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Background. Suppressed patients with drug-resistant HIV-1 require effective and simple antiretroviral therapy to maintain 
treatment adherence and viral suppression.

Methods. This randomized, open-label, noninferiority, multicenter pilot study involved HIV-infected adults who met the 
following criteria: confirmed HIV-1 RNA <50 copies/mL for ≥6 months preceding the study randomization, treatment with at 
least 3 antiretroviral drugs, and a history of drug resistance mutations against at least 2 antiretroviral classes but remaining fully 
susceptible to darunavir (DRV) and integrase inhibitors. Participants were randomized 1:1 to switch to dolutegravir (DTG; 
50 mg once per day) plus DRV boosted with cobicistat (DRV/c; 800/150 mg once per day; 2D group) or continue with their 
baseline regimen (standard-of-care [SOC] group). The primary endpoint was the proportion of patients with HIV-1 RNA  
<50 copies/mL at week 48 relative to time to loss of virologic response, with a noninferiority margin set at −12.5%. Virologic 
failure was defined as confirmed HIV-1 RNA ≥50 copies/mL or a single determination of HIV-1 RNA >50 copies/mL followed 
by antiretroviral therapy discontinuation.

Results. Forty-five participants were assigned to the 2D group and 44 to the SOC group. Time to loss of virologic response 
showed no difference in the proportion maintaining HIV-1 RNA <50 copies/mL at week 48: 39 of 45 (86.7%; 95% CI, 73.21%– 
94.95%) in the 2D group vs 42 of 44 (95.4%; 95% CI, 84.53%–99.44%) in the SOC group (log-rank P = .159) with an estimated 
difference of −8.7 (95% CI, −22.72 to 5.14). Only 2 (4.5%) in the SOC group experienced virologic failure, and 3 participants 
from the 2D group experienced adverse events leading to treatment discontinuation.

Conclusions. In suppressed patients with at least 2 resistant antiretroviral classes, noninferiority could not be demonstrated by 
fully active DRV/c plus DTG. Nevertheless, there were no unexpected adverse events or virologic failure. DRV/c plus DTG may be 
considered a once-daily therapy option only for well-selected patients.
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Simple, effective, and well-tolerated antiretroviral therapy 
(ART) combinations are needed to maintain lifelong HIV-1 
suppression in patients with high therapeutic experience and 
multidrug resistant HIV-1. These individuals often achieve vi-
rus suppression through complex ART combinations, which 
are difficult to maintain in the long run due to pill fatigue 
and poor treatment adherence. Dual ART based on boosted 
protease inhibitors plus integrase strand transfer inhibitors 
(INSTIs) has been evaluated in clinical trials as a second-line 
salvage strategy in those with HIV harboring drug resistance 
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mutations (DRMs) [1] but not as a maintenance strategy in pa-
tients with archived DRM.

Darunavir (DRV) boosted with ritonavir (DRV/r) or cobici-
stat (DRV/c) and dolutegravir (DTG) can be given once daily, 
are well tolerated, and have a high genetic barrier to resistance. 
DRV and DTG have demonstrated antiviral efficacy in patients 
with limited therapeutic options [2–8].

DTG’s major and minor metabolic pathways are UDP- 
glucuronosyltransferase 1A1 and cytochrome 3A4, respective-
ly. Since ritonavir is a UDP-glucuronosyltransferase inducer, 
coadministration of DTG with ritonavir can decrease trough 
concentrations of DTG by nearly 40%, which may lead to inap-
propriately low concentrations of DTG in some patients. By 
contrast, cobicistat does not induce glucuronidation [9], and 
DTG trough concentration levels are not affected by its coad-
ministration with DRV/c [10].

Here, we evaluated the efficacy and safety of DTG plus 
DRV/c as a once-daily maintenance strategy vs continuing 
the previous ART in patients who were highly treatment 
experienced with HIV-1 resistant to drugs but not INSTIs 
or DRV.

