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Background: The primary objective of this study was to estimate the proportion of people living with HIV (PLWH) who switched
from a non-protease inhibitor (PI)-based regimen [integrase strand transfer inhibitor (InSTI)-based or non-nucleoside reverse
transcriptase inhibitor (NNRTI)-based regimen] to darunavir, cobicistat, emtricitabine, tenofovir alafenamide (D/C/F/TAF).
Methods: This was a retrospective study on PLWH treated with a non-PI regimen in January 2017, who switched to D/C/F/TAF or to
another antiretroviral therapy (ART) within November 2019. Follow-up was from the start date of D/C/F/TAF until the last available
visit or discontinuation for any reason of this regimen. Virological failure (VF) was defined as 2 consecutive HIV-RNA values >50
copies/mL. Characteristics were reported as median (interquartile range) or frequency (%). A univariate Poisson regression model was
used to measure the incidence rate of switch to D/C/F/TAF. Changes in laboratory parameters during D/C/F/TAF were assessed by
univariate mixed linear models.
Results: Overall, 3076 PLWH were included; 83% were male, median age at ART switch was 50 (42–56) years and median time on
ART was 5.2 (0.3–13.0) years. PLWH had a median follow-up of 4.76 (3.70–6.38) years; during 17,099 person-years of follow-up
(PYFU), 423/3076 (14%) participants discontinued the non-PI-based regimen and 106/423 (25%) switched to D/C/F/TAF, with an
overall incidence rate of switch to D/C/F/TAF of 6.2 per 1000-PYFU (95% CI: 5.0–7.4). Among PLWH who switched to D/C/F/TAF,
the ongoing regimen was based on NNRTIs in 37 (35%) and on InSTIs in 69 (65%). Main reasons leading to switch to D/C/F/TAF
included neuropsychiatric adverse events (37%), VF (26%) and Kaposi sarcoma progression (5%).
Conclusion: In the last years, a non-negligible proportion of patients on an NNRTI- or an InSTI-based regimen switched to D/C/F/
TAF.
Keywords: treatment switching, anti-retroviral agents, HIV protease inhibitors, adverse drug events, sustained virologic response

Introduction
In the mid-1990s, the introduction of protease inhibitors (PIs) revolutionized HIV treatment, leading to greater
virological suppression rates, better immune reconstitution, and a significant decline in AIDS-related deaths.1

Moreover, second-generation PIs, such as darunavir, are well tolerated, although gastrointestinal side effects and
metabolic complications are not infrequent.2

Currently, a larger number of therapeutic options are available; in particular, integrase strand transfer inhibitors
(InSTI) are one of the latest antiretroviral drug classes approved and now widely recommended in international
guidelines for ART-naïve and -experienced people living with HIV (PLWH) due to their high efficacy and safety.3,4
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However, discontinuations of non-nucleoside reverse transcriptase inhibitors (NNRTI) and InSTI-based regimens
have been observed in clinical practice, mainly secondary to drug-related adverse events and virological failure.5,6

Switching to a single tablet regimen (STR) once per day containing darunavir combined with cobicistat as booster, which
is generally not associated with gastrointestinal symptoms and has a better drug-drug interaction profile, emtricitabine
and tenofovir alafenamide may enhance patient adherence, ensure virological outcomes, and also prevent the emergence
of drug-resistant mutations because of its high genetic barrier.

It has already been demonstrated that switching from boosted protease inhibitors plus emtricitabine and tenofovir disoproxil
fumarate regimens to a STR including darunavir/cobicistat/emtricitabine/tenofovir alafenamide (D/C/F/TAF) is safe and
effective;7 nonetheless, no data are reported in literature on PLWH switching from non PI-based regimens to D/C/F/TAF.

The primary objective of the study was to estimate the proportion of patients who switched from a non PI-based
regimen (InSTI- or NNRTI-based regimen) to D/C/F/TAF.

Methods
Study Population
This was a retrospective study conducted on adult PLWH who were receiving a non PI-based regimen (InSTI- or NNRTI-
based regimen) in January 2017 and switched to D/C/F/TAF or another ART regimen within November 2019. Patients
with decompensated cirrhosis, cancers requiring chemotherapy and/or radiotherapy or known for using concomitant
medications not allowed with D/C/F/TAF according to the summary of product characteristics were excluded from the
analysis. Drug changes within the NNRTI or InSTI class were ignored.

