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Abstract  35 

Background 36 

Randomized, placebo-controlled clinical trials (RCTs) that include analytical treatment 37 

interruptions (ATI) are conducted to test the efficacy of HIV cure strategies. Two independent 38 

RCTs, AELIX-002 and AELIX-003, evaluated the HTI immunogen-based vaccines alone or 39 

combined with the TLR7 agonist vesatolimod in early-treated people with HIV (etPWH). 40 

These studies individually demonstrated that higher levels of vaccine-induced HTI-specific T-41 

cell responses were associated with extended time off antiretroviral therapy (ART) during a 24-42 

week ATI.  43 

Methods 44 

We conducted a pooled analysis of both RCTs including the individual data of a total of 88 45 

participants. The association between clinical, immunogenicity and viral data and rebound 46 

outcomes during the ATI was evaluated using logistic regression and receiver operating 47 

characteristic (ROC) analyses. 48 

Results 49 

We identify an HTI-specific threshold of 835 spot-forming cells/106 peripheral blood 50 

mononuclear cells as a predictor of delayed and slower viral rebound during ATI. This threshold 51 

distinguishes participants who remain off ART for >12 weeks, with 58% sensitivity, 85% 52 

specificity, 75% positive and 73% negative predictive value.  53 

Conclusions 54 

These findings confirm that HTI-specific T-cell magnitude at ATI initiation is the strongest 55 

predictor of ATI outcomes observed in AELIX002/003 studies and that a threshold of vaccine-56 

induced HTI-specific T-cell responses can be used as futility criteria before ATI and/or guide 57 
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participant selection in future HTI-based HIV cure trials aimed at achieving therapy-free 58 

remission.  59 

 60 

Plain Language Summary 61 

People with HIV have a weakened immune system and so cannot respond well to other 62 

infections.  Current treatment usually requires people to take antiretroviral therapy (ART) for 63 

life.  Vaccination could potentially help the body’s immune system control the virus without 64 

daily treatment. To test how well vaccinations work, people  with HIV were asked stop taking 65 

ART. In this study, we combined the results from two clinical trials that tested different 66 

combinations of HIV vaccines that were given alone or with another drug that stimulated the 67 

immune system. We found that participants who developed higher levels of immune 68 

responses to the vaccines were more likely to keep the virus under control for longer periods 69 

of time after stopping ART. Importantly, we found an amount of vaccine response that could 70 

predict which participants could remain withoutART for at least 12 weeks. This information 71 

could be useful in future HIV treatment studies to recommend which study participants can or 72 

cannot stop ART, which is helpful to reduce the risks associated to ART interruption. 73 

  74 
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Introduction 75 

Over the past decade, interest has grown in developing immune strategies to induce durable 76 

HIV-1 control without antiretroviral therapy (ART). However, no validated biomarkers 77 

currently predict virological control after ART cessation, leaving analytical treatment 78 

interruptions (ATI) and inclusion of placebo groups as the only reliable tools to assess the 79 

efficacy of therapeutic interventions1,2. Published guidelines describe safe conduct of ATI in 80 

clinical trials, ensuring that participants can re-suppress HIV-1 plasma viral load (pVL) upon 81 

resuming ART with no/minimal increases in viral diversity or reservoir size3-5. Nonetheless, 82 

ATI poses concerns for participants and their sexual partners due to potential risk of 83 

transmitting HIV6-8. Additionally, including placebo groups in clinical trials is debatable, as it 84 

significantly increases trial costs and complexity, and impacts participant acceptability. 85 

Although recently published data could serve as a reference to refine sample size calculations 86 

and minimize the number of participants undergoing ATI in future HIV remission trials, the 87 

identification of a biomarker capable of predicting viral outcomes would help avoid 88 

unnecessary ATI in cases with a low likelihood of success. 89 

AELIX-002 (NCT03204617) and AELIX-003 (NCT04364035) were independent, 90 

randomized, placebo-controlled clinical trials primarily designed to assess the safety of 91 

HIVACAT T-cell immunogen (HTI)-based vaccines either alone or combined with the Toll-like 92 

receptor-7 (TLR7) agonist vesatolimod in early-treated people with HIV. The main objectives 93 

on safety, immunogenicity and efficacy of both studies have been published previously 9,10. 94 