METHODS

Study Design

This was an open-label, randomized, noninferiority, and mul-
ticenter pilot clinical trial to evaluate the efficacy of DTG plus 
DRV/c as a once-daily simplification strategy as compared 
with the continuation of the current ART in maintaining viro-
logic suppression (RNA HIV-1 <50 copies/mL) in participants 
who were highly ART experienced and harboring archived 
DRM against at least 2 antiretroviral classes.

Study participants were randomized 1:1 to receive dual ther-
apy based on DTG (50 mg) plus DRV/c (800/150 mg) once dai-
ly (the 2D arm) or a continuation of their current stable and 
standard-of-care (SOC) ART (the control arm). The randomi-
zation list was created by using a uniform distribution and as-
signing a range of values to each group. The assignment was 
made by REDCap’s randomization module. The study duration 
was 52 weeks, which included a 4-week screening period plus a 
48-week follow-up period.

Patient Consent and Ethical Statements

The study was approved by the Ethics Committee of the 
Hospital Universitari Germans Trias i Pujol (AC-18-074- 
HGT-CEIM) and by the Spanish Regulatory Authorities, 
and it was conducted according to the stipulations of the 
Declaration of Helsinki (Brazil, 2013) and local personal data 
protection law (LOPD 15/1999). All patients provided their 
written informed consent for participation. The study is regis-
tered at ClinicalTrials.gov (NCT03683524).

Study Population

Eligible participants were HIV-infected adults treated with at 
least 3 antiretroviral drugs (protease inhibitors, nonnucleoside 
reverse transcriptase inhibitors, nucleoside reverse transcrip-
tase inhibitors, integrase inhibitors, or CCR5 receptor antago-
nists) and with confirmation of suppressed HIV-1 RNA <50 
copies/mL during at least 6 months preceding randomization. 
Patients had to have historical genotypic evidence of DRM 
against ≥2 antiretroviral classes according to the Stanford DB 
(version 9.0; https://hivdb.stanford.edu). However, their virus 
had to remain fully susceptible to DRV (Stanford DB score 
<15) and lack all the following INSTI-associated DRMs: 
T66A/I/K, L74M, E92G/Q, G118R, T97A, F121Y, E138A/K/ 
T, G140A/C/S, Y143A/C/G/R/H/S, S147G, Q148H/K/R, 
N155H, S230R, and R263K. Participants were considered not 
eligible if they had a history of poor adherence or virologic fail-
ure while receiving integrase inhibitors; had concomitant treat-
ments with potential drug interactions with DRV/c or DTG; 
were hepatitis B surface antigen positive; or had unstable liver 
disease, severe hepatic impairment (Child-Pugh class C), or 
hepatitis C coinfection that would require therapy during the 
study.

Outcomes

The primary study outcome was the proportion of participants 
with HIV-1 RNA <50 copies/mL at week 48 with an analysis 
based on time to loss of virologic response (TLOVR). 
Secondary endpoints included the proportion of participants 
with HIV-1 RNA <50 copies/mL at week 48 per the Food 
and Drug Administration (FDA) snapshot algorithm; the per-
centage developing ART-associated adverse events leading to 
treatment discontinuation; changes in CD4+ cell counts and 
biochemical parameters during the follow-up; and the emer-
gence of new DRMs in the protease and integrase genes of 
the HIV-1 in participants experiencing virologic failure.

ART adherence was calculated as follows: (number of capsules 
taken / number of capsules prescribed) × 100. Concentrations of 
DTG and DRV/c in plasma were determined at week 4 in all pa-
tients from the 2D arm and in participants experiencing virolog-
ic failure. To this end, blood samples for DTG, DRV, and 
cobicistat were collected in 5-mL tubes containing potassium 
and EDTA. Plasma was isolated by centrifugation (1900g for 
15 minutes) and stored at −20 °C until analysis. DTG and 
DRV concentrations in plasma were determined with ultrahigh- 
performance liquid chromatography with tandem mass spec-
trometry according to a validated method [11].

