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Objective: To evaluate the virological outcome of darunavir–cobicistat (DRVc)-based regimens in adults living with HIV who had 
experienced virological failure (VF) on any previous drug combination.
Methods: This was a retrospective cohort study (CSLHIV Cohort) of adults living with HIV who started a DRVc-based regimen with 
HIV-RNA >50 copies/mL after VF on any previous drug combination. Data on demographics, antiretroviral treatment since HIV 
diagnosis, and immunological and metabolic parameters from baseline (start of DRVc) to 48 weeks were analyzed in order to assess 
the cumulative proportion of those who achieved virological success (VS), defined as at least one instance of HIV-RNA <50 copies/ 
mL within 12 months from baseline. Follow-up lasted from the start of the DRVc-based regimen (baseline) to the first instance of HIV- 
RNA <50 copies/mL, last available visit, or loss to follow-up or death, whichever occurred first. Univariate and multivariate Cox 
proportional-hazard regression models were used to identify baseline factors associated with VS.
Results: A total of 176 individuals were included, and 120 (68.2%) achieved <50 HIV-RNA copies/mL within 12 months since 
baseline. On multivariate analysis, baseline HDL cholesterol was independently associated with the occurrence of VS (adjusted HR 
1.021, 95% CI 1.004–1.038; p=0.014). Among the 120 subjects with VS, 27 (22.5%) had had VF during a median follow-up of 20.8 
months since the first undetectable HIV-RNA. Resistance testing after VF was available in two cases, which harboured the HIV 
variant–bearing protease inhibitor–resistance mutations D30N, I50V, and N88D. During a median follow-up of 38.4 months, 65 of 176 
(36.9%) individuals discontinued DRVc for any reason (37 of 120, 30.8%) and achieved VS vs. 28 of 56 (50%) without VS (p=0.019). 
Time to discontinuation was longer in people with VS (41.5 vs. 23.0 months, p=0.0007). No statistically significant changes were 
observed in immunological or lipid profiles during follow-up.
Conclusion: Most individuals in this study achieved VS within 12 months from the beginning of a DRVc-based regimen; therefore, 
this treatment represent a viable option for people who have experienced VF on other regimens.
Keywords: HIV infection, antiretroviral therapy, ART, darunavir–cobicistat, DRVc, virological failure, VF

Introduction
Boosted darunavir (bDRV) is included in international guidelines for HIV1-infection therapy, both for treatment-naïve 
and treatment-experienced people, and in cases of virological failure (VF) with single- or multiclass resistance, as long as 
it proves to be fully active and in combination with at least another active drug.1 Ritonavir-boosted DRV (DRVr) 600/ 
100 mg twice daily has proved to be highly effective in HIV-infected, treatment-experienced individuals showing VF and 
primary protease inhibitor (PI)-resistance mutations.2,3

It was later demonstrated that once-daily DRVr 800/100 mg was as effective as DRVr 600/100 mg twice daily in 
treatment-experienced patients with no DRV resistance-associated mutations, with a lower incidence of lipid profile 
worsening.4 A fixed-dose formulation of DRV–cobicistat (DRVc) was next developed and a once-daily single-tablet 
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formulation of DRVc–emtricitabine (FTC)–tenofovir alafenamide (TAF) showed efficacy, a high barrier to resistance, 
tolerability, and bone and renal function safety benefits in treatment-naïve HIV1 patients.5

For these reasons, DRVc currently represents a natural choice for people living with HIV (PLWH) developing VF 
under non–nucleoside reverse-transcriptase inhibitor (NNRTI)-based regimens, integrase strand-transfer inhibitor 
(InSTI)-based regimens, or most PI-based regimens, thanks to the absence of cross-resistance. However, data on the 
efficacy of DRVc as a rescue drug are very scarce,6,7 as most of the data (even recent) come from clinical studies where 
DRV was boosted with ritonavir.8

Therefore, reviewing the efficacy of once-daily DRVc in a representative number of PLWH experiencing VF may 
provide important and useful clinical information. The primary aim of this 48-week analysis was to describe the 
virological outcome of DRVc-based regimens in an adult HIV-infected cohort who had experienced VF on any previous 
drug combination.

