported in the main publication of the study, as well as the details concerning the inclusion and exclusion criteria and a flowchart of the study (12). Written informed consent was obtained from each participant before the initiation of study procedures.



HIV-1 DNA Quantification

HIV-1 DNA quantification in PBMCs was performed using the GENERIC HIV DNA Cell kit (Biocentric). Briefly, DNA was isolated from 3 to 5 million cryopreserved PBMCs and HIV-1 DNA values determined as the absolute HIV-1 DNA copy number per 1 million genomic equivalents. All the undetectable values (9 out of 352 measurements) that were below the individually calculated detection limit, were censored at this maximal value. In one case, the maximal value was set to 35.1.



Statistical Analysis

Descriptive analyses were performed for baseline characteristics using frequencies and percentages for categorical variables and medians (interquartile range [IQR]) for continuous variables. A comparison of HIV-1 DNA level changes in the two groups (DTG+FTC dual therapy intervention vs. standard care) were analyzed using the observed values from baseline to 48 weeks of treatment using a paired Wilcoxon signed rank test. In order to compare the values between the two groups, the Wilcoxon rank sum test was applied. The same comparison was repeated to compare patients who presented a value of HIV-1 RNA >20 copies/ml and those who did not. To account for the skewed distribution, the log of the HIV-1 DNA was used to compare the different time points and different groups.

Predictive factors of the virological response were assessed using univariable and multivariable logistic models, including HIV-1 DNA at the time of randomization, time of treatment and the CD4 nadir. We used the receiver operating characteristics (ROC) curve methodology to identify a cut-off value of the HIV-1 DNA measurements to successfully predict the therapeutic response based on the Youden Index. This allowed to discriminate between patients who presented a value of HIV-1 RNA >20 copies/ml plasma during the 48-week study period and those who successfully maintained their virological suppression upon DTG+FTC dual therapy and cART therapy. All statistical analyses were performed using R software (version 3.6.1 or higher) through the RStudio interface.




Results

A total of 175 patients (of 188 randomized in the study) had available HIV-1 DNA reservoir data at baseline and at week 48 (87 in the DTG+FTC group and 88 in the cART group). Demographic and baseline characteristics are shown in Supplementary Table 1. The median CD4 nadir was 240 cells/mm3 for DTG+FTC and 242 cells/mm3 for cART, while the median CD4 at baseline was 669 cells/mm3 and 677 cells/mm3, respectively. The median change of the log10-scale HIV-1 DNA between baseline and week 48 was not statistically significant in either treatment group. It was 0.06 (95% confidence interval [CI], -0.06-0.19, P = 0.352) for the DTG+FTC group and 0.07 (95% CI, -0.06-0.21, P = 0.302) for the cART group. Moreover, the difference in medians between the two groups was not statistically significant either; it was 0.01 (95% CI, -0.11-0.14; P = .838) at baseline and 0.00 (95% CI, -0.15-0.14; P = .992) at week 48 (Table 1). The graphical representation can be found in Figure 1, where the distributions of the different groups and time points show comparable results.


Table 1 | Comparison of the median values of the HIV-1 DNA reservoir between treatment groups on a log10-scale and between patients with and without values of HIV-1 RNA >20 copies/ml throughout the 48-week study.






Figure 1 | Violin plots representing the HIV-1 DNA reservoir with boxplots showing median with interquartile range (IQR) and whiskers with maximum length of 1.5 IQR together with the density distribution. (A) Treatment groups on a log10-scale. (B) Patients with and without values of HIV-1 RNA >20 copies/ml throughout the 48-week study. DTG, dolutegravir; cART, combination antiretroviral therapy.



Forty-five patients had at least a single value of HIV-1 RNA >20 copies/ml among the 7 or more measurements obtained during the 48 weeks (22/87 and 23/88 in the DTG+FTC cART groups, respectively), corresponding to 42 and 36 single events, respectively. Among these patients, 15 had >50 HIV-1 RNA copies/ml (7 values in 5 patients in the DTG+FTC group and 8 values in 7 patients in the cART group). There was a significant difference in the baseline value of HIV-1 DNA between patients with at least a single value of HIV-1 RNA >20 copies/ml compared to those who remained suppressed throughout the study (difference in medians, 0.18 [95% CI, 0.04-0.32]; P = .011; odds ratio [OR], 2.90 [95% CI, 1.25-6.73]; P = .013) (Table 2). A multivariable logistic model including HIV-1 DNA levels at baseline, CD4 nadir and time since ART initiation showed that HIV-1 DNA remained the only significant parameter (OR, 2.67 [95% CI, 1.13-6.32]; P = 0.025) to predict values of HIV-1 RNA >20 copies/ml. A significant difference was also observed at the time of week 48 measurements between patients with at least a single value of HIV-1 RNA >20 copies/ml throughout the 48 weeks and those without an event (difference in medians in log10-scale, 0.20 [95% CI, 0.04-0.35]; P = .016). No significant difference was observed within the groups comparing baseline and week 48 results; the median change was 0.06 (95% CI, -0.05-0.17, P = 0.272) for HIV-1 RNA <20 copies/ml and 0.08 (95% CI, -0.11-0.25, P = 0.385) for HIV-1 RNA >20 copies/ml.