Statistical Analysis

The sample size was estimated to provide 80% power with a 
1-sided alpha value of 0.05 to detect 95% efficacy (according 
to the TLOVR analysis) in the group treated with DTG plus 
DRV/c and in the SOC arm with a noninferiority limit of 
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−12.5%. A final sample size of 102 participants (51 per arm) 
was planned to account for a 5% discontinuation rate during 
the study follow-up. However, patient inclusion had to be 
stopped after 109 weeks because there were no more eligible pa-
tients in the participating centers. There were no more eligible 
patients mainly because of participation in other clinical and 
observational studies, treatment with dual therapies different 
from the one being studied, the presence of mutations in the 
protease conferring resistance to DRV (≥15 points according 
to the Stanford DB), genotypic confirmation or suspicion of re-
sistance to integrase inhibitors, and finally the onset of the 
SARS-CoV-2 pandemic.

Virologic failure was defined as detection of HIV-1 RNA 
≥50 copies/mL at 2 consecutive visits measured within 2 to 4 
weeks or as a single determination of HIV-1 RNA ≥50 copies/ 
mL followed by premature treatment discontinuation. A geno-
typing test was performed at virologic failure confirmation. If ad-
verse events resulted in treatment discontinuation or dropout, 
they were treated as virologic failure for efficacy assessment. 
The Kaplan-Meier estimation was used to describe TLOVR anal-
ysis for all participants and by treatment arm.

Data from archived genotyping tests, viral tropism, and 
previous exposure to antiretroviral drugs were collected 
from electronic history records in the different participating 
centers. Demographics and clinical parameters were summa-
rized with mean (SD), median (IQR), or frequency (percent-
age), as appropriate. Frequency distributions for categorical 
variables were compared with chi-square or Fisher exact tests. 
Parametric tests (t test, nonpaired, or paired) or nonparamet-
ric tests (Mann-Whitney, Kruskal-Wallis, Wilcoxon, or 
Friedman) were used to compare continuous variables, de-
pending on their distribution and the nature of the compari-
son (paired or independent).

For the primary efficacy analysis, the noninferiority hy-
pothesis test was based on a 2-sided 95% CI computed with 
a continuity-corrected Z statistic for the difference (DTG 
plus DRV/c – SOC) of the proportion of participants with 
HIV-1 RNA <50 copies/mL, and its 95% CI was calculated. 
Noninferiority was concluded if the upper limit of the 2-sided 
95% CI was <−12.5%.

The proportion with HIV-1 RNA <50 copies/mL at week 48 
according to the FDA snapshot was evaluated. In the FDA 
snapshot analysis, participants were classified according to 3 
outcomes:

Responders: HIV-1 RNA <50 copies/mL at week 48
Nonresponders: HIV-1 RNA ≥50 copies/mL at week 48— 

participants with virologic failure or blips (in window) or par-
ticipants who discontinued the study drug because of adverse 
events, death, or other reasons before week 48 with last avail-
able HIV-1 RNA ≥50 copies/mL

No virologic data: participants who discontinued the 
study drug before week 48 for reasons other than low efficacy, 

including adverse event and death with last available HIV-1 
RNA <50 copies/mL, and participants who were still taking 
the study drug but for whom HIV-1 RNA data were missing 
at week 48

The difference in response rates and P value of the snapshot 
analysis were calculated by a dichotomized response: HIV-1 
RNA <50 copies/mL at week 48 vs HIV-1 RNA ≥50 copies/ 
mL and no virologic data at week 48.

Statistical analysis was performed with SPSS version 
15.0 (IBM) and R (R Foundation for Statistical 
Computing). Differences were considered statistically signifi-
cant at P < .05.

RESULTS

Between December 2018 and January 2021, 96 participants 
were randomized from 12 HIV care centers across Spain. 
One individual in each group withdrew his or her informed 
consent before baseline. In addition, 3 participants in the 2D 
group and 2 in the SOC group were excluded before baseline 
due to protocol violation. These 7 patients did not receive the 
study treatment. Therefore, the efficacy analysis set and safety 
analysis set included 89 participants: 45 in the 2D group and 
44 in the SOC group (Supplementary Figure 1).

