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Highlights: 

 No randomized comparisons exist of DTG and DRV/b for PWH with advanced HIV.  

 This is the first emulation trial comparing DTG vs DRV/b in advanced ART-naïve PWH. 

 DTG had a 50% lower risk of experiencing a composite endpoint than DRV/b. 

 Risks of the composite endpoint by 2 years for DTG were 21.1% 

 A lower risk of treatment failure for DTG vs DRV/b was demonstrated. 
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Abstract  

Background 

No randomized comparisons exist between dolutegravir (DTG) and boosted-darunavir (DRV/b) for 

people initiating treatment with advanced HIV.  

Methods 
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ART-naïve people with HIV (PWH) with CD4 <200 cells/mm3 or AIDS who started a first-line three-

drug regimen with DTG or DRV/b were included. The primary outcome was a composite endpoint 

of newly diagnosed AIDS, serious non-AIDS events (SNAE), death, virological failure (VF) or 

discontinuation of the anchor drug due to failure or toxicity.  A marginal structural Cox regression 

model was used to estimate the effect of starting DTG vs DRV/b-based regimens.   

Results 

A total of 1,323 advanced ART-naïve PWH were included, 895 starting DTG and 428 DRV/b. The 

unweighted risks of the composite endpoint by 48 months were 21.1% (95% CI: 18.1;24.1%) for 

DTG versus 37.9% (95% CI: 32.7;43.2%) for DRV/b (p<0.001). First-line treatment with DTG showed 

a lower risk of experiencing the composite endpoint than DRV/b (wHR of DTG vs DRV/b 0.47, 95% 

CI: 0.35;0.64, p<0.001).  

Conclusion 

Under the stated assumptions, this analysis indicates that in ART-naïve PWH with advanced 

disease, ART initiation with DTG vs. DRV/b-based regimens leads to a 50% reduction in the risk of 

AIDS/SNAE/death/VF/discontinuation. This observed difference is partly explained by 

discontinuation of the anchor drug.  

 

 

Keywords 

ART-naïve; Integrase inhibitors; Antiretroviral therapy; AIDS; trial emulation. 

 

Preliminary results were presented by Dr. Antinori A. et al. “Emulation of an RCT of Dolutegravir vs 

boosted-Darunavir in advanced ART-naïve” at Conference on Retrovirus and Opportunistic 

Infections (CROI), March 8-11, 2020, and at Glasgow HIV conference, November 2024. 
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Introduction 

The efficacy of antiretroviral therapy (ART) has consistently improved over the years. This is mainly 

due to newer drugs with greater antiviral potency and enhanced tolerability, resulting in higher 

rates of viral suppression and improved ART adherence.  

Second-generation integrase inhibitors (INSTIs) currently represent the most highly recommended 

option for first-line ART, according to the DHHS and EACS HIV Guidelines (1,2). Three-drug 

regimens with boosted protease inhibitors (PI) (with darunavir, DRV, being the preferred PI) are 

recommended as initial regimens in specific clinical situations, according to the DHHS Guidelines 

and as alternative regimens in the EACS Guidelines (1,2) . 

Moreover, current guidelines recommend a rapid initiation of ART for all people with HIV (PWH), 

irrespective of their disease stage, with few exceptions (1,2).  

Nevertheless, evidence to guide the choice of antiretroviral regimens for treating advanced HIV 

disease remains lacking.  Indeed, PWH who present with advanced disease at HIV diagnosis 

(defined as CD4 cell count below 200 cells/mm3 or with an AIDS-defining condition) are typically 

underrepresented or excluded from randomized controlled trials (RCTs) (3–6).  

In the Flamingo study, dolutegravir (DTG)-based three-drug regimens were shown to be superior 

to darunavir-based three-drug regimens, but only 10% of enrolled PWH had CD4 < 200 cells/mm3 

and 3% had AIDS at diagnosis, such that a post-hoc analysis in participants with advanced disease 

could not be performed (4).  
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Moreover, there are two RCTs performed mainly in low-income settings that included about one-

third of PWH with CD4 below 200 cells/mm3, but they compared dolutegravir with efavirenz and 

darunavir with lopinavir, respectively (7,8).  