Methods
This was a retrospective cohort study carried on adult male and female outpatients attending the San Raffaele Infectious 
Diseases Department (HIVCSL Cohort). The analysis included treatment-experienced PLWH aged ≥18 years at the start 
of a DRVc-based regimen who had shown VF (>50 copies/mL) on any previous drug combination. Individuals were 
excluded in cases of documented resistance to DRV (according to the Stanford algorithm [HIVdb Program, version 9.0, 
last updated February 22, 2021]).

The primary endpoint of this analysis was the 48-week cumulative proportion of individuals who achieved virological 
success (VS), defined as at least one instance of HIV-RNA <50 copies/mL, within 12 months since the start of the DRVc-based 
regimen. Secondary endpoints were: time to VS, including estimates of cumulative probabilities of VS by Kaplan–Meier 
curves; factors associated with achievement of VS; proportion of subjects who lost VS after achievement and underwent VF, 
defined as those who had two consecutive HIV-RNA values >50 copies/mL or a single HIV-RNA value >1000 copies/mL after 
reaching undetectable viral load; proportion of subjects who discontinued the DRVc-based regimen for any reason; reasons for 
discontinuation of the DRVc-based regimen; time to DRVc-based regimen discontinuation for any reason; and mean changes 
in main immunological and metabolic laboratory parameters during the DRVc-based regimen.

Follow-up accrued began from the start of a DRVc-based regimen (baseline). In the primary analysis on the primary 
endpoint (time to VS achievement), follow-up was censored to the date of first instance of HIV-RNA <50 copies/mL, last 
available visit, loss to follow-up, or death, whichever occurred first within 12 months since baseline. For the secondary 
analyses on some secondary endpoints, follow-up was censored to the date of last available visit under the DRVc-based 
regimen treatment, loss to follow-up, or death, as appropriate.

Subjects’ characteristics are presented as medians (quartile 1 to quartile 3) or frequency (%) and compared by the 
Mann–Whitney or χ2/Fisher’s exact tests, as appropriate. The cumulative probabilities of VS and discontinuation for any 
reason were estimated using Kaplan–Meier curves. A multivariate Cox proportional hazard regression model was 
generated to identify baseline factors associated with the achievement of VS hazard ratios with corresponding 95% 
confidence intervals. The model comprised the covariates (p<0.15 on univariate analyses) calendar year of DRVc-based 
regimen start, type of antiretroviral therapy (ART) regimen previously failed, number of previous VFs, number of 
antiretroviral drugs never previously used with DRVc, and baseline HDL cholesterol. If necessary, variables were omitted 
in order to avoid collinearity.

The number of antiretroviral drugs previously used (r=0.499, p<0.0001), the number of NRTIs previously used 
(r=0.461, p<0.0001), and the number of PIs previously used (r=0.479, p<0.0001) were not included in the final model 
because of collinearity with the number of previous VFs. The number of NRTIs previously used (r=−0.217, p=0.004) and 
the number of PIs previously used (r=−0.153, p=0.043) were also excluded from the final model because of collinearity 
with the number of antiretroviral drugs never previously used with DRVc). We checked the proportional hazard 
assumption for the Cox model by adding time-dependent variables to the original final model (ie, the product of each 
factor significantly associated with VS and logarithm of time), As no statistically significant results were observed, the 
assumption of proportional hazards was satisfied for all the covariates considered.
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Significant changes in laboratory parameters were explored using univariate mixed linear models (with random slope, 
random intercept, and unstructured variance–covariance matrix), as there were more than two available determinations 
per individual for all the laboratory parameters during treatment with a DRVc-based regimen. Analyses were conducted 
using two-sided tests at α=0.05 with SAS 9.4 (SAS Institute Inc, Cary, NC).

Results
Baseline Characteristics
Overall, 176 individuals who met the aforementioned inclusion criteria were included in the analysis. At the beginning of 
DRVc treatment (baseline), males represented 77.3% (136/176) of the study population, with a median (quartile 1 to 
quartile 3) age of 52.3 (44.4–57.3) years. Subjects had had a known HIV infection lasting 17.1 (9.6–27.5) years and had 
been on ART for 15.2 (5.7–21.4) years. Nadir CD4+ lymphocyte count was 190 (66–307) cells/µL, with 52.3% of 
population <200 cells/µL, while their current CD4+ count was 470 (281–722) cells/µL with 16.2% <200 cells/µL. At 
baseline, median HIV-RNA load was 209 (96–2682) copies/mL. An AIDS diagnosis was present in 59 subjects (33.5%) 
and a history of HBV and HCV coinfection in 14 (8%) and 46 (26.1%) (with positive HCV-RNA in 19/46 [42.2%]) 
individuals, respectively.