Demographics and clinical characteristics were well ba-
lanced between groups at baseline (Table 1). The median 
(IQR) age was 55 years (50–60); 68 (76.4%) were male; and 
the median time since HIV diagnosis was 25 years (23.0– 
28.0). Participants had a median 3 (2–8) and 5 (4–7) associated 
DRMs in the genes of protease and reverse transcriptase, re-
spectively (Supplementary Table 1). Before randomization, 61 
(68%) and 59 (66%) participants were taking boosted DRV or 
INSTIs. In addition, 33 (37.1%) were following twice-daily reg-
imens and had previously taken a median 13 (10–17) antiretro-
viral drugs (Supplementary Table 2).

No virologic failures occurred in the 2D group. In contrast, 2 
(4.5%) met the criteria for confirmed virologic failure at weeks 
12 and 24 in the SOC group. Information about the 2 partici-
pants who experienced virologic failure is detailed in the 
Supplementary Table 3. In the 2D group, 3 patients experienced 
adverse events leading to treatment discontinuation, and an ad-
ditional 3 patients were lost to follow-up, as opposed to none in 
the SOC group. No patients in the 2D group who had switched 
from a twice-daily regimen experienced discontinuations. These 
discontinuations due to adverse events were observed only 
among participants who had switched from once-daily treat-
ment, with 2 of them receiving a coformulated single-tablet reg-
imen. According to the TLOVR analysis (Figure 1), there 
were no differences in the proportion maintaining HIV-1 
RNA <50 copies/mL at week 48 (95.5% vs 86.7%, log rank 
P = .159). The estimated difference in the proportion of virolog-
ic failure between the experimental group and the control was 
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−8.7 (95% CI, −22.72 to 5.14). Noninferiority could not be dem-
onstrated, as the upper confidence interval of the difference ex-
ceeds the noninferiority limit of −12.5%. Similarly, the FDA 
snapshot analysis (n = 89) showed no differences in the propor-
tion of patients maintaining virologic suppression in both arms 

(Table 2; P = .147). Three (6.7%) and 5 (11.4%) participants in 
the 2D and SOC groups, respectively, experienced blips during 
the follow-up period (P = .480).

There were no differences between groups in mean ART adher-
ence at 48 weeks (100% in the 2D group vs 99.6% in the SOC group, 
P = .334). The median (IQR) change from baseline in CD4+ cell 
count at week 48 was −1.0 cells/mm3 (−2.9 to 0.5) in the 2D 
arm and 0.4 cells/mm3 (−2.7 to 2.8) in the SOC arm (P = .130). 
Regarding the lipid profile, the median change in total cholesterol 
from baseline was −0.8 mg/dL (−19.3 to 26.0) in the 2D group and 
3.00 mg/dL (−10.0 to 15.5) in the SOC group (P = .970).

Median changes in low- and high-density lipoprotein choles-
terol were 0.0 mg/dL (−26.6 to 24.0) and −1.1 mg/dL (−6.4 to 
4.4) in the 2D group and −2.3 mg/dL (−19.0 to 16.0) and 
−2.0 mg/dL (−5.4 to 2.8) in the SOC group (P = .590 and 
P = .740), respectively. Triglyceride levels did not show signifi-
cant changes, with a median change of −7.0 mg/dL (−35.3 to 
60.0) in the 2D group and 10.0 mg/dL (−17.3 to 40.6) in the 
SOC group (P = .570). In addition, the number of patients tak-
ing lipid-lowering drugs increased from 12 to 13 in the 2D 
group and from 14 to 16 in the SOC group. Similarly, creatinine 
plasma levels and estimated glomerular filtration rate remained 
stable during the study period without significant differences 
between groups (Table 3, Supplementary Figure 2).