Thus, the superiority of second-generation INSTIs-based to boosted-PI regimens in the specific 

target population of people with advanced HIV disease has never been demonstrated in a direct 

randomized comparison. An independent RCT comparing bictegravir/emtricitabine/tenofovir 

alafenamide (BIC/FTC/TAF) to darunavir/cobicistat/emtricitabine/tenofovir alafenamide 

(DRV/c/FTC/TAF) in people with advanced HIV disease is currently ongoing (9). 

In observational data, the proportion of PWH who present with advanced HIV infection or with 

late presentation (defined as CD4 cell count below 350 cells/mm3 or with an AIDS-defining 

condition) remains high across Europe (10).  

For example, 64% of PHW diagnosed in 2009-2022 in Italy were late presenters, and 27% had AIDS 

at presentation to care (11). Late or advanced HIV diagnosis is an important public health concern 

as it is associated with a higher risk of virological failure, poor immunological recovery, disease 

progression and death (11–13).           

Furthermore, observational studies provided conflicting results. Some studies conducted in Europe 

comparing INSTI to PI regimens in naïve PWH with CD4 below 200 cells/mm3 or AIDS failed to 

reveal differences in terms of treatment discontinuation or virological failure (14,15). 

In contrast, other studies showed better outcomes with INSTI (mostly dolutegravir) than PI 

regimens (16,17). 

These results were corroborated in a RCT focusing on naïve PWH with CD4 below 100 cells/mm3, 

although sample size was small (18).  

Dolutegravir has been shown to be superior in terms of virological suppression and durability to 

older drugs, such as efavirenz, in symptomatic PWH with AIDS in a previous observational study 
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(19). Further, boosted darunavir and dolutegravir have shown great antiviral potency and high 

genetic barrier and are suitable to be initiated before obtaining genotypic testing results.  

However, all previous observational analyses, apart from the one by Mounzer et al. (20) evaluated 

the response to first-line ART strategies using traditional statistical techniques, which compared 

PWH as they were treated in the natural course. Here we aimed to perform an analysis that 

emulates a trial comparing DRV-based vs. DTG-based regimens in the setting of ART-naïve PWH 

with advanced HIV disease.     

  

Material and methods 

Study population and definitions 

This work includes PWH seen for care in Italy and enrolled in the ICONA Foundation Study cohort. 

ICONA Foundation Study is an Italian prospective observational cohort of PWH, including adult 

subjects infected with HIV-1 who are ART-naïve at the time of enrollment. All participating centers’ 

Institutional Review Boards approved the ICONA Foundation Study. Each PWH signed a consent 

form to comply with the ethical standards of the committee on human experimentation and the 

Helsinki Declaration (last amendment October 2013).  

The ongoing Laptop RCT (9), which compares BIC/FTC/TAF to DRV/c/FTC/TAF in people with 

advanced HIV disease, was the target trial that we wished to emulate, with some differences as 

specified in Supplementary information on target trial and definitions.   

We first identified the target population for this trial emulation. Specifically, we included all PWH 

enrolled in the ICONA cohort who were naïve to ART, at least 18 years of age, with advanced HIV 

disease (defined as a CD4 count ≤200 cells/mm3 or with an AIDS- defining event at HIV diagnosis 

(21)) at presentation and started a dolutegravir or boosted-darunavir (with ritonavir or cobicistat) 

-based three-drug regimen over the period 2014-2023. We excluded: i) PWH diagnosed with 
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cancers, tuberculosis and other mycobacterial infection before ART initiation, because the 

potential drug-drug interactions that could have prevented the prescription of the ART strategies; 

ii) PWH diagnosed with cryptococcosis before ART initiation, in whom generally ART initiation is 

deferred; iii) PWH who started DTG or DRV/b bis in die (Supplementary information on target trial 

and definitions). 

Baseline was defined as the date of ART initiation. 

The dataset used for this analysis was last updated on July 31, 2024. 

 

Study outcomes 

The primary outcome of the study was a composite endpoint defined as the time to newly 

developing AIDS, serious non-AIDS events (SNAE, as defined in Supplementary information on 

target trial and definitions), death, virological failure (VF) or treatment discontinuation of the 

anchor drug (DRV/b or DTG) due to failure, intolerance or toxicity, whichever occurred first. 

Treatment discontinuations due to ART simplification and any modifications of the nucleoside 

reverse transcriptase inhibitor (NRTI) backbone did not count as events. Virological failure was 

defined as a confirmed HIV-RNA >200 copies/mL after at least six months from the ART initiation. 

The choice of 200 copies/mL as threshold was derived from DHHS definitions of virological failure 

and virological rebound (1). 