Among 130 subjects who had previous reverse-transcriptase and protease HIV1 genotype-resistance test (GRT) and 
115 InSTI GRT data available, the presence of at least one NRTI-, NNRTI-, PI-, or InSTI-resistance mutation was 
identified in 51 (39.2%), 35 (26.9%), 8 (6.2%), and 17 (14.8%) individuals, respectively. At the time of inclusion- 
qualifying VF, 106 individuals (60.2%) were on a three-drug regimen (InSTI-based [n=49, 27.8%], PI-based [n=57, 
32.4%]), 24 (13.6%) were on a two-drug regimen (2DR): bDRV + dolutegravir (DTG) in eight cases, bDRV + rilpivirine 
in one case and bDRV + lamivudine (3TC) in one case), six (3.4%) on boosted PI monotherapy, and 40 (22.7%) on other 
regimens, eg, FTC–TAF + bDRV + DTG in 11 cases, bDRV + DTG + maraviroc in three cases, and 3TC + bDRV + DTG 
in two cases. The most frequent failing regimens were FTC–TAF–bictegravir (BIC) in 15 cases (8.5%), FTC–tenofovir 
disoproxil fumarate (TDF)–DRVr in 12 cases (6.8%), FTC–TAF–DTG in 11 cases (6.3%), and 3TC–abacavir–DTG in 
nine cases (5.1%). NNRTI-based regimens failed in 28 individuals (15.9%).

The main DRVc-based regimens chosen after VF occurrence were FTC–TAF–DRVc (n=76, 43.2%), FTC–TAF– 
DRVc + DTG (n=27, 15.3%), FTC–TDF + DRVc (n=25, 14.2%), and DRVc + DTG (n=14, 8%). Overall, 61.4% (n=108) 
of these regimens were made up of DRVc + two NRTIs and 11.9% (n=21) DRVc + one drug from a different class 
combined in a 2DR. Furthermore, 89.2% (n=157) of regimens included at least one NRTI (usually two), only 4% (n=7) 
included an NNRTI, and 31.3% (n=55) included an InSTI combined with DRVc. Finally, in six subjects (3.4%), a fusion 
inhibitor was part of the DRVc-based treatment. Further details on the baseline characteristics of the individuals included 
in the analysis are shown in Table 1.

Virological Responses
During 1389 person-months of follow-up (median 3.8 [1.6–9.1) months]), 120 of 176 (68.2%, 95% CI 61%–74.6%) 
achieved VS within 12 months since the start of the DRVc-based regimen, for an overall incidence of VS of 8.6 per 
100 person-months of follow-up (95% CI 7.1–10.2). The 12-month cumulative probability of VS was 76.1% (95% CI 
68.9%–82.7%), and the corresponding Kaplan–Meier curve is shown in Figure 1. At last visit, HIV-RNA value 
distribution was 58.8% >50 copies/mL and 29.1% ≥50 copies/mL, with 17.6% missing. Among those 56 individuals 
who did not achieve VS within 12 months, median HIV-RNA was 81 (52–207) copies/mL. Among the 120 who achieved 
VS, 27 (22.5%, 95% CI 15.9%–30.8%) experienced VF during a median follow-up of 20.8 (IQR 9.1–46.4) months since 
first undetectable HIV-RNA. Figure 2 shows the cumulative probability of VF on the DRVc-based regimen in those who 
achieved HIV-RNA <50 copies/mL within 12 months since the start of this ART regimen. Resistance testing at VF was 
available for two people. In one, the drug-resistance mutations D30N, I50V, N88D were detected, conferring potential 
low-level resistance to DRV. In the second case, no PI-resistance mutations were detected. On multivariate analysis, 
baseline HDL cholesterol was independently associated with the risk of VS (adjusted HR 1.021, 95% CI 1.004–1.038, 
p=0.014; Table 2).