Follow-up accrued from the starting date of D/C/F/TAF until the last available visit or discontinuation of this
regimen. Virological failure was defined as two consecutive HIV RNA values >50 copies/mL.

Anonymized data from the Infectious Diseases Department database (CSLHIV Cohort) of IRCCS San Raffaele
Scientific Institute (Milan, Italy) were analyzed.

The study was approved by the ethics committee of the IRCCS San Raffaele Scientific Institute; all participants
provided written informed consent.

Statistical Analysis
Results were reported as median (IQR, interquartile range) or frequency (%).

At baseline, defined as the starting date of the non PI-based regimen (InSTI- or NNRTI-based regimen), demographic,
clinical and immune-virological factors were compared between people who switched to D/C/F/TAF and who did not,
using Chi-square for categorical variables and Kruskal–Wallis or Mann–Whitney test for continuous variables.

Secondary objectives were to evaluate factors associated with switching to D/C/F/TAF, to assess the proportion of
PLWH with virological failure with the corresponding 95% confidence interval (95% CI, Wald method), to describe
mean changes of laboratory parameters during D/C/F/TAF, and to investigate reasons for switching to D/C/F/TAF.

A univariate Poisson regression model was used to measure the incidence rate of switch to D/C/F/TAF; the rate was
reported as the number of switches per 1000 person-years of follow-up (PYFU) with the corresponding 95% CI.

Univariate and multivariate Cox proportional hazard regression models were performed to identify factors associated
with switching from a non-PI regimen to D/C/F/TAF. The multivariate model was performed in a stepwise manner with
entry and removal criteria at 0.05 alpha level and included statistically significant variables (p<0.05) in univariate
analysis or other potential predictors of switch. Potential predictor variables were assessed for multicollinearity before
being included in the multivariate model.

For the calculation of: i) incidence rate of switch and the ii) Cox proportional hazard models, baseline was defined as
the date of start of the non-PI regimen (InSTI-based or NNRTI-based regimen) and follow-up was censored at the date of
the switch to D/C/F/TAF or to another antiretroviral class or last available visit.

Mean changes in laboratory parameters during D/C/F/TAF were assessed by univariate mixed linear models; models were
calculated on raw data with random intercept and random slope (uniform variance-covariance matrix). For these analyses,
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baseline was defined as the date of start of D/C/F/TAF and follow-up was censored at the last available visit or discontinuation of
this regimen.

The analyses were conducted using two-sided test at 0.05 alpha level of significance and SAS 9.4 (Cary, NC).

Results
Overall, 3076 people with HIV infection were included: 2555 were male (83.1%) and median age at baseline was 50.1
(41.9–56.3) years. Median time from HIV diagnosis was 9.0 (2.9–17.0) years, while median exposure to ART was 5.2
(0.3–13.0) years. Other patients’ characteristics are reported in Table 1.

During 17,099 PYFU, median follow-up was 4.8 (3.7–6.4) years; 423/3076 (14.0%) PLWH discontinued the non PI-
based regimen: 106/423 (25.1%) switched to D/C/F/TAF for an overall incidence rate of switch to D/C/F/TAF of 6.2 per
1000-PYFU (95% CI: 5.02–7.38), while 317/423 (74.9%) switched to other classes.

Median time to switch was 4.1 (2.0–7.7) years: 1.1 (0.4–2.8) year for people who switched to D/C/F/TAF and 5.3
(3.2–8.4) years for people who switched to other antiretroviral classes (p<0.001). The ongoing regimen used by
individuals who switched to D/C/F/TAF was based on NNRTIs in 32/106 (30.2%) and on InSTIs in 74/106 (69.8%).

Overall, 423 PLWH discontinued their current regimen and toxicity was the main reason leading to switch for 122 (28.8%)
patients: 43/106 (40.6%) among people who switched to D/C/F/TAF and 79/317 (24.9%) among people who switched to other
antiretroviral classes; the following causes were simplification in 114 (27.0%) [1/106 (0.9%) vs 113/317 (35.6%)], immune
virological failure in 61 (14.4%) [34/106 (32.1%) vs 27/317 (8.5%)] drug interaction in 18 (4.3%) [1/106 (0.9%) vs 17/317
(5.4%)], and other reasons in 108 [(25.5%) 27/106 (25.5%) vs 81/317 (25.6%)] (p<0.001).

Among toxicities responsible for switching to D/C/F/TAF, neuropsychiatric adverse events were reported in 39/106
patients (36.8%), mainly related to depressed mood (16/39, 41.0%) and sleep disorders (11/39, 28.2%), virological failure
in 32/106 (30.2%) and Kaposi sarcoma progression in 5/106 (4.7%).