We also evaluated clinical secondary outcomes which were subsets of the primary outcome and 

defined as follows: i) time to newly development of AIDS or death, whichever occurred first; ii) 

time to newly development of SNAE or death, whichever occurred first; iii) treatment failure 

defined as the time to virological failure or treatment discontinuation of the anchor drug due to 

failure, intolerance or toxicity, whichever occurred first. We also evaluated another secondary 
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outcome of time to CD4 count recovery >200 cells/mm3. A cause-specific hazard analysis with 

censoring weights was performed for these secondary analyses.  

 

Statistical analysis 

Our analysis aimed to emulate the setting of a randomized controlled trial, where participants 

were randomly assigned to either initiate DTG-based or the DRV/b-based triple regimens in first-

line ART through adjustment for time-fixed baseline confounders. Each participant was followed 

up from the date of ART initiation (baseline) until the earliest date of first occurrence of the 

composite outcome, date of last clinical visit (maximum date between that of HIV-RNA, clinical 

visit or administrative censoring on July 31, 2024). Of note, in this setting, because of the recent 

calendar year of ART initiation (>2013) and the characteristics of the target population (advanced 

HIV disease), study entry for individuals and time zero for the survival analysis coincide. We 

estimated the observational equivalent of the intention-to-treat effect of initiating one or the 

other trial strategy, regardless of ART treatment changes over time. We controlled for baseline 

confounding and differential loss to follow-up by constructing inverse probabilities of treatment 

and censoring weights, respectively.  Treatment weights were derived by means of a logistic 

regression model with a linear predictor which included the following factors: age, gender, mode 

of HIV transmission, nationality, calendar year of starting ART, AIDS/SNAE at baseline, time from 

HIV diagnosis, NRTI-pair, CD4 count and HIV-RNA as time-fixed factors measured at baseline. 

Another model applying the “disjunctive cause” criterion for selection of confounding (22) was 

also explored, including also hepatitis co-infection in the adjustment set. All continuous variables 

have been modelled with a single parameter (linear assumption, this applied also to age for 

example) except for time which was modelled using cubic splines. This same model with the 

addition of time-updated CD4 count and HIV-RNA (modelled as linear) and time (modelled using 
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restricted cubic splines) was used to derive the censoring weights. The two sets of weights were 

then multiplied and applied to the Cox proportional hazard model (which was approximated by 

means of a pooled logistic regression model) for the composite outcome for initiating a DTG- vs 

DRV-based regimen (23).  

We performed a number of visual checks for the model assumptions by means of boxplots of the 

stabilized weights, propensity score overlaps plots (Supplementary Figure 1) and standardized 

mean difference plots (Figure 1). Standardized mean differences for each identified potential 

confounding factor were calculated as the weighted mean (or proportion) difference between 

groups divided by the weighted pooled standard deviation. We also estimated the risk difference 

by means of double robust estimation with augmented inverse probability weighting (AIPW). 

Furthermore, we also included unweighted and weighted Kaplan-Meier plots comparing the 

cumulative probability of developing the outcomes over time.   

Because the frequency of use of the two strategies has varied over time (DTG more frequent in 

recent years), calendar year of ART initiation was a key potential confounder in this analysis and 

also a potential effect-measure modifier. Because of this, besides providing an overall estimate of 

the causal effect of the intervention we also presented the results after stratification for year of 

ART initiation fitting separate models for participants who started ART over 2014-2018 vs. 2019-

2023.  

Finally, we performed two sensitivity analyses: i) after restricting the comparison to only regimens 

that included TAF/FTC or tenofovir disoproxil (TDF)/FTC as NRTI; ii) after restricting the 

comparison to only single tablet regimen (STR). We used the conventional level of 5% for the type 

I error and 2-sided tests. We also performed a basic sensitivity analysis for unmeasured 

confounding by calculating the e-value(24). Further information on the investigations of the 

secondary outcomes is in Supplementary information on target trial and definitions. 
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Baseline characteristics of participants according to ART regimen started as of the natural course 

in were compared by means of chi-square test for categorical variables or Wilcoxon rank-sum 

(Mann-Whitney) test for continuous variables. Statistical analyses were performed using SAS 

(version 9.4, SAS Institute, Cary, NC, USA).  

 

Results 

Study population 

We included a total of 1,323 advanced ART-naïve PWH, of whom 895 (67.6%) started a DTG-based 

regimen and 428 (32.3%) a boosted DRV-based regimen.  