Drug Design, Development and Therapy 2024:18                                                                             https://doi.org/10.2147/DDDT.S443775                                                                                                                                                                                                                       

DovePress                                                                                                                       
1155

Dovepress                                                                                                                                                        Alberton et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Main baseline characteristics of the 176 individuals starting a DRVc-based regimen after a virological failure on any previous drug combination

Overall  
(n=176)

Virological success 
(n=120)

No virological success 
(n=56)

p

Age, years 52.31 (44.37–57.32) 53.2 (45.31–57.32) 49.99 (42.74–56.58) 0.217

Male sex 136 (77.3%) 93 (77.5%) 43 (76.8%) 1

Body massindexkg/m22 23.31 (21.11–25.31) 23 (20.81–25.59) 23.55 (21.3–25.22) 0.750

HCV-Ab+ 46 (26.1%) 31 (25.8%) 15 (26.8%) 0.684

BL HCV-RNA+, % Positive 19 (42.2%) 13 (43.3%) 6 (40%) 0.999

HBsAg+ Yes 14 (8%) 7 (5.8%) 7 (12.5%) 0.051

Years since HIV diagnosis 17.13 (9.57–27.5) 18.13 (7.38–29.38) 16.26 (10.05–26.21) 0.878

Years of ART 15.18 (5.69–21.38) 16.22 (5.69–21.7) 13.61 (5.72–20.31) 0.730

AIDS diagnosis 59 (33.5%) 39 (32.5%) 20 (35.7%) 0.733

Nadir CD4+, cells/µL 189.5 (65.5–306.5) 202.5 (73–314.5) 152.5 (49.5–274) 0.350

Nadir CD4+, cells/µL ≤200 92 (52.3%) 59 (49.2%) 33 (58.9%) 0.259

>200 84 (47.7%) 61 (50.8%) 23 (41.1%)

Type of ART regimen failing at DRVc start 0.004

1 PI + 2 NRTIs 57 (32.4%) 42 (35%) 15 (26.8%)

1 INSTI + 2 NRTIs 49 (27.8%) 34 (28.3%) 15 (26.8%)

PI/r monotherapy 6 (3.4%) 5 (4.2%) 1 (1.8%)

2DR 24 (13.6%) 9 (7.5%) 15 (26.8%)

Other regimens 40 (22.7%) 30 (25%) 10 (17.9%)

Most frequent (>5%) BL ART regimens 0.932

FTC–TAF–DRVc 76 (43.2%) 54 (45%) 22 (39.3%)

FTC–TAF–DRVc– 

DTG

27 (15.3%) 18 (15%) 9 (16.1%)

FTC–TDF–DRVc 25 (14.2%) 18 (15%) 7 (12.5%)

DRVc–DTG 14 (8%) 9 (7.5%) 5 (8.9%)
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BL HIV-RNA, copies/mL 209 (96–2682) 178 (79–1165) 282.5 (132.5–20,700) 0.005

BL CD4+, cells/µL 470 (281–722) 490 (315–728) 389 (202–683) 0.044

BL CD4+, cells/µL ≤200 28 (16.2%) 15 (12.7%) 13 (23.6%) 0.079

BL CD4:CD8 ratio 0.47 (0.27–0.83) 0.5 (0.31–0.96) 0.4 (0.19–0.66) 0.02

Historical GRTs before baseline: presence of ≥1 NRTI-resistance 
mutation

0.859

No 125 (71%) 86 (71.7%) 39 (69.6%)

Yes 51 (29%) 34 (28.3%) 17 (30.4%)

Historical GRTs before baseline: presence of ≥1 NNRTI-resistance 
mutation

0.840

No 141 (80.1%) 97 (80.8%) 44 (78.6%)

Yes 35 (19.9%) 23 (19.2%) 12 (21.4%)

Historical GRTs before baseline: presence of ≥1 PI-resistance 
mutation

1

No 168 (95.5%) 114 (95%) 54 (96.4%)

Yes 8 (4.5%) 6 (5%) 2 (3.6%)

Presence of ≥1 INSTI-resistance mutation (cumulative genotypes) 0.787

No 159 (90.3%) 109 (90.8%) 50 (89.3%)