During treatment with D/C/F/TAF, median follow-up was 10.6 (3.8–26.8) months; virological failure occurred in 11
(10%; 95% CI: 5.7–17.8%) patients, of whom 8 switched to another antiretroviral class regimen, 2 continued their
current ART and achieved HIV RNA <50 copies/mL, while 1 potentiated D/C/F/TAF adding dolutegravir.

Significant mean changes per year (95% CI) in safety parameters after switch to D/C/F/TAF are illustrated in
Supplementary Table.

Factors associated with switching from a non-PI based regimen to D/C/F/TAF were a longer exposure to infection
from HIV diagnosis, a previous diagnosis of AIDS, a more recent calendar year of baseline ART, the use of an InSTI-
based regimen at baseline, higher values of triglycerides and alanine aminotransferase (ALT), as shown in Table 2.

Discussion
Our study has shown that switching from a non PI-based regimen to D/C/F/TAF may be a valid therapeutic strategy in PLWH.
ART containing darunavir has been proven to maintain virological suppression and be well tolerated when switching from
treatment with NNRTIs or other PIs;7–9 unfortunately, there are not sufficient data available in case of InSTIs’ discontinuation.

Among patients considered in the analysis, neuropsychiatric symptoms represented the main reason to interrupt a non
PI-based regimen and switch to D/C/F/TAF. As already described in a large number of studies, some NNRTIs can cause
dizziness, hallucinations, sleep or mood disorders and even suicide ideation, with a prevalence of complications up to
70% in PLWH receiving efavirenz;10 however, the overall impact of neurotoxicity related to InSTIs is still debated.

Evidence from clinical practice has reported a higher incidence of central nervous system adverse events in people
treated with dolutegravir than in registered trials.11 Focusing attention on long-term tolerability of second-generation
InSTIs might help clinicians to better manage future antiretroviral switches.

Although about 40% of PLWH who switched to D/C/F/TAF had no virological suppression under the previous ART
regimen, only 10% of participants treated with D/C/F/TAF reported two consecutive HIV RNA values ≥50 copies/mL
after the switch. Moreover, starting D/C/F/TAF induced a significant weight loss; since TAF was seen to be involved in
weight gain,12 effects of TAF combined with PIs need further investigation.
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Table 1 Patients’ Characteristics at the Start of the Non-PI Regimen (InSTI-Based or NNRTI-Based Regimen)

Characteristics Category Switch to D/C/F/
TAF (n=106)

Switch to Other
Regimens
(n=317)

No Switch
(n=2653)

Overall
(n=3076)

p-value

Age (years) 47.0 (39.9–54.0) 51.1 (43.1–56.9) 50.0 (41.9–56.3) 50.1 (41.9–56.3) 0.007

Gender

Female 19 (17.9%) 78 (24.6%) 424 (16.0%) 521 (16.9%) <0.001

Male 87 (82.1%) 239 (75.4%) 2229 (84.0%) 2555 (83.1%)

HIV risk factor

Heterosex 26 (24.5%) 67 (21.1%) 483 (18.2%) 576 (18.7%) 0.124

MSM 42 (39.6%) 132 (41.6%) 1284 (48.4%) 1458 (47.4%)

Other 27 (25.5%) 87 (27.4%) 611 (23.0%) 725 (23.6%)

PWID 11 (10.4%) 31 (9.8%) 275 (10.4%) 317 (10.3%)

Body mass index
(kg/m2)

22.9 (20.5–25.4) 23.2 (21.5–25.7) 23.9 (21.6–26.2) 23.8 (21.5–26.1) 0.036

HBV

No 72 (67.9%) 179 (56.5%) 1875 (70.7%) 2126 (69.1%) <0.001

Yes 13 (12.3%) 10 (3.2%) 138 (5.2%) 161 (5.2%)

Unknown 21 (19.8%) 128 (40.4%) 640 (24.1%) 789 (25.7%)

HCV

No 80 (75.5%) 242 (76.3%) 1988 (74.9%) 2310 (75.1%) 0.267

Yes 19 (17.9%) 41 (12.9%) 445 (16.8%) 505 (16.4%)

Previous or current use

of statin

No 90 (84.9%) 290 (91.5%) 2300 (86.7%) 2680 (87.1%) 0.0

Yes 16 (15.1%) 27 (8.5%) 353 (13.3%) 396 (12.9%)