Secondary objectives included evaluating T-cell immunogenicity and viral rebound during a 95 

24-week ATI. Both trials demonstrated the induction of strong, broad and HTI-focused T-cell 96 

responses associated with ATI outcomes, but limited sample sizes precluded establishing a 97 

predictive cutoff of the HTI-specific T-cell magnitude for extended ART-free periods. 98 

Therefore, we conducted a post-hoc pooled analysis of AELIX-002 and AELIX-003 to identify 99 
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predictors of ATI outcomes. In this analysis, we identify an immune correlate that, with 100 

adequate specificity and sensitivity, predict several virological outcomes during ATI and that 101 

may help discern which individuals are more likely to remain off therapy for longer periods in 102 

future clinical trials. 103 

 104 

Methods  105 

Data source  106 

This analysis included individual data from participants in the AELIX-002 (NCT03204617) 107 

and AELIX-003 (NCT04364035) clinical trials who underwent an ATI. Study populations 108 

consisted of individuals who initiated ART within 6 months of the estimated HIV-1 acquisition 109 

date and maintained an undetectable viral load while on ART. Participants in AELIX-002 110 

received a combination of DNA.HTI, MVA.HTI and ChAdOx1.HTI vaccines, while those in 111 

AELIX-003 received ChAdOx1.HTI and MVA.HTI in conjunction with the TLR7 agonist 112 

vesatolimod, or matched placebo (Supplementary Fig. 1). Both trials included a 24-week ATI 113 

with weekly monitoring of pVL, starting at 8 and 12 weeks of the last MVA.HTI boost in 114 

AELIX-002 and AELIX-003, respectively. ATIs in both trials used identical ART resumption 115 

criteria, including a single HIV-1 pVL ≥100,000 copies/ml, 8 consecutive weeks with >10,000 116 

copies/ml, two consecutive CD4+ T-cell counts <350 cells/mm³ and/or a reported grade ≥3 117 

acute retroviral syndrome. Demographic and clinical characteristics were recorded at study 118 

entry. HIV-1 reservoir and immunogenicity parameters were measured at inclusion and at ATI 119 

start, before ART was interrupted. Total and intact proviral (IPDA) HIV-1 DNA copies in CD4+ 120 

T cells were quantified in extracts of lysed CD4+ T cells using digital droplet PCR processed 121 

at Accelevir Diagnostics. Total HTI and HIV-1-specific T cells were assessed ex vivo using 122 

isolated PBMCs with an IFN-γ-detecting enzyme-linked immunoabsorbent spot assay 123 

(ELISpot IFN-γ Mabtech kit), as previously described9. Briefly, 15-mer peptides overlapping 124 
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by 11 amino acids were combined into 10 peptide pools (7–22 peptides per pool) spanning 125 

different HIV-1 proteins/sub-proteins the HTI vaccine insert (P1–P10) and eight pools of 62–126 

105 peptides per pool spanning the rest of the HIV-1 viral protein sequences (OUT P1–P8). 127 

Magnitude of the HTI-specific T-cell response was defined as the sum of SFCs per 106 PBMCs 128 

for HTI pools (P1–P10). The breadth of the total HTI-specific T-cell response was defined as 129 

the number of reactive peptide pools out of the 10 HTIs covering peptides pools used in the 130 

ELISpot assay.  131 

AELIX-002 and AELIX-003 were conducted in compliance with the ethical principles of 132 

the Declaration of Helsinki, ICH harmonized tripartite guideline E6(R2). Both studies were 133 

approved by the Ethics Committee of Hospital Universitari Germans Trias i Pujol, Badalona, 134 

Spain (IRB00002131) and the Spanish regulatory (AEMPS) agency. Written informed consent 135 

in compliance with regulatory authority regulations was obtained from all participants. 136 

Detailed descriptions of the AELIX-002 and AELIX-003 trials can be found elsewhere9,10. 137 