Yes 17 (9.7%) 11 (9.2%) 6 (10.7%)
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Treatment Discontinuation
Overall, during a median follow-up of 24.1 (IQR 11.7–46.9) months, 86 of 176 (48.9%, 95% CI 41.6–56.2%) individuals 
discontinued at least one drug of the DRVc-based regimen for any reason. Median time to discontinuation was longer in 
subjects with VS: 29.06 (IQR 16.84–48.9) vs. 14.18 (IQR 3.6–38.36) months (p<0.0001). During a median follow-up of 
38.4 (IQR 16.4–50.5) months, 65 of 176 (36.9%, 95% CI 30.2%–44.3%) subjects specifically discontinued DRVc for any 
reason. Median time to discontinuation was longer in subjects with VS: 41.5 (IQR 20–60.6) vs. 23 (IQR 7.2–44.5) 
months (p=0.0007). The cumulative probability of DRVc discontinuation for any reason following achievement of VS is 

Figure 2 Cumulative probability of virological failure of the DRVc-based regimen in those who achieved HIV-RNA <50 copies/mL within 12 months since the start of the 
regimen.

Figure 1 Cumulative probability of virological success since the start of the DRVc-based regimen (baseline).
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shown in Figure 3. Overall, the main reasons for discontinuation were represented by patient decision/noncompliance in 
11 of 65 (16.9%; two of 37 [5.4%] among those who achieved VS and nine of 28 [32.2%] among those who did not), 
recurrent viral blips (without VF) in eight of 65 (12.3%; three of 37 [8.1%] vs. five of 28 [17.9%]), simpler or more 
convenient regimen in eight of 65 (12.3%; six of 37 [16.2%] vs. two of 28 [8%]), dyslipidemia in six of 65 (9.2%; five of 
37 [13.5%] vs. 1/28 [3.6%]), concerns about cardiovascular disease in four of 65 (6.2%; three of 37 [8.1%] vs. 1/28 
[3.6%]), drug interactions in four of 65 (6.2%; four of 37 [10.8%] vs. none of 28), and toxicity/side effects in seven of 65 
(10.7%; three of 37 [8.1%] vs. four of 28 [14.3%]): one case each of hypersensitivity, abnormal fat redistribution, and 
nervous system toxicity and two cases each of of kidney toxicity and osteopenia/osteoporosis Details are reported in 
Table 3.

Table 2 Multivariate Cox proportional-hazard model on risk of virological success among people treated with a DRVc-based regimen

Adjusted HR (95% CI) p

Year of DRVc-based regimen start Most recent 0.931 (0.805–1.077) 0.336

Type of ART regimen previously failed 0.104

1 PI + 2 NRTIs vs. 1 INSTI + 2 NRTIs 1.010 (0.591–1.725) 0.971

Monotherapy vs. 1 INSTI + 2 NRTIs 1.687 (0.574–4.954) 0.342

2DR vs. 1 INSTI + 2 NRTIs 0.431 (0.181–1.029) 0.058

Other regimens vs. 1 INSTI + 2 NRTIs 1.331 (0.758–2.337) 0.320

Number of previous virological failures Per unit higher 1.179 (0.983–1.413) 0.075

Number of antiretroviral drugs never previously used 
with DRVc

Per drug higher 0.859 (0.553–1.335) 0.499

Baseline HDL cholesterol Per mg/dL higher 1.021 (1.004–1.038) 0.014

Figure 3 Cumulative probability of DRVc discontinuation for any reason according to the following achievement of virological success.
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Safety Parameters
A panel of immunological and metabolic laboratory parameters collected during the DRVc-based regimen treatment 
period were analyzed. A slight increase in CD4+ cell count (VS: 5.37 [95% CI 2.36–8.39] cells/µL, p=0.0005; no VS: 
2.76 [95% CI −1.93 to 7.46] cells/µL, p=0.249; VS vs. no VS: p=0.930) and CD4:CD8 ratio (VS: 0.009 [95% CI 0.003– 
0.015], p=0.005; no VS: 0.002 [95% CI −0.009 to 0.012], p=0.773; VS vs. no VS: p=0.096) was found. A statistically 
significant slope was observed for estimated glomerular filtration rate (eGFR; VS: −0.319 [95% CI −0.635 to −0.1] mL/ 
min/1.73 m2, p=0.007; no VS: −0.158 [95% CI −0.618 to 0.301] mL/min/1.73 m2, p=0.499; VS vs. no VS: p=0.327) and 
Fibrosis 4 (FIB4) index for liver fibrosis (VS: −0.076 [95% CI −0.129 to −0.023], p=0.005; no VS: −0.705 [95% CI 
−1.092 to −0.319], p=0.0007; VS vs. no VS: p<0.0001). No statistically significant changes in lipid profile were 
observed, as shown in Table 4.