In the natural course, DTG-based regimens were STR with abacavir/lamivudine (ABC/3TC) in 21.7% 

(194 out of 895). In the other cases, DTG was prescribed as a multiple tablet regimen with abacavir 

plus lamivudine in 5.5% (49 out of 895), with TAF/FTC in 32.7% (293 out of 895) and with TDF/FTC 

in 40.1% (359 out of 895) of cases. Boosted DRV-based regimens were given as STR 

(DRV/c/TAF/FTC) in 31.5% (135 out of 428), as multiple tablet regimen with TAF/FTC in 19.9% (85 

out of 428), with TDF/FTC in 43.5% (186 out of 428) and with ABC/3TC in 5.1% (22 out of 428) of 

cases. Overall, 21% (275 of 1,323) were females, median age was 45 years (interquartile range, 

IQR, 36-53), 32.7% (433 of 1,323) were AIDS presenting, their median nadir CD4+ cells count was 

70 cell/mm3 (IQR 26-131) (Table 1).  Before applying the weights, baseline characteristics 

appeared to be balanced between the two groups, with some differences in calendar year of 

baseline (more recent in DTG, p<0.001) and in use of the NRTI backbone (TAF was prescribed in 

32.7% of DTG-based regimens vs. 51.4% of DRV/b-based regimens; ABC in 27.2% of DTG-based 

regimens vs. 5.1% of DRV/b-based regimens, p<0.001). All potential confounding factors showed a 

standardised difference below 10% after weighting (shown as the negligeable difference region in 

grey in Figure 1). Similar distributions of the main demographic and viro-immunological 
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characteristics, regardless of calendar period of ART initiation (2014-2019 vs. 2019-2023), were 

observed (Supplementary Table 1 and 2).  

 

Primary outcome: newly developed AIDS/SNAE, death, virological failure or treatment 

discontinuation 

A total of 181 events concurring to the composite primary endpoint were observed with DTG-

based regimens: 52 (28.7% of the events) newly developed AIDS events, 46 (25.4%) deaths, 22 

(12.2%) newly developed SNAEs, 20 (11.1%) confirmed VFs >200 copies/mL, 41 (22.7%) treatment 

discontinuations of the anchor drug due to toxicity or failure. Among the 41 treatment 

discontinuations of DTG, 9 (21.9% of treatment discontinuation events) occurred for neurological 

adverse events. Furthermore, a total of 142 events were observed with DRV/b-based regimens: 35 

(24.7%) AIDS events, 16 (11.3%) deaths, 10 (7.0%) SNAEs, 16 (11.3%) VFs, 65 (45.8%) treatment 

discontinuations of the anchor drug (Supplementary table 5a). Median follow-up for the primary 

outcome was 32 months (IQR 8-63). 

The unweighted cumulative probabilities of developing the composite primary endpoint by 48 

months were 21.1% (95% CI: 18.1;24.1%) for DTG versus 37.9% (95% CI: 32.7;43.2%) for DRV/b 

(p<0.001, Figure 2A). This difference between the curves was confirmed after weighting, although 

absolute cumulative risk by 48 months was lower in both interventions: 18.4% (95% CI: 

14.3;22.7%) for DTG versus 35.0% (95% CI: 25.9;44.2%) for DRV/b (p=0.0008, Figure 2B). 

Overall, ART initiation with DTG showed a lower risk of experiencing the primary composite 

endpoint in the unadjusted analysis (hazard ratio, HR, 0.51 vs DRV/b, 95% CI: 0.41;0.64, p<0.001).  

Results were similar in the weighted marginal Cox regression model: (weighted HR, wHR, of DTG 

vs DRV/b 0.47, 95% CI: 0.35; 0.64, p<0.001, e-value=2.75, Supplementary Figure 3). Results were 

also similar after stratification for calendar period (2014-2018 and 2019-2023), with a wHR in the 
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most recent time window of 0.37 (95% CI: 0.24;0.59, p<0.001). Very similar results were obtained 

in the alternative weighted Cox regression model that included also hepatitis co-infections in the 

adjustment (Supplementary Table 3). 

The weighted risk difference for DTG vs DRV/b for the primary cumulative endpoint from fitting a 

doubly robust marginal model was -10.3% (95% CI: -16.6; -4.1) (p=0.001) (Supplementary Table 4). 