Statistics and reproducibility 138 

No power calculation was conducted for this analysis, as the sample size included individual 139 

data from all participants who entered an ATI in AELIX-002 and AELIX-003. Time to viral 140 

load rebound was calculated from the ATI start date to the date of first occurrence of at least 141 

two consecutive determinations of pVL ≥50 copies/ml. Time off ART was calculated from the 142 

ATI start date to the date of ART resumption. The time to event was derived using the calendar 143 

date of the event minus the ATI start date +1 and then transformed to weeks. The Kaplan–144 

Meier estimator was used to describe the time to ART resumption, and survival functions were 145 

compared using the Gehan–Breslow–Wilcoxon test. Differences in medians between groups 146 

were compared using the Mann–Whitney and Fisher tests, when corresponding. Spearman’s ρ 147 

and Benjamini–Hochberg were used for correlations unadjusted or adjusted for multiple 148 

comparisons, respectively. All tests were two-sided,  with 5% error rate. To identify individual 149 
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characteristics that could influence the binary outcome of time off ART ≥12 weeks versus <12 150 

weeks, post-hoc univariate logistic regression models were used. Covariates with a p-value 151 

<0.25 in the univariate analysis were selected for inclusion in the multivariate logistic models 152 

following an assessment for multicollinearity and excluding covariates that were highly 153 

correlated among them. A backward stepwise regression approach was then used to retain only 154 

the statistically significant covariates. Subsequently, to estimate the discriminatory 155 

performance of variables associated with time off ART >12 weeks in the multivariate analysis, 156 

a ROC curve analysis was performed, and 95% CI was computed with 2,000 stratified 157 

bootstrap replicates. Analyses were performed by using R project 4.2.2 (https://www.r-158 

project.org/) and GraphPad Prism version 10.4.1 for Windows (GraphPad Software, 159 

https://www.graphpad.com).  160 

 161 

Results 162 

Study population 163 

Data from 88 virologically suppressed individuals (recipients: vaccine, 55 men, 1 woman; 164 

placebo, 32 men) who underwent ATI in AELIX-002/003 trials (Supplementary Fig. 1a-b) 165 

were pooled. Both study populations had comparable demographic and clinical characteristics 166 

(Supplementary Table 1). Levels of intact (but not total) HIV-1 DNA at ATI start were 167 

numerically lower in AELIX-002 versus AELIX-003, possibly due to greater use of INSTI-168 

based ART as first-line therapy11. As described9,10, HTI vaccination elicited high HTI-specific 169 

T-cell frequencies but did not impact HIV proviral DNA. 170 

ATI outcomes 171 

During ATI, pVL was monitored weekly and ART resumed9,10 after a single HIV-1 pVL 172 

≥100,000 copies/ml, eight consecutive pVL ≥10,000 copies/ml and/or two consecutive CD4 173 

counts <350 cells/mm3. All participants experienced HIV-1 rebound (pVL >50 copies/ml) after 174 
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ART discontinuation, with comparable kinetics across studies (Supplementary Fig. 1c-d). 175 

Overall, 28% (25/88) participants remained off ART for 24 weeks. 176 

Correlates analysis 177 

Clinical characteristics, viral reservoir, and immune parameters at study entry and ATI start 178 

were assessed for associations with ATI outcomes, both overall and in the active and placebo 179 

groups separately (Fig. 1). Lower pre-ART viremia and longer time on ART were associated 180 

with delayed viral rebound, longer time off ART and lower HIV-1 pVL at end of ATI. Similarly, 181 

lower levels of total and intact HIV-1 proviral DNA both at study entry and at ATI start 182 

correlated with slower virus recrudescence (time to pVL >10,000 copies/ml), extended time 183 

off ART and lower pVL at end of ATI. Notably, higher magnitude and breadth of HTI-specific 184 

T-cell responses at ATI start were significantly associated with all ATI outcomes in vaccine 185 

recipients, including delayed viral rebound, slower recrudescence and prolonged time off ART 186 

(P<0.05 for all, Supplementary Table 2). Of note, after adjusting for multiple testing 187 

comparison, HTI magnitude at ATI start was the variable more consistently associated with 188 

better ATI outcomes (Fig. 1).  189 

Given the binary distribution of time off ART (≤12 or >12 weeks, one of the pre-specified 190 

secondary endpoints in both AELIX-002/003 trials), logistic regression analysis was used to 191 

define predictors of remaining off ART for >12 weeks (n=36) versus ≤12 weeks (n=52). After 192 

assessing multicollinearity and excluding covariates that were highly correlated among them, 193 

covariates with P<0.25 in the univariate models were selected for multivariate analysis 194 