Discussion
DRVc-based regimens, such as those based on DRVr, are widely used and recommended by international guidelines in 
treatment-naïve PLWH, especially in situations where a rapid reduction in viral load is needed before resistance tests are 
available (eg, in acute infection) or in conditions of potentially poor adherence to therapy.1,9–11The usefulness of 
collecting efficacy data on DRVc-based regimens not extrapolated from studies on DRVr arises mainly from two 
peculiarities of such regimens. The first consists in the presence of cobicistat as a pharmacokinetic booster, endowed 

Table 3 Reasons for DRVc discontinuation following achievement of virological success (no statistically significant differences 
observed between these two groups; p=0.058)

Overall 
(n=176)

Virological success 
(n=120)

No virological success 
(n=56)

Abnormal fat redistribution 1 (1.5%) 1 (2.7%) 0

Availability of alternative regimen more convenient for 
the patient

3 (4.6%) 2 (5.4%) 1 (3.6%)

Concerns about cardiovascular disease 4 (6.2%) 3 (8.1%) 1 (3.6%)

Death 3 (4.6%) 2 (5.4%) 1 (3.6%)

Drug interaction 4 (6.2%) 4 (10.8%) 0

Dyslipidemia 6 (9.2%) 5 (13.5%) 1 (3.6%)

Hypersensitivity reaction/allergy 1 (1.5%) 0 1 (3.6%)

Noncompliance 1 (1.5%) 0 1 (3.6%)

Other causes 9 (13.8%) 5 (13.5%) 4 (14.3%)

Patient decision 10 (15.4%) 2 (5.4%) 8 (28.6%)

Pregnancy 1 (1.5%) 1 (2.7%) 0

Recurrent viral blips 8 (12.3%) 3 (8.1%) 5 (17.9%)

Simpler treatment available 5 (2.8%) 4 (10.8%) 1 (3.6%)

Toxicity/side effects, predominantly from kidneys 1 (1.5%) 1 (2.7%) 0

Toxicity/side effects, predominantly from nervous system 2 (3.1%) 0 2 (7.1%)

Toxicity/side effects, predominantly osteoporosis 1 (1.5%) 1 (2.7%) 0

Side effects: any of the above, but unspecified 1 (1.5%) 0 1 (3.6%)

Virological failure 4 (6.2%) 3 (8.1%) 1 (3.6%)
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with greater selectivity of CYP3A inhibition than ritonavir and fewer side effects and drug–drug interactions.12–14 

The second is the unicity of DRVc–FTC–TAF as fixed-dose and single-tablet regimens containing PI combined with an 
NRTI backbone, thus offering an advantage in terms of reduction in pill burden and medication errors.15 Both of these 
factors are relevant in constructing an effective therapy regimen after VF, as they contribute to limiting the risk of 
nonadherence to therapy.

In the analyzed cohort of 176 adult PLWH who had failed on a previous antiretroviral regimen, after 48 weeks of 
follow-up in a real-life setting, 68.2% achieved VS in a median time of 3.8 months, with a 12-month cumulative 
probability of VS of 76.1%. This result is consistent with those observed in the phase III, 48-week, open-label ODIN 
study, which proved noninferiority in virological response to once-daily DRVr 800/100 mg (72.1% HIV-RNA <50 
copies/mL at week 48) to twice-daily 600/100 mg (70.9%) when combined with an optimized background regimen in 
treatment-experienced PLWH without DRV resistance–associated mutations.4

A multivariate Cox proportional hazard model was used to identify factors predicting virological success using the 
data of 144 subjects, 103 of whom achieved VS. Favorable response seemed not to be conditioned by past antiretroviral 
regimens or previous VF, and baseline HDL cholesterol was the only parameter independently associated with the 
probability of VS (p=0.014). These data, together with some observations of discontinuation causes, suggest a significant 
role of adherence in achieving VS compared with other factors, such as past drug exposure.

