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Abstract: Thanks to the modern ARV regimens and the fact that the morbidity and mortality of
metabolic syndrome increases with age, clinicians are continuously researching effective and safe
antiretroviral regimens with low impact on the lipid profile. Doravirine (DOR) is the latest non-
nucleoside reverse-transcriptase inhibitor (NNRTI) that shows long-term safety and tolerability and
a favorable lipid profile. The aim of this study is to assess the impact of DOR-based three-drug
regimens on the lipid profile in clinical practice. We retrospectively analyzed a cohort of 38 treatment-
experienced, virologically suppressed people living with HIV (PLWH) switching to this regimen,
following the eligibility criteria. We carried out comparison analysis of immunological and metabolic
parameters between baseline and 48 weeks of follow up. In our cohort of treatment-experienced,
virologically suppressed PLWH, three-drug regimens with DOR showed good efficacy and a positive
profile on lipid metabolism at 48 weeks of follow up.

Keywords: doravirine; NNRTI; metabolic syndrome; dyslipidemia; low density lipoprotein;

cardiovascular risk

1. Introduction

Non-communicable diseases are the real emerging issues among aging people living
with HIV (PLWH) on antiretroviral treatment [1]; among them, metabolic syndrome (MS)
has become the most relevant, with an estimated global prevalence among PLWH ranging
between 16.7 and 31.3% [1,2]. The role played by the HIV infection itself on the genesis of
MS is not fully understood; the association with certain ARV molecules, such as protease
inhibitors (PIs), has also been studied, observing how their use could lead to an increased
risk of metabolic syndrome [3]. Given the increased life expectancy thanks to modern ARV
regimens and the fact that the morbidity and mortality of metabolic syndrome increases
with age, clinicians are in continuous search of effective and safe ARV regimens with low
impact on the lipid profile in order to minimize cardiovascular morbidity and mortality.
Although some PLWH are already at high risk of cardiovascular events or diabetes, it is
mandatory for healthcare providers to not exacerbate these conditions with antiretroviral
therapy administration.

Doravirine (DOR) is the latest non-nucleoside reverse-transcriptase inhibitor (NNRTI)
to be introduced for the treatment of HIV-1 infection and has been recommended as part of
three-drug regimens by international guidelines for the treatment of HIV-1 infection [4].
DOR is s a pyridinone NNRTI with potent antiviral activity against wild-type HIV-1 and
common NNRTI variants, with a favorable pharmacokinetic profile for once-daily dosing,
and low potential drug—drug interaction.

Viruses 2023, 15, 1046. https://doi.org/10.3390/v15051046

https:/ /www.mdpi.com/journal /viruses


https://doi.org/10.3390/v15051046
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/viruses
https://www.mdpi.com
https://orcid.org/0000-0002-0751-8836
https://orcid.org/0000-0001-5757-8346
https://orcid.org/0000-0001-7559-7364
https://orcid.org/0000-0001-9106-7742
https://doi.org/10.3390/v15051046
https://www.mdpi.com/journal/viruses
https://www.mdpi.com/article/10.3390/v15051046?type=check_update&version=1

Viruses 2023, 15, 1046

20of 6

Doravirine has an in vitro resistance profile that is distinct from other NNRTI molecules
and retains activity against viruses containing the most frequently transmitted NNRTI mu-
tations [5,6]. These data have also been reported from real-life clinical practice, supporting
doravirine use in naive patients [4-6].

Results from a randomized, active-controlled, double-blind, noninferiority phase
3 trial DRIVE-AHEAD continue to support DOR/3TC/TDF efficacy and its favorable
lipid profile at 96 weeks of follow up, compared to EFV/FTC/TDF, as demonstrated at
week 48 [7]. In a multicenter, noninferiority trial, DRIVE-FORWARD, results showed
the noninferior efficacy of doravirine, compared to ritonavir-boosted darunavir (DRV /r),
showing a superior lipid profile at 96 weeks of follow up [8]. Additionally, long-term
results from the DRIVE-SHIFT trial [9] have shown a reduction in fasting lipids at 24 weeks
after the switch to a DOR-based regimen, and that this reduction is maintained through
week 144. The mean weight change from switch to week 144 was +1.4 kg for ISG and
+1.2 kg for DSG [9]. According to the aforementioned data and results from the literature,
doravirine-based ARV regimens may lead to reduced long-term effects and cardiovascular
risk in PLWHIV; however, real-life data from clinical practice are still scarce.

The aim of this study is to assess the impact of DOR-based regimens on the lipid
profile in clinical practice during a follow-up time of 48 weeks.