In terms of number needed to treat (NNT), this amounts to have to initiate ART in ten PWH with 

advanced disease with DTG instead of DRV/b to prevent one case of clinical or treatment failure.  

In the sensitivity analysis including only TAF/FTC or TDF/FTC as NRTI, a lower risk for the 

cumulative endpoint when comparing DTG- with DRV/b-based regimens was demonstrated (wHR 

of DTG vs DRV/b 0.47; 95% CI: 0.34;0.64, p<0.001). Finally, in the other sensitivity analysis 

including only STR, similar results were obtained (wHR of DTG vs DRV/b 0.40; 95% CI: 0.24;0.65, 

p<0.001) 

 

Secondary outcomes: clinical progression events and immunological recovery 

A total of 52 newly developed AIDS events and 46 deaths were observed with DTG-based 

regimens, while 35 newly developed AIDS events and 16 deaths were observed with DRV/b-based 

regimens, over a median follow-up of 46 months (IQR 12-70). Breakdown of the events, overall 

and stratified by regimen, for the secondary outcomes are shown in Supplementary Table 5b-e. 

The unweighted cumulative probabilities of developing new AIDS or death by 48 months were 

11.7% (95% CI: 9.4; 14.1%) for DTG versus 13.7% (95% CI: 10.0; 17.4%) for DRV/b (p=0.2410, Figure 

2C). These estimates were very similar after applying the weights: 10.0% (95% CI: 6.8; 13.1%) for 

DTG versus 13.5% (95% CI: 7.6; 19.4%) for DRV/b (p=0.2287, Figure 2D).  

The difference in risk of new AIDS or death by treatment strategy was still in favor of DTG but less 

compelling both in the unadjusted analysis (HR 0.74, 95% CI: 0.52, 1.06, p=0.1) and in the 

                  



 14 

weighted analysis (wHR 0.66, 95% CI: 0.41, 1.05, p=0.08). Similar results were obtained when 

considering only the most recent period (2019-2023): wHR for DTG of 0.50 (95% CI: 0.23; 1.08, vs. 

DRV/b, p=0.08). 

A total of 22 newly developed SNAE and 46 deaths were observed with DTG-based regimens, 

while 10 newly developed SNAE and 16 deaths were observed with DRV/b-based regimens, over a 

median follow-up of 49 months (IQR 16-71). 

No evidence for a difference by treatment initiation strategy was found for the second clinical 

progression outcome restricted to SNAE/death: the unweighted cumulative risk for this outcome 

by 48 months was 8.6% (95% CI: 6.5; 10.8%) for DTG versus 7.7% (95% CI: 4.5; 10.9%) for DRV/b 

(p=0.72) and similar after weighting, with 7.1% (95% CI: 4.1; 10.0%) for DTG versus 6.2% (95% CI: 

1.4; 10.9%) for DRV/b (p=0.96) (Supplementary Figure 2) and a wHR of 0.99 (95% CI:0.54-1.82, 

p=0.97), from fitting the pooled Cox regression model. Finally, 726 and 324 individuals had CD4+ 

cells recovery with DTG and DRV/b, respectively, over a median follow up of 4 months (IQR 1-12). 

No evidence for a difference for the DTG- vs DRV/b-based strategy in CD4+ cells recovery was 

detected in the unadjusted analysis (HR 1.07, 95% CI: 0.94, 1.22, p=0.322) and in the weighted 

analysis (wHR 1.06, 95% CI: 0.90, 1.25, p=0.488) (unweighted and weighted Kaplan-Meier curves in 

Supplementary Figure 2). 

 

Secondary outcome: treatment failure 

We finally compared the strategies for the last secondary outcome of treatment failure (only VF 

and discontinuations were counted as events). A total of 61 and 81 treatment failures were 

observed with DTG and DRV/b, respectively, over a median follow up of 39 months (IQR 12-67). 

 Overall, the risk of treatment failure was lower for the DTG- vs DRV/b-based strategy in the 

unadjusted analysis (HR 0.29, 95% CI: 0.21, 0.41, p<0.001) and in the weighted analysis (wHR 0.29, 
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95% CI: 0.19, 0.44, p<0.001) (unweighted and weighted Kaplan-Meier curves in Supplementary 

Figure 2). This result was confirmed even in the most recent calendar period, with a wHR for DTG 

vs. DRV/b of 0.24 (95% CI 0.13, 0.46, p<0.001). 