(Supplementary Table 3). Higher magnitude of HTI-specific T cells and lower total proviral 195 

HIV-1 DNA at ATI initiation were independently associated with remaining off ART >12 196 

weeks, with odds ratios (95% CI) of 1.13 (1.05-1.23) for each 100 HTI-specific spot-forming 197 

cells (SFCs)/106 peripheral blood mononuclear cells (PBMCs) increase, and 0.79 (0.62-0.95) 198 
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for each 100-copy increase in total HIV-1 DNA/106 CD4 T cells, respectively (Supplementary 199 

Table 4).  200 

To test whether HIV-1 proviral DNA levels and HTI immunogenicity at ATI start predicted 201 

time off ART >12 weeks, we conducted receiver operating characteristic (ROC) curve analyses. 202 

Total HIV-1 DNA had limited predictive value (AUC [95% CI] 0.61 [0.49-0.74]) (Fig.2a), 203 

compared to HTI magnitude ≥835 SFCs/106 PBMCs, which showed a moderate predictive 204 

performance to distinguish participants remaining off ART >12 weeks (AUC [95% CI] 0.68 205 

[0.55-0.81]) (Fig.2b). This cutoff value, which corresponded to the median of the observed 206 

HTI magnitude across active arms, demonstrated 58% sensitivity, 85% specificity, 75% 207 

positive predictive value (PPV) and 73% negative predictive value (NPV) for the entire cohort 208 

of participants. Considering vaccinees only, the sensitivity of this threshold increased to 83%, 209 

specificity to 76%, and PPV and NPV to 73% and 85%, respectively. Vaccine recipients with 210 

HTI-specific magnitude at ATI start ≥835 SFCs/106 PBMCs had significantly delayed and 211 

slower viral rebound and longer time off ART versus those below this threshold (Fig.2c), whose 212 

ATI outcomes were comparable to placebo recipients (Gehan-Breslow-Wilcoxon test, 213 

P=0.0077, P=0.0012 and P=0.0014, respectively, Fig.2d-f). Median (IQR) time off ART was 214 

23.9 (6.7-24.1) weeks for vaccine recipients with HTI magnitude ≥835 SFCs/106 PBMCs at 215 

ATI start, versus 6.3 (2.3-9.6) weeks for vaccinees with HTI magnitude <835 SFCs/106 PBMCs 216 

and 9.7 (6.1-22.1) weeks for placebo recipients, only 6% of whom had HTI magnitude ≥835 217 

SFCs/106 PBMCs at ATI start. 218 

Discussion 219 

 220 

HIV remission trials face challenges, particularly regarding ATI and inclusion of placebo 221 

arms. Identification of correlates of ATI viral control is urgently needed as such biomarkers 222 

could help prioritize promising combination strategies, accelerate HIV cure research and 223 
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mitigate risks of failure at later stages of development. Additionally, these biomarkers could be 224 

incorporated into trial designs as futility criteria preceding the ATI, preventing unnecessary 225 

ATI-related risks for individuals unlikely to control viral rebound below ART restart criteria. 226 

However, small sample sizes, variability in trial populations and ATI designs, and limited 227 

efficacy signals have hindered biomarker identification. Here, we pooled individual data from 228 

two independent trials testing HTI vaccines in comparable populations using the same ATI 229 

design, and in which a modest efficacy signal provided the basis for biomarker discovery. 230 

Therefore, the key added value of this pooled analysis lies in the increased sample size, which 231 

allows for the identification of a potential cutoff of HTI-specific T cell responses that could 232 

predict extended time off ART during ATI and that could be used to inform the design of future 233 