Forty-one (91.1%) of 45 patients in 2D group and 32 (72.7%) of 
44 in SOC group had at least 1 adverse event. A total of 111 ad-
verse events in the 2D arm and 81 in the SOC arm (P = .002) 
were documented (Figure 2). There were no serious adverse 
events, AIDS-defining events, or deaths during the study. DTG 
plus DRV/c–related adverse events were observed in 13 partici-
pants, being mild or moderate. Three of these patients developed 
adverse events leading to treatment discontinuation. No 
drug-related adverse events or events leading to treatment discon-
tinuation were observed in the SOC group. Two reported grade II 

Table 1. Baseline Characteristics (N = 89)

Arm, No. (%) or Median (IQR)

SOC (Control;  
n = 44)

2D (DRV/c + DTG;  
n = 45)

Sex: men 32 (72.7) 36 (80.0)

Age, y 55 (50–60) 55 (50–61)

Time since HIV diagnosis, y 25 (23–28) 25 (23–29)

Time on virologic suppression, y 4 (1–9) 5 (2–9)

Hepatitis C virus coinfection 5 (11.4) 6 (13.3)

Transmission route

MSW 13 (29.5) 15 (33.3)

MSM 16 (36.4) 18 (40.0)

IVDU 12 (27.3) 10 (22.2)

Others 3 (4.8) 2 (4.5)

Previous exposure to antiretroviral 
drugs at baseline

Total 13 (10–17) 14 (10–17)

Protease inhibitors 4 (2–6) 4 (2–6)

NRTIs 6 (5–7) 7 (5–7)

NNRTIs 2 (1–2) 2 (1–2)

Integrase inhibitors 1 (1–2) 1 (1–2)

ART at study entry

Darunavira 28 (63.6) 33 (73.3)

DRV/rb 15 (34.1) 13 (28.9)

DRV/c 13 (29.5) 20 (44.4)

Other PI 3 (6.8) …

3TC/FTC 27 (61.4) 26 (57.8)

TDF/TAF 23 (52.3) 17 (37.8)

ABC 7 (15.9) 9 (20.0)

ETR 9 (20.5) 13 (28.9)

RAL 12 (27.3) 17 (37.8)

ELV/c 4 (9.1) 1 (2.2)

DTG QD 13 (29.5) 17 (37.8)

Twice-daily ART regimens 17 (38.6) 16 (35.6)

DRV/r BID 9 (20.5) 6 (13.3)

ETR BID 9 (20.5) 13 (28.9)

RAL BID 12 (27.3) 16 (35.6)

No. of daily tablets 5 (5–7) 3 (5–7)

CD4+, cells/mm3

Nadir 147 (61–217) 152 (77–269)

Count 607 (429–961) 623 (493–901)

Associated mutations at baseline

Protease 3 (2–7) 4 (2–8)

Major protease 1 (0–2) 2 (0–3)

Reverse transcriptase 3 (1–5) 5 (4–7)

TAM 3 (0–4) 3 (0–4)

NNRTI 2 (1–2) 2 (1–3)

Prior enfuvirtide failure 5 (11.4) 7 (15.6)

Resistant ART classes c

2 35 (79.5) 33 (73.3)

3 9 (20.5) 12 (26.7)

Table 1. Continued  

Arm, No. (%) or Median (IQR)

SOC (Control;  
n = 44)

2D (DRV/c + DTG;  
n = 45)

Viral tropism

CXCR4 8 (18.2) 3 (6.7)

CCR5 8 (18.2) 6 (13.3)

NA 28 (63.6) 36 (80.0)

Abbreviations: 3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; BID, twice a day; 
DRV/c, darunavir/cobicistat; DRV/r, darunavir/ritonavir; DTG, dolutegravir; ELV/c, 
elvitegravir/cobicistat; ETR, etravirine; FTC, emtricitabine; IVDU, intravenous drug user; 
MSM, men who have sex with men; MSW, men who have sex with women; NA, not 
available; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse 
transcriptase inhibitor; PI, protease inhibitor; QD, once a day; RAL, raltegravir; SOC, 
standard of care; TAF, tenofovir alafenamide; TAM, thymidine analog mutation; TDF, 
tenofovir disoproxil fumarate.  
aIncluding ritonavir and cobicistat.  
bIncluding QD and BID doses.  
cAccording to Stanford DB (version 9.0; https://hivdb.stanford.edu).
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arthralgia and rash and 1 had grade III diarrhea, all during viro-
logic suppression. Prior ART for these 3 participants before their 
randomization into the 2D group was as follows: elvitegravir/co-
bicistat/emtricitabine/tenofovir alafenamide; DRV/c with abaca-
vir/lamivudine; and a once-daily combination of DRV/r, DTG, 
and maraviroc. Ten participants experienced 9 drug-related ad-
verse events: asthenia, drowsiness, dizziness, headache, general 
malaise, weight increase, night sweats, diarrhea, and salivary gland 
enlargement. Non–drug-related grade I, II, and III adverse events 
were similar in both groups (P > .05; Figure 2).