 

Discussion  

Our analysis aimed to emulate a clinical trial with treatment-related and clinical outcomes in the 

setting of PWH presenting with advanced HIV infection in recent years, almost all with CD4 below 

200 cells/mm3 and one-third of them with an AIDS event at presentation for care.  

Under the assumptions of our trial emulation (e.g., exchangeability of those treated with each 

regimen conditional on measured characteristics), ART initiation with DTG plus two NRTIs showed 

approximately a 50% reduction in risk of newly developing AIDS/SNAE, death, virological failure or 

treatment discontinuation due to toxicity/failure than starting ART with DRV/b plus two NRTIs.   

Our results were similar after restricting to recent calendar periods of ART initiation (2019-2023), 

to initiations with tenofovir-based backbones and with STR. We also found a difference in the risk 

of developing AIDS/death and in the risk of VF/discontinuation but not for the outcome of 

SNAE/death or for the immunological recovery one.  

These results suggest that, although the difference in risk for the primary endpoint appeared to be 

mainly explained by anchor drug discontinuation and virological failure, there is a residual effect 

that is likely due to a difference in risk of clinical progression to AIDS/death, albeit not directly 

supported by the results of the analysis of CD4 count recovery. We would have expected that 

some of the total effect of treatment on the risk of developing AIDS would go throughout 

immunological recovery. In contrast, our data show little evidence for a difference in CD4 count 

response by strategy, thus they seem to suggest either a direct effect of treatment or other 

indirect pathways. 
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When interpreting the results, it should be noted that changes in the anchor drug due to 

simplification were not counted as events and modifications of the NRTIs have been ignored. Also, 

virological failure was infrequent in our sample and therefore most treatment failures in our 

analysis were driven by discontinuations due to safety issues (toxicity/intolerance) related to DTG 

or DRV/b.  

Our data carry little evidence for a difference in the risk of developing SNAE by ART strategy, but 

consequences of ART for the risk of SNAE, such as cardiovascular disease and cancers, and their 

potential linkage to the amount of residual inflammation caused by specific antiretrovirals should 

be better explored with even longer studies. 

There are currently no published results for the comparison between DTG and DRV/b in RCT in the 

advanced HIV setting. Our study confirms a benefit of initiating DTG- instead DRV/b-based 

therapy, as shown by a RCTs including participants with any CD4 cell count (4) and by another 

small RCT (4,18). 

Other reports, although from observational studies conducted in Europe, documented a higher 

risk of treatment discontinuations with PI/b than with INSTI in the setting of advanced HIV 

(16,17,20), even though some of them reported only comparisons between drug classes, not 

individual drugs (16,17). Conversely, two other studies found no evidence for a difference in terms 

of risk of overall treatment discontinuation regardless of the reason (14,15).  

One study suggested a higher risk of treatment discontinuation due to central nervous system 

(CNS) toxicity with DTG and, as expected, a higher risk of treatment discontinuation for 

simplification with DRV/b (14).  

Of note is that all these studies except one by Rava et al.(16) applied a generic definition of 

treatment discontinuation, so the results are not directly comparable to ours. We argue that 

changes of DTG or DRV/b due to simplification in clinical practice are typically triggered by 
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convenience and do not jeopardize future therapeutic options. Because we were interested in the 

actual durability of the regimens, we intentionally used an endpoint that did not count 

discontinuations due to participants' choice as events. Despite this approach, DRV was found to be 

less effective than DTG in our study. Discontinuation due to intolerance or toxicity was the main 

factor contributing to the difference observed among the two strategies. 

Some of these studies also documented better virological outcomes with INSTI- than with PI/b- 

based regimens (17,20), while others failed to detect a difference (14,15). 

It has to be noted that in one of these studies, the comparison of interest was darunavir vs. 

bictegravir, not dolutegravir (20). 

None of these studies use the exact definition of the composite outcome adopted by us, which 

was similar to the one applied in the protocol of the LAPTOP trial (9). Still, some of them reported 

a lower risk of mortality in late presenters and advanced PWH starting an INSTI- vs PI/b-based 

regimen (17,25). None of them compared the risk of developing SNAE events by these drug 

strategies. Importantly, all these analyses, apart from those of Mounzer et al.(20), used standard 

statistical methods comparing risks conditioned on covariates, so they are essentially answering a 

different question. In addition, our study findings could have broad applicability, even in low- and 

middle-income countries, where late and advanced HIV presentation is more prevalent (26,27) 

and could contribute to tailored strategies for resource-limited settings. In particular our data 

support the WHO recommendation of considering DTG as the preferred first-line regimen for all 

population groups (28) and generic DTG is available as low-cost single or fixed-dose combination in 

low-income, lower-middle income and sub-Saharan Africa countries. 