Previous diagnosis of
diabetes

No 102 (96.2%) 307 (96.8%) 2563 (96.6%) 2972 (96.6%) 0.951

Yes 4 (3.8%) 10 (3.2%) 90 (3.4%) 104 (3.4%)

Previous diagnosis of

hypertension

No 85 (80.2%) 279 (88%) 2274 (85.7%) 2638 (85.8%) 0.134

Yes 21 (19.8%) 38 (12%) 379 (14.3%) 438 (14.2%)

Previous diagnosis of
cancer

No 97 (91.5%) 302 (95.3%) 2470 (93.1%) 2869 (93.3%) 0.265

Yes 9 (8.5%) 15 (4.7%) 183 (6.9%) 207 (6.7%)

(Continued)
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Table 1 (Continued).

Characteristics Category Switch to D/C/F/
TAF (n=106)

Switch to Other
Regimens
(n=317)

No Switch
(n=2653)

Overall
(n=3076)

p-value

Years of HIV 11.0 (3.3–22.0) 9.5 (3.3–16.6) 8.9 (2.8–17.0) 9.0 (2.9–17.0) 0.147

Years of ART 8.5 (1.7–17.1) 6.2 (0.5–12.4) 5.0 (0.3–12.9) 5.2 (0.3–13.0) 0.009

Previous diagnosis of

AIDS

No 83 (78.3%) 273 (86.1%) 2323 (87.6%) 2679 (87.1%) 0.017

Yes 23 (21.7%) 44 (13.9%) 330 (12.4%) 397 (12.9%)

Nadir CD4 (cells/mm3) 260 (102–374) 279 (178–397) 291 (169–420) 288 (168–415) 0.062

Calendar year of

baseline ART start

2016 (2014–2017) 2012 (2009–2014) 2015 (2013–2016) 2014 (2013–2016) <0.001

Baseline HIV RNA

(copies/mL)

<50 63 (59.4%) 248 (78.2%) 1863 (70.2%) 2174 (70.7%) <0.001

≥50 43 (40.6%) 69 (21.8%) 790 (29.8%) 902 (29.3%)

Years of HIV RNA <50

copies/mL at baseline
ART start

0.8 (0–3.6) 1.5 (0–4.6) 1.1 (0–4.7) 1.2 (0–4.7) 0.145

Baseline CD4

(cells/mm3)

575 (306–797) 604 (400–826) 622 (423–826) 618 (418–826) 0.101

Baseline CD8

(cells/mm3)

916.5 (619–1132) 904.5 (657–1176) 924 (672–1232) 923 (670–1225) 0.445

Baseline CD4/CD8

ratio

0.7 (0.4–0.9) 0.7 (0.4–0.9) 0.7 (0.4–1.0) 0.7 (0.4–1.0) 0.756

Baseline hemoglobin

(g/dL)

15 (13.9–15.9) 14.7 (13.7–15.7) 14.9 (13.9–15.7) 14.9 (13.9–15.7) 0.475

Baseline platelets

(109/L)

217 (176–256) 217 (181–261) 216 (180–258) 216 (180–258) 0.703

Baseline eGFR

(mL/min/1.73m2)

105 (86–114) 103 (94–111) 104 (92–113) 104 (92–113) 0.779

Baseline fasting glucose

(mg/dL)

86 (80–95) 85 (79–94) 86 (79–94) 86 (79–94) 0.792

Baseline triglycerides

(mg/dL)

116 (80–155) 105 (76–155) 110 (78–159) 110 (78–159) 0.685

Baseline total

cholesterol (mg/dL)

179 (150–208.5) 192 (161–218.5) 182 (154–210) 182 (155–211) 0.002

Baseline FIB-4 index 0.94 (0.7–1.51) 0.92 (0.63–1.31) 0.95 (0.68–1.37) 0.95 (0.68–1.36) 0.187

Baseline aspartate
transaminase (U/L)

27 (20–35) 23 (17–30) 24 (20–33) 24 (19–33) 0.009

(Continued)
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Switching to D/C/F/TAF was associated with more challenging HIV management (a longer history of infection and
a previous diagnosis of AIDS), a recent use of integrase inhibitors and both metabolic and hepatic impairment; these results
have shown that D/C/F/TAF was selected by clinicians as a therapeutic strategy for people facing complex situations.

Table 1 (Continued).