Table 2 | Odds ratio estimates with 95% confidence intervals based on simple and multivariable models for potential predictive factors of patients with HIV-1 RNA values >20 copies/ml.



ROC curve analysis of HIV-1 DNA for the discrimination of patients with and without HIV-1 RNA >20 copies/ml yielded an area under the curve (AUC) of 0.63 (95%-CI 0.54 to 0.72) and a cut-off point based on the Youden index of 2.98 (log10-transformed baseline value). The sensitivity at the cut-off point is 75.6%, i.e. the power to rule out elevated HIV-1 RNA is rather good if the baseline DNA level is below the cut point. The specificity is 45.4%, i.e. the power to rule in elevated HIV-1 RNA is rather low if the baseline DNA level is above the cut point (Table 3).


Table 3 | Receiver operating characteristic curve analysis for HIV-1 DNA at baseline to predict virological values of HIV-1 RNA >20 copies/ml throughout the 48-week study.





Discussion

In this study of HIV-suppressed patients included in a nationwide randomized trial, there was no significant difference in the HIV-1 DNA reservoir size between study groups over 48 weeks, thus showing that the HIV-1 DNA level remained stable in patients under dual or standard therapy. It was also observed that higher levels of HIV-1 DNA at baseline in both treatment groups could predict values of HIV-1 RNA above the threshold value of 20 copies/ml during the following 48 weeks. In the EARLY-SIMPLIFIED study (8), it was observed that the reservoir was relatively stable over time in most patients who started ART during primary HIV infection. Of note, the observation period in the SIMPL’HIV trial started more than 7 years (median value) after initiation of ART therapy. Thus, we were able to investigate a period where the stability of the HIV-1 reservoir was even higher compared to the first years of ART.

The SIMPL’HIV study compares favorably with many other previous trials comparing HIV-1 DNA measurements in patients under various ART regimens, including simplified regimens of mono- or dual therapies. The AtLaS study (13), which included patients switching from triple to dual therapy, observed a decrease of HIV-1 DNA levels in leucocytes from baseline to week 48, but no significant difference between dual and triple therapy. Another small study conducted in 30 patients with plasma HIV-1 RNA suppression <50 copies/ml (14) observed that HIV-1 DNA decay in patients occurred in the first years and then remained stable after the fourth year of standard ART treatment. In a Swiss cohort study (15), the authors observed differences in HIV-1 DNA levels in early vs late treatment initiation and in non-treated patients. In a Greek cohort study (6), the level of HIV-1 DNA was the only parameter significantly associated with viral rebound, as observed in the SIMPL’HIV analysis. Furthermore, low baseline values of HIV-1 DNA load levels were able to predict a non-virologic rebound throughout the study period (6). Moreover, adverse events and side effects of the tested therapies never showed a difference among them and reported similar events as the most frequent ones, e.g. upper respiratory infections, headaches, diarrhea and urinary tract (12, 13).

In the SIMPL’HIV Trial, the HIV-1 RNA events of >20 copies/ml throughout the 48-week measurements occurred in approximately one out of four patients in both treatment strategies. Results observed in the SIMPL’HIV study on the maintenance of HIV-1 suppression were comparable with other reports. For example, another study (6) showed that patients with a low level of HIV-1 DNA at baseline did not show an event of HIV-1 RNA >20 copies/ml during the following weeks of treatment. Other parameters of interest, such as CD4 nadir and time since ART initiation, There was no significant difference among other parameters of interest (such as CD4 nadir and time since ART initiation) between patients that did not have a HIV-1 RNA event >20 copies/ml and those that did experience such an event. The finding that HIV-1 DNA could be used as a possible suppression predictor is particularly interesting in the context of widely-used dual therapy, and as also previously observed (2, 6, 7). Importantly, the assessment of HIV-1 DNA level could translate into a promising prognostic marker of long-term HIV-1 viral suppression on a simplified reduced regimen. The estimated optimal cut-off point regarding the maintenance of a successful strategy of HIV-1 RNA suppression throughout the study is comparable to the value given in the recent French guidelines (9), i.e., <3 log copies/106 PBMC. This confirms that our threshold value is in line with current guidelines and provides a further confirmation of the potentiality of HIV-1 DNA as a predictor for the maintenance of low levels of HIV-1 RNA.

Nevertheless, a limitation of this study concerns the fact that the estimated optimal cut-off could be assessed only for single values of HIV-1 RNA over the minimum value of 20 copies/ml. Due to the low number of non-virological suppressed patients observed, it is not possible to determine an estimation of the cut-off for virological suppression as defined in the main analysis of the SIMPL’HIV study. Additionally, the results of the SIMPL’HIV study suggest that dual therapy is safe when also taking into consideration the fact that HIV-1 DNA levels remained low throughout the study. The limitation of this finding is the short duration of the study measurements, both at baseline and after 48 weeks. Of further note is the fact that measuring total HIV-1 DNA is not only quantifying replication-competent viruses, however, has been shown to have predictive values (2).

In conclusion, in the context of the SIMPL’HIV study, no difference in HIV-1 DNA was observed among patients, whether on cART or on a simplified regimen of DTG+FTC. Our findings also tend to suggest that baseline HIV-1 DNA could be potentially used as a predictive factor to maintain the level of HIV-1 RNA below the threshold of 20 copies/ml, showing a threshold that was observed in previous studies and in the guidelines.
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