Our analysis has several strengths: the large sample size, the use of a statistical framework for 

analysis, which the European Medicines Agency considers the best way to formalise the design 

and analysis of nonrandomised studies with causal objectives, using observational data (29), a 
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comprehensive endpoint that included both treatment and clinical outcomes, and a length of 

follow-up which is likely to be longer than that of ongoing and future RCTs.  

Our analysis also has some limitations. First, the differences in risks revealed can be interpreted as 

causal under the usual assumptions for conducting causal inference analyses: causal consistency, 

exchangeability (no unmeasured confounding), positivity (overlap or common support of 

propensity scores), a correctly specified model for the treatment and censoring weights and, 

especially, no measurement error. We have also performed a sensitivity analysis for the 

assumption of unmeasured confounding by calculating the e-value (24), that confirms that our 

finding is robust (Supplementary Figure 3). Indeed, unmeasured confounders would require a RR 

of 2.75 or greater association with treatment assignment and outcome to explain away the effect. 

Moreover, exchangeability is a particularly strong assumption for this analysis as it is possible that 

individuals’ perceived adherence to therapy and other unreported symptoms, which are 

predictors of response to ART, might have also determined the initial therapy choice.  Also, DRV/b 

was compared to DTG and not to currently more popularly used second-generation integrase 

inhibitors such as bictegravir. Indeed, in recent years in Italy, the majority of PWH are initiated 

with a BIC-based regimen, making real-world data comparison of BIC vs. DRV (or even DTG) almost 

impossible to attempt. The study by Mounzer et al.(20) does not control for calendar year of 

starting ART and we suspect lack of positivity for this key confounding factor. 

Finally, the very small number of CNS events, for which an increased risk was seen in real-world 

data of PWH using DTG (30–32), prevented us from comparing outcomes tailored to specific 

adverse events leading to anchor drug discontinuations. Because the initiation of ART (time zero 

for the analysis) coincided with enrollment in the cohort, we did not have to use tools to control 

for immortal-time bias. 
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Conclusions 

Our findings suggest that a RCT conducted in a comparable target population of PWH with 

advanced disease is expected to show an approximately 50% reduction in the risk of treatment 

and clinical failure when a DTG- vs. DRV/b-based therapies are initiated in first-line treatment. In 

the absence of results of randomized comparisons, our results represent the best available 

evidence to inform therapy decisions for first-line ART in the advanced HIV disease setting. In 

addition, our results are important to guide the design of future randomized studies and for 

feeding meta-analyses of observational data which may lead to change in recommendations. In 

case of eventual discrepancies with the results of RCTs (when they will become available), access 

by the same team of statisticians to both randomized and real-world data would be the ideal way 

to address these discrepancies (33).  

 

Figure 1: Standardized mean differences by treatment arm 
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Footnotes of Figure 1: DTG, dolutegravir; DRV/b, boosted darunavir; SNAE, serious non-AIDS 

events, TAF, tenofovir alafenamide; ABC, abacavir. 

 

Figure 2: 

A. Unweighted Kaplan-Meier curves by anchor drug (DTG vs DRV/b) for the composite 

endpoint of newly developed AIDS/SNAE, death, virological failure or treatment 

discontinuation 

B. Weighted Kaplan-Meier curves by anchor drug (DTG vs DRV/b) for the composite endpoint 

of newly developed AIDS/SNAE, death, virological failure or treatment discontinuation 

C. Unweighted Kaplan-Meier curves by anchor drug (DTG vs DRV/b) for the endpoint of 

newly developed AIDS or death 

D. Weighted Kaplan-Meier curves by anchor drug (DTG vs DRV/b) for the endpoint of newly 

developed AIDS or death 

Footnotes of Figure 2: DTG, dolutegravir; DRV/b, boosted darunavir. 
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Table 1:  Main characteristics of the study population – overall and according to regimen started  

 
 

  
Regimen started 

Characteristics DRV/b DTG p-value Total 

  N= 428 N= 895   N= 1,323 

Gender, n(%)     0.191   

Female 99 (23.1%) 179 (20.0%)   278 (21.0%) 