HIV remission studies.  234 

While HTI vaccines induced strong cytotoxic T-cell responses that contribute to viral 235 

control, they did not reduce the HIV reservoir or prevent viral rebound. Thus, combining them 236 

with immunomodulators, B-cell vaccines, and/or broadly neutralizing antibodies remains an 237 

important area of investigation. Regardless of regimen, reliable biomarkers predicting ATI 238 

outcomes will be key for future studies.  239 

Our findings suggest HTI-specific T-cell magnitude at ATI initiation, measured in 240 

cryopreserved PBMCs using an IFN-γ ELISpot assay, is the strongest predictor of ATI 241 

outcomes observed in AELIX002/003 studies. A threshold of 835 HTI-specific SFCs/10⁶ 242 

PBMCs predicted extended ART-free time (>12 weeks) with acceptable accuracy. Notably, 243 

vaccinees with low HTI responses exhibited similar viral dynamics to placebo recipients, of 244 

whom only rare exceptions exceeded the HTI magnitude threshold. According to our results 245 

approximately 3 out of 4 individuals predicted to remain off ART >12 weeks would do so, 246 

while the same proportion of those predicted to resume ART <12 weeks actually did. We 247 

acknowledge that the PPV and NPV may reflect just a moderate predictive performance. 248 
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However, in the context of ATI in HIV-remission trials, these values are potentially meaningful 249 

to guide the design of future ATI trials by minimizing the number of participants interrupting 250 

ART that are unlikely to reach any certain degree of post-intervention control beyond 12 weeks 251 

of ATI. However, further refinement and external validation with data from future studies are 252 

warranted. Noteworthy, the 835 SFC/106 cut-off was also statistically associated with delayed 253 

viral rebound. Nonetheless, the absolute difference in time to 1st detectable pVL during the ATI 254 

was minimal between participants above or below the threshold, questioning its clinical value 255 

for implementation in ART-remission trial design. 256 

We also found that lower levels of total HIV-1 DNA correlated with most ATI outcomes; 257 

however, since the 95% of the CI of the AUC in the ROC analysis included 0.5, we were not 258 

able to exclude the possibility that its predictive performance was no better than chance, 259 

precluding us to establish a reliable cutoff value for total HIV-1 DNA to predict extended time 260 

off ART. While the relationship between proviral DNA and clinical endpoints has been 261 

inconsistent across studies12-14, in a recent pooled analysis of individual data from six 262 

interventional trials including an ATI, total HIV-1 DNA levels correlated with time to detectable 263 

viremia (pVL >50 copies/ml) and time to loss of viral control (pVL >5,000 copies/ml) during 264 

ATI15. However, proviral DNA determination requires digital droplet PCR-based 265 

measurements, specialized laboratories and lengthy analysis, limiting its applicability as a 266 

futility marker during trial execution.  267 

Our findings have implications for the design of future combination studies using HTI-268 

based immunotherapies. For instance, the threshold of the HTI magnitude could be applied as 269 

a futility criterion before entering the ATI, while keeping the blinded nature of the study. 270 

Alternatively, in the case that the study design would recommend to unblind participants before 271 

the ATI start to prevent placebo recipients to undergo ATI or because of a cross-over design16 272 

the immune correlate could be useful for vaccine recipients as could help to predict participants 273 
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unlikely to control with higher accuracy. Therefore, using HTI magnitude as an ATI initiation 274 

criterion could reserve ATI for participants more likely to achieve viral control, and their 275 

rebound dynamics could be compared with available data from nonintervention cohorts17. 276 

Moreover, while placebo groups remain valuable for safety and immunogenicity assessments, 277 

avoiding unnecessary ATI in placebo recipients and vaccinees unlikely to control viremia 278 

would enhance trial acceptability and address several ethical, logistical and economic 279 

challenges in current HIV remission research18. This approach aligns with a recent report that 280 

used machine learning and mathematical modeling to propose decision rules within the first 281 

weeks of ATI to identify predictive biomarkers for ATI post-treatment control and recommend 282 

earlier ART resumption in those less likely to control19. 283 

Several considerations should be noted when interpreting our results. First, the AELIX-284 

002/003 populations were restricted to early-treated people with HIV, with lack of 285 

representation of cis-gender and transgender women, potentially limiting generalizability to 286 

individuals starting ART during later stages of HIV and more diverse populations. In these 287 

cases, HTI-induced responses might differ, and larger and more escaped reservoirs could 288 

impact viral control upon ART interruption. Second, our findings are specific to the HTI 289 

vaccines studied here and may not be generalizable to other therapeutic T-cell vaccines 290 