Trough concentrations (20–28 hours after dosing) in plasma 
were available for all 45 selected participants allocated to the 2D 
arm (Figure 3). Mean (SD) DTG, DRV, and cobicistat trough 
concentrations were 1317 ng/mL (1098), 2131 (2452), and 
202 (317.1), respectively. DTG concentrations were above the 
protein-adjusted IC90 (90% inhibitory concentration) [12] in 
all cases. DRV concentrations were above the protein-adjusted  
IC50 for wild type HIV in all but 1 case [13]. No adherence is-
sues or drug-drug interactions could be identified, and plasma 

Figure 1. Virologic outcomes at week 48 according to TLOVR. Virologic failure was defined as detection of HIV-1 RNA ≥50 copies/mL at 2 consecutive visits measured 
within 2 to 4 weeks or by a single determination of HIV-1 RNA ≥50 copies/mL followed by premature treatment discontinuation. In case of an adverse event leading to 
treatment discontinuation or dropout, it was treated as virologic failure for efficacy. Kaplan-Meier estimation was used to describe TLOVR analysis for all participants 
and by treatment arms. DRV/c, darunavir with cobicistat; DTG, dolutegravir; TLOVR, time to loss of virologic response.

Table 2. Virologic Outcomes at Week 48 According to a Food and Drug 
Administration Snapshot Analysis

Arm, No. (%, 95% CI)

SOC (Control;  
n = 44)

2D (DRV/c + DTG;  
n = 45)

P 
Value

Success, VL 
<50 copies/mL

42 (95.5, 89.3–100.0) 39 (86.7, 76.7–96.6) .147

Nonresponders, VL 
≥50 copies/mL

2 (4.5, 0–10.7) … .148

Virologic failure 2 (4.5, 0–10.7) …

VL ≥50 copies/ 
mL (in window)

… …

No data … 6 (13.3, 3.4–23.2) .012

Discontinuation 
due to AEs

… 3 (6.7, .6–13.9)

Missing … …

Loss to follow-up … 3 (4.5, 0–13.9)

M = Fa 42 (95.5, 89.3–100.0) 39 (86.7, 76.7–96.6) .147

Abbreviations: AE, adverse event; DRV/c, darunavir/cobicistat; DTG, dolutegravir; SOC, 
standard of care; VL, viral load.  
aMissing equal to failure of efficacy analysis.
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viral load remained undetectable during the entire follow-up 
period in this participant.

DISCUSSION

This study shows that dual therapy with DRV/c plus 
DTG maintains viral suppression in patients who are well sup-
pressed, adherent to ART, and highly experienced and are har-
boring archived DRM against at least 2 antiretroviral classes but 
fully active DRV and INSTIs. This regimen may be a valid op-
tion for simplifying ART in highly experienced patients with 
suppressive but complex ART regimens that could cause pill fa-
tigue and adherence concerns, as well as individuals taking 
drugs that may have reduced long-term effectiveness due to 

the presence of archived DRMs, regardless of the regimen’s 
complexity.

In our study, there were no significant differences in virolog-
ic efficacy in the TLOVR or FDA snapshot analyses. While 
there were 2 virologic failures in the SOC arm, none was ob-
served in the 2D arm. This is consistent with previous studies 
of protease inhibitors plus integrase inhibitors or lamivudine 
as first-line or simplification therapy [14, 15]. Unlike ours, pre-
vious studies excluded patients with DRM or previous virologic 
failure. The absence of virologic failures in the 2D group is 
also in line with the high genetic barrier of DTG and DRV 
[2, 6, 7, 16].