Characteristics Category Switch to D/C/F/
TAF (n=106)

Switch to Other
Regimens
(n=317)

No Switch
(n=2653)

Overall
(n=3076)

p-value

Baseline alanine
transaminase (U/L)

32 (19–50) 28 (21–41) 28 (21–42) 28 (21–42) 0.603

Baseline total bilirubin
(mg/dL)

0.51 (0.37–0.96) 0.44 (0.32–0.67) 0.5 (0.34–0.82) 0.49 (0.33–0.8) 0.015

Baseline alkaline
phosphatase (mg/dL)

78.5 (63–101) 84 (66–107) 79 (63–99) 79 (63.5–99) 0.056

Type of baseline ART

NNRTI-based 32 (30.2%) 278 (87.7%) 1209 (45.6%) 1519 (49.4%) <0.0001

InSTI-based 74 (69.8%) 39 (12.3%) 1444 (54.4%) 1557 (50.6%)

Most frequent baseline
ART regimens

DTG+ 3TC 10 (9.4%) 10 (3.2%) 197 (7.4%) 217 (7.1%) <0.0001

DTG+ ABC+ 3TC 9 (8.5%) 10 (3.2%) 446 (16.8%) 465 (15.1%)

DTG+ TDF+ F 11 (10.4%) 2 (0.6%) 205 (7.7%) 218 (7.1%)

EFV+ TDF+ F 12 (11.3%) 112 (35.3%) 328 (12.4%) 452 (14.7%)

EVG+ C+ TDF+ F 8 (7.5%) 6 (1.9%) 415 (15.6%) 429 (13.9%)

RPV+ TDF+ F 13 (12.3%) 63 (19.9%) 622 (23.4%) 698 (22.7%)

Abbreviations: PI, protease inhibitor; InSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; D/C/F/TAF, darunavir/cobicistat/
emtricitabine/tenofovir alafenamide; PWID, people who inject drugs; ART, antiretroviral therapy; AIDS, acquired immunodeficiency syndrome; DTG, dolutegravir; 3TC,
lamivudine; ABC, abacavir; TDF, tenofovir disoproxil fumarate; EFV, efavirenz; EVG, elvitegravir; RPV, rilpivirine.

Table 2 Factors Associated with the Switch to D/C/F/TAF

Characteristics Category Adjusted Hazard Ratio (95% CI) p-value

Years of HIV Per 1-year longer 0.947 (0.907–0.989) 0.014

Previous diagnosis of AIDS Yes vs No 3.260 (1.399–7.593) 0.006

Calendar year of BL ART Per 1-more recent year 2.250 (1.609–3.148) <0.0001

BL triglycerides Per 1-mg/dL higher 1.005 (1.003–1.008) <0.0001

BL alanine transaminase Per 1-U/L higher 1.008 (1.003–1.012) 0.003

BL ART (type of non-PI regimen) INSTI-based vs NNRTI-based 0.307 (0.116–0.813) 0.017

Notes: Adjusted for age, BMI, previous diagnosis of AIDS, nadir CD4+, HBV, years of HIV, calendar year of non-PI regimen start, type of non-
protease inhibitor regimen, BL CD4+, gender, HIV risk factor, HCV, previous diagnosis of diabetes, previous diagnosis of cancer, previous
diagnosis of hypertension, previous or current use of statin, BL HIV-RNA, duration of HIV-RNA <50 copies/mL, BL CD4+, BL CD8+, BL CD4
+/CD8+ ratio, BL hemoglobin, BL platelets, BL estimated glomerular filtrate rate, BL fasting glucose, BL triglycerides, BL total cholesterol, BL
Fibrosis-4 index, BL alanine transaminase, BL aspartate transaminase, BL total bilirubin, BL alkaline phosphatase.
Abbreviations: D/C/F/TAF, darunavir/cobicistat/emtricitabine/tenofovir alafenamide; AIDS, acquired immune deficiency syndrome; BL, baseline;
ART, antiretroviral therapy; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor.
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One of the limitations of the study is the retrospective study design; in fact, it does not allow to infer causality and
exclude all the residual confounders. Furthermore, patients evaluated in our study were predominantly male and middle-
aged; so, these findings may not be generalizable to other populations, such as older people and women.

Major strengths rely on the opportunity to investigate the switch from a non-PI based regimen to D/C/F/TAF in a real-
word data setting.

Conclusion
In conclusion, we observed a non-negligible proportion of PLWH on an NNRTI- or an InSTI-based regimen who
switched to D/C/F/TAF.
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