Therefore, further research is necessary to validate our results for other vaccine candidates 291 

including or not HTI-regions in their immunogen constructs. Finally, we used logistic 292 

regression models and ROC analysis to identify predictors of time off ART >12 weeks. 293 

Although this timepoint might be seem arbitrary, it reflects the observed distribution of time 294 

off ART in our studies, using consensus ART resumption criteria, and is also supported by the 295 

most recent meta-analysis on pVL rebound kinetics15. This meta-analysis confirmed that 296 

sustained control of pVL <50 copies/ml beyond 12 weeks is rare, and that most individuals 297 

have already achieved a post-ATI pVL setpoint by this timepoint. In conclusion, this pooled 298 
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analysis of AELIX trials identified a cutoff value for the frequency of HTI-specific T cells at 299 

ATI initiation that predicts prolonged time off ART. These findings may directly contribute to 300 

optimizing the design of future studies testing HTI-based combination strategies aimed at 301 

achieving durable ART-free HIV control.  302 

Reporting summary Further information on research design is available in the Nature 303 

Portfolio. 304 

Data availability 305 

The numerical source data underlying Figure 1 is provided in Supplementary Table 2. Gilead 306 
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a statistician. Approval of such requests is dependent on the nature of the request, the merit of 311 

the research proposed, the availability of the data and the intended use of the data. The data 312 

will be available for 1 year from the signing of Gilead’s Data Sharing Agreement contract with 313 

an option of 3-month extensions at the deadline if further time is needed for research. Data 314 

requests should be sent to datarequest@gilead.com, and requestors can expect a response 315 

within 3 business days. For further information regarding Gilead’s Data Sharing Policy, please 316 

visit GileadClinicalTrials.com. 317 

Code availability 318 
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proposed, the availability of the data and the intended use of the data. The code will be available 323 

for 1 year from the signing of Gilead’s Data Sharing Agreement contract with an option of 3-324 

month extensions at the deadline if further time is needed for research. Code requests should 325 

be sent to datarequest@gilead.com, and requestors can expect a response within 3 business 326 

days. For further information regarding Gilead’s Data Sharing Policy, please visit 327 

GileadClinicalTrials.com. 328 
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Figure Legends  430 

Figure 1 | Clinical, virological and immunological correlates of ATI outcomes. 431 

Correlogram for active, placebo and pooled data for all AELIX-002 and AELIX-003 432 

participants. Spearman’s ρ is used for correlations. Tests are two-sided, unadjusted for multiple 433 

comparisons, with 5% error rate. Exact ρ and p-values can be found in Supplementary Table 434 

2. Asterisks denote significant correlations when P<0.05, in red those remaining significant 435 

when adjusted for multiple comparisons by Benjamini–Hochberg test. The numerical source 436 

data underlying Figure 1 is provided in Supplementary Table 2 437 

Figure 2 | HIV-1 reservoir and immunogenicity threshold. ROC curves for (a) total proviral 438 

HIV-1 DNA at ATI start and (b) magnitude of HTI-specific T-cell response at ATI start. AUC 439 

(95% CI) and best predictor (specificity, sensitivity) are shown. (c) Median pVL during ATI, 440 

(d) time to pVL >50, (e) >10,000 copies/ml and (f) time off ART in vaccine recipients with 441 

HTI magnitude above (high HTI) or below (low HTI) 835 SFCs/106 PBMCs at ATI start, and 442 

for placebo recipients. Gehan-Breslow-Wilcoxon test is used. Tests are two-sided, unadjusted 443 

for multiple comparisons, with 5% error rate. 444 

 445 

 446 

 447 

 448 

Editorial summary: 449 

Bailón, Alarcón-Soto et al. perform a pooled analysis of individual data from two randomized clinical 450 

trials evaluating HTI-based therapeutic HIV vaccines with or without a TLR7 agonist in early-treated 451 

people with HIV. They identify an vaccine-immune response threshold that predicts virological 452 

outcomes after treatment interruption. 453 
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