Mode of HIV Transmission, n(%)     0.377   

PWID 22 (5.1%) 45 (5.0%)   67 (5.1%) 

Homosexual contacts 142 (33.2%) 341 (38.1%)   483 (36.5%) 

Heterosexual contacts 223 (52.1%) 428 (47.8%)   651 (49.2%) 

Other/Unknown 41 (9.6%) 81 (9.1%)   122 (9.2%) 

Nationality, n(%)     0.562   

Not Italian 131 (30.6%) 260 (29.1%)   391 (29.6%) 

AIDS diagnosis at BL, n(%)     0.810   

Yes 142 (33.2%) 291 (32.5%)   433 (32.7%) 

SNAE diagnosis at BL, n(%)   0.036  

Yes 41 (9.6%) 122 (13.6%)   163 (12.3%) 

HBsAg, n(%)     0.571   

Negative 371 (86.7%) 757 (84.6%)   1128 (8.53%) 

Positive 3 (0.7%) 9 (1.0%)   12 (0.9%) 

Not tested 54 (12.6%) 129 (14.4%)   183 (13.8%) 

HCV-Ab, n(%)     0.059   

Negative 351 (82.0%) 683 (76.3%)   1034 (78.2%) 

Positive 18 (4.2%) 55 (6.1%)   73 (5.5%) 

Not tested 59 (13.8%) 157 (17.5%)   216 (16.3%) 

Hepatitis co-infection, n(%)     0.076   

No 332 (77.6%) 644 (72.0%)   976 (73.8%) 

Yes 21 (4.9%) 64 (7.2%)   85 (6.4%) 

Not tested 75 (17.5%) 187 (20.9%)   262 (19.8%) 

Calendar year of BL     <0.001   

Median (IQR) 2018 (2015, 2019) 2018 (2017, 2019)   2018 (2016, 2019) 

2013-2018, n(%) 279 (65.2%) 543 (60.7%) 0.113 822 (62.1%) 

2019-2023, n(%) 149 (34.8%) 352 (39.3%)   501 (37.9%) 

Age, years     0.082   

Median (IQR) 44 (36, 51) 45 (36, 53)   45 (36, 53) 

Mean (range) 44 (19, 76) 45 (19, 78)   45 (19, 78) 

CD4 count nadir, cells/mm3     0.278   

Median (IQR) 68 (23, 132) 71 (27, 130)   70 (26, 131) 

Mean (range) 89 (0, 779) 95 (0, 1434)   93 (0, 1434) 

CD4 count at BL, n(%)     0.804   

<200 cells/mm3 412 (96.3%) 859 (96.0%)   1271 (96.1%) 

Viral load at BL, log10 copies/mL      0.548   

Median (IQR) 5.33 (4.84, 5.79) 5.30 (4.71, 5.83) 
 

5.30 (4.77, 5.81) 

Time from HIV diagnosis to date of 

starting ART, days 
    0.839   

Median (IQR) 19 (10, 35) 19 (9, 37)   19 (10, 37) 

TAF regimen at BL   <0.001  

n(%) 220 (51.4%) 293 (32.7%)   513 (38.8%) 

ABC regimen at BL   <0.001  

n(%) 22 (5.1%) 243 (27.2%)   265 (20.0%) 

TDF regimen at BL   0.248  

(%) 186 (43.5%) 359 (40.1%)   545 (41.2%) 

NRTI pair started, n(%)     <.001   

ABC +3TC 22 (5.1%) 243 (27.2%)   265 (20.0%) 

TDF+3TC 0 (0.0%) 1 (0.1%)   1 (0.1%) 

TAF+3TC 0 (0.0%) 0 (0.0%)   0 (0.0%) 

TAF+FTC 220 (51.4%) 293 (32.7%)   513 (38.8%) 

TDF+FTC 186 (43.5%) 358 (40.0%)   544 (41.1%) 

Follow-up time, months     <0.001   

Median (IQR) 21 (4, 60) 40 (11, 66)   32 (8, 63) 

Notes: IQR, interquartile range; BL, baseline, PWID, People who inject drugs; ART, antiretroviral 

therapy; TAF, tenofovir alafenamide; ABC, abacavir, NRTI, nucleoside reverse transcriptase 

inhibitor; 3TC, lamivudine; TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; DRV/b 

boosted darunavir, DTG, dolutegravir. Column proportions are used. 
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