The efficacy of DTG and DRV has been well demonstrated 
in randomized clinical trials in early and advanced salvage 

Table 3. Changes in Lipid, CD4+, Creatinine, and CKD-EPI

Arm, Median (IQR)

SOC (Control; n = 44) 2D (DRV/c + DTG; n = 45) P Value

Baseline Week 48 P Value a Baseline Week 48 P Value a Baseline
Week 

48

Cholesterol, mg/dL

Total 198.0 (169.0–229.0) 205.8 (173.2–234.5) .530 194.6 (170.1–225.5) 200.0 (167.2–228.0) .560 .510 .429

LDL 128.0 (110.6–149.5) 126.3 (100.8–148.8) .498 119.0 (99.0–141.0) 119.0 (103.3–143.3) .660 .323 .511

HDL 47.0 (36.8–62.9) 44.4 (34.3–55.5) .120 47.3 (39.5–58.0) 48.3 (38.8–58.3) .424 .826 .429

Triglycerides, mg/dL 133.0 (92.5–191.8) 152.0 (109.5–219.8) .236 125.7 (97.5–192.0) 136.0 (93.0–186.2) .666 .743 .233

Creatinine, mg/dL 0.86 (0.74–0.98) 0.90 (0.72–1.06) .355 0.90 (0.78–1.06) 0.99 (0.82–1.12) .003 .582 .176

CKD-EPI, mL/min 80.0 (67.9–87.6) 74.1 (67.5–80.0) .414 76.3 (67.0–82.9) 76.0 (57.0–82.2) .012 0.370 .927

CD4 + count, cells/ 
mm3

607 (429–961) 586 (440–817) .811 623 (493–901) 644 (497–911) .446 .761 .644

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DRV/c, darunavir/cobicistat; DTG, dolutegravir; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SOC, 
standard of care.  
aIntragroup comparisons.

Figure 2. Adverse events during follow-up. Forty-one (91.1%) of 45 patients in the 2D group and 32 (72.7%) of 44 in SOC group had at least 1 adverse event. A total of 111 
adverse events in the 2D group and 81 in the SOC group (P = .002) were documented. There were no serious adverse events. DTG + DRV/c–related adverse events were 
observed in 13 participants, being mild or moderate. Three of them developed adverse events leading to treatment discontinuation. No drug-related adverse events or events 
leading to treatment discontinuation were observed in the SOC group. 2D, DTG + DRV/C; AE, adverse event; DRV/c, darunavir with cobicistat; DTG, dolutegravir; SOC, stan-
dard of care.
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ART, as well as a simplification in highly experienced patients 
harboring DRM [3–6, 17]. Until now, however, no clinical trials 
had evaluated this combination in patients with multidrug- 

resistant HIV-1. Our findings are highly consistent with 
previous observational [18–22], uncontrolled, single-arm, and 
mostly retrospective studies [18–20]. Such studies evaluated 
heterogeneous patient populations, including failing and well- 
suppressed cases [18, 19, 21], and allowed the use of other 
boosted protease inhibitors different from DRV [18], 
twice-a-day administration of DRV or DTG [20, 21], and cobi-
cistat and ritonavir as pharmacologic boosters in the same 
study [18, 20–22].

Before randomization, 57% and 76% of the 2D arm and SOC 
arm were taking integrase inhibitors, respectively. In addition, 
71% of patients in the SOC group were undergoing treatment 
with protease inhibitors, mainly DRV, while 73% of patients 
in the 2D group were taking boosted DRV before randomiza-
tion. This could be the main reason why we did not observe sig-
nificant differences between groups in the fasting lipid profile, 
plasmatic creatinine levels, and glomerular filtration rate, de-
spite the use of cobicistat and DTG. Additionally, no additive 
effect was observed in these renal parameters due to the com-
bined use of DTG and cobicistat in the same regimen, nor 
were any cases observed of dual-therapy discontinuation for 
worsening renal function or in the fasting lipid profile. These 
findings are concordant with clinical and observational studies 
in which DTG and DRV/c individually or in combination have 
been shown to be safe and well tolerated [6, 19, 22].