In fact, the beneficial effect of DRVc on the lipid profile and in particular on triglycerides and high-density 
lipoproteins is known in cases of switching from ritonavir,15,16 which represents only a fraction of the switches in our 
cohort. The association of VS with higher baseline HDL cholesterol cannot reveals the effect of initiating DRVc, but 

Table 4 Immunovirological and safety parameters during treatment with DRVc-based 
regimen

Slope, mean change per month (95% CI) 
during the DRVc-based regimen

p

CD4+ cell count (cells/µL) 4.71 (−0.05 to 9.48) 0.052

CD8+ cell count (cells/µL) −8.22 (−21.84 to 5.40) 0.235

CD4:CD8 ratio 0.007 (0.002–0.012) 0.013

Hemoglobin (g/dL) 0.064 (0.029–0.099) 0.0004

Platelets (109/L) 0.908 (0.039–1.777) 0.041

Creatinine (mg/dL) 0.002 (−0.001 to 0.005) 0.203

eGFR (mL/min/1.73m2) −0.319 (−0.560 to −0.077) 0.010

Fasting glucose (mg/dL) 0.403 (0.026–0.779) 0.037

Triglycerides (mg/dL) 0.758 (−1.703 to 3.219) 0.544

Total cholesterol (mg/dL) 0.543 (−0.276 to 1.362) 0.192

LDL cholesterol (mg/dL) −0.129 (−0.675 to 0.418) 0.642

HDL cholesterol (mg/dL) 0.009 (−0.150 to 0.169) 0.906

Fibrosis 4 index −0.213 (−0.297 to −0.128) <0.0001

AST (U/L) −0.884 (−2.526 to 0.758) 0.289

ALT (U/L) −0.639 (−1.579 to 0.301) 0.181

Total bilirubin (mg/dL) −0.012 (−0.034 to 0.010) 0.293

Alkaline phosphatase (U/L) −0.426 (−43.48 to 42.63) 0.984
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rather could work as a performance indicator (or a proxy variable) of overall adherence to therapies (eg, lipid-lowering 
drugs) of subjects who achieved VS compared with those who did not. A similar perception, which cannot be 
demonstrated since lipid-lowering therapies were not available for the subjects included, is also evident from the reasons 
for discontinuation (Table 3), where dyslipidemia had greater incidence in those who achieved VS, while such items as 
recurrent viral blips, noncompliance, and patient decision had higher incidence in patients who did not achieve VS, as an 
effect of more and less regular intake, respectively.

Among immunological and metabolic markers monitored during the DRVc-based regimen treatment period, the slight 
increase in CD4+ cell count and CD4:CD8 ratio is consistent with CD4+ cell recovery reported in treatment-experienced 
and -naïve PLWH.6,17 This tendency is confirmed in favor of those who achieved VS, though not significantly. 
A statistically significant slope for eGFR is attributable to cobicistat’s known mechanism of inhibition of the tubular 
secretion of creatinine while not affecting actual renal function.18

Of the 120 subjects who achieved VS, 52 (43.3%) discontinued at least one drug of the DRVc-based regimen after 
a median 29 months, and 37 of 52 discontinued DRVc after a median 41.5 months. In sum, 27 of 120 (22.5%) developed 
VF during a median follow-up of 20.8 months since first undetectability, and only in one case did GRT at VF highlight 
mutations (D30N, I50V, N88D) conferring potential low-level resistance to DRVr in a subject previously exposed to 
lopinavir–ritonavir, as recently described by Abdullahi et al.19

The main limitation of this analysis lies in its retrospective design, lack of a standardized evaluation of adherence to 
treatment, and relatively small sample that may not be representative of the national population. Further, there may be 
some missing data for some variables, despite individuals’ information being generally accurately recorded in the 
CSLHIV Cohort database by each referring physician during each visit. In addition, this was a single-center study. On 
the other hand, it contributes to evidence for therapeutic effectiveness in real-world practice settings.

Conclusion
Most PLWH who experienced VF in this study achieved virological success within 12 months from the beginning of 
a DRVc-based regimen. DRVc-based regimens represent a viable option in cases of loss of virological control and no 
DRV-resistance mutations, with no significant impact on lipid profile and with bone and renal safety benefits. Prospective 
observational studies designed to collect data on real-world treatment–experienced PLWH are crucial for further under
standing of the role of adherence and other predicting factors on outcomes.
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