There were a high proportions of participants taking boosted 
DRV and INSTIs before randomization in the 2D group, 
including 44% with DRV/c, 29% with DRV/r, and 38% with 
DTG. Notably, there were more overall and drug-related ad-
verse events in the 2D group, although they were mainly grade 
I and II. These safety results, however, should be interpreted 
with caution due to the open label design. Yet, they are not sur-
prising, since the change to a new treatment regimen is usually 
associated with a higher risk of experiencing adverse events or 
tolerance problems. Nonetheless, it is worth noting that adverse 
events leading to treatment discontinuation were infrequent. 
Only 3 participants undergoing dual therapy with DTG plus 
DRV/c discontinued their ART due to arthralgia, diarrhea, 
and rash. In these cases, the switch to DRV/c plus DTG in-
volved some ART changes. The patient experiencing arthralgia 
started both drugs for the first time. In the case of the one who 
discontinued due to diarrhea, ritonavir was replaced with cobi-
cistat as the booster for DRV. For the individual who experi-
enced rash, abacavir/lamivudine was substituted with DTG. 
These are well-known adverse events related to these drugs 
[23], and unexpected adverse events were not observed.

Our study has a number of limitations. The enrolment of pa-
tients had to be stopped due to the lack of eligible participants. 
Therefore, the study was underpowered to detect 90% efficacy 
and demonstrate the noninferiority of DTG plus DRV/c dual 
therapy vs maintenance of ART. In addition, the study may 
have introduced selection biases based on its open design and 

Figure 3. Concentrations of DTG, DRV, and cobicistat in the plasma of partici-
pants allocated to the 2D arm. Concentrations of DTG and DRV/c in plasma wer-
e determined at week 4 in all patients from the 2D arm and in those 
experiencing virologic failure. Blood samples for DTG, DRV, and cobicistat were col-
lected in 5-mL tubes containing potassium and EDTA. Plasma was isolated by cen-
trifugation (1900g for 15 minutes) and stored at −20 °C until analysis. DTG and DRV 
concentrations in plasma were determined with ultrahigh-performance liquid chro-
matography with tandem mass spectrometry according to a validated method [11]. 
2D, DTG + DRV/C; AE, adverse event; DRV/c, darunavir with cobicistat; DTG, 
dolutegravir.
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the fact that good ART adherence prior to study initiation was 
assumed but not measured; as such, safety and efficacy results 
must be interpreted with caution. Nevertheless, to our knowl-
edge, this is the first randomized study to compare a dual ther-
apy made up of DTG and DRV/c as a simplification strategy in 
patients infected with HIV who had high ART experience and 
resistance to at least 2 classes of antiretroviral drugs but with 
DTG and DRV still fully active. In addition, the study provides 
some insights into the main safety and pharmacokinetic issues. 
Similar to observations in healthy volunteers [10], our data sup-
port the claim that the combination of DTG plus DRV/c does 
not have a significant drug-drug interaction, since it maintains 
drug levels over the recommended IC90 for DTG [12] and IC50 

for DRV [13] in all patients. Finally, our results might be of in-
terest for clinicians who treat patients harboring DRM, includ-
ing those who work in settings where there is a high prevalence 
of DRM [24].

In summary, while noninferiority could not be demonstrated 
and no specific advantage in terms of tolerance was observed, 
dual therapy with DTG plus DRV/c appeared to be a safe ap-
proach. It may maintain viral suppression without the develop-
ment of virologic failures or unexpected adverse events in 
patients highly experienced with resistance to at least 2 antiretro-
viral classes, as long as they retain DRV- and INSTI-susceptible 
HIV-1. To minimize the risk of virologic failure, proper selection 
of candidates for simplification with this once-daily strategy is 
mandatory.
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