2. Materials and Methods

We retrospectively analyzed a cohort of 38 treatment-experienced, virologically sup-
pressed PLWH who switched to a DOR-based 3-drug regimen. We collected clinical history
and viroimmunologic and metabolic parameters such as HIV-RNA (copies/mL), T-CD4+
lymphocyte cell count, low-density lipoprotein (LDL) value, total cholesterol, and triglyc-
erides, both at baseline and at 48 weeks of follow up. We applied the following eligibility
criteria: patient’s informed consent to data collection, adult age (>18 years-old), and being
on stable ARV with viral suppression (HIV-RNA < 50 copies/mL) at the moment of switch
(baseline). We carried out comparative analysis of immunological and metabolic parame-
ters between baseline and 48 weeks via parametric and nonparametric tests and searched
for predictors by linear regression. We also analyzed the time to virological failure (VF,
defined as a single HIV-RNA determination > 1000 copies/mL or two consecutive determi-
nations > 50 copies/mL) or interruption of the regime (TD, defined as the discontinuation
of any drug in the prescribed regimen) via Kaplan-Meier survival analysis, using the Cox
Regression Analysis to search for predictors.

3. Results

We analyzed a cohort of 38 PLWH: 23 (60.5%) were males, with a median age of
53 years (IQR 46-59) and a median time from HIV diagnosis of 14.3 years (IQR 5.8-21.8).
The median time of ARV exposure was 12.2 years (IQR 5.5-18.8) and median time of viro-
logical suppression was 8.4 years (IQR 3.9-16.1). All PLWH started an XTC/TDF + DOR
regimen, except one of them who started DOR plus FTC/TAF. The major reason for switch-
ing to a doravirine-based regimen in our population was the need for a simplified strategy
(n 25, 65.8%). Full population characteristics are shown in Table 1.

During a follow-up time of 42.79 patient-years of follow up (PYFU), we observed one
VE, a rate of 2.3 per 100 PYFU. The probability of maintaining virological suppression at
48 weeks was 96.9%. We did not find any predictor of VF in our regression analyses.

Regarding treatment discontinuations, we recorded three TD during 43.24 PYFU: one
due to hypersensitivity reaction and two due to simplification to a 2DR. The estimated
probability of maintaining the DOR-based regimen was 91.7% at 48 weeks. We did not find
any predictor of TD in our regression analyses.
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Table 1. Baseline characteristics of patients.

Variables n =38
Sex male, n (%) 23 (60.5)
Age, median (IQR) 53 (46-59)
Risk factor, n (%):
- MSM * 18 (47.4)
- Heterosexual 13 (34.2)
-PWID * 6 (15.8)
- Other/Unknown 1(2.6)
CDC, C,n (%) 14 (36.8)
HCV, n (%) 4 (10.5)
HBV, n (%) 4 (10.5)

Zenith HIV-RNA Logj/cp/mL, median (IQR)

5.33 (4.70-5.70)

Nadir CD4+ cell/mm?, median (IQR)

102 (24-231)

Years of HIV infection, median (IQR)

14.3 (5.8-21.8)

Years of ARV *, median (IQR)

12.2 (5.5-18.8)

Years of virological suppression, median (IQR)

8.4 (3.9-16.1)

LDL cholesterol at baseline, median (IQR)

122 (IQR 106.3-138.8)

HDL cholesterol at baseline, median (IQR)

52.31 (IQR 43.04-63.09)

Triglycerides at baseline, median (IQR)

119.09 (IQR 81.77-155.93)

Individuals on hypolipemic therapy, n (%)

2(5.3)

Reasons of switching to DOR, n (%):
- Simplification
- Dyslipidemia
- Toxicity
- Other/Unknown

25 (65.8)
1(2.6)
10 (26.3)
2 (5.3)

* MSM, Men who have sex with men; PWID, people who inject drugs; ARV, antiretroviral therapy.

Regarding immunological parameters, we observed a reduction in absolute CD4+
count at 48 weeks (median —37 cell/mm?3, p = 0.011), not associated with significant changes
in the CD4/CD8 Ratio. Regarding metabolic parameters, LDL, HDL, and triglycerides
median values at baseline are shown in Table 1. At 48 weeks of follow up, the median values
of the metabolic parameters were: LDL 105.00 mg/dL (IQR 81.00-133.00); HDL 47.9 mg/dL
(IQR 44.07-70.4); and triglycerides 94.42 mg/dL (IQR 61.73-133.38). We registered a
significant reduction in total cholesterol values at 48 weeks (median reduction -17 mg/dL,
p = 0.001) and a trend in the reduction in triglycerides (median —16 mg/dL, p = 0.052).
The only predictor of the reduction in total cholesterol was baseline total cholesterol (for
10 mg/dL more, B —3.3,95% CI —5.7 a —0.9, p = 0.009).

4. Discussion

In our cohort of treatment-experienced, virologically suppressed PLWH, three-drug
regimens with DOR showed good efficacy and a low rate of discontinuation. Our findings
are in line with results from clinical trials [6-9], which show that DOR-based regimens,
compared to older NNRTIs, appear to be an improvement in terms of both efficacy and
safety. Moreover, a DOR-based regimen also results particularly appealing as a switch
strategy, given its optimal tolerability and its low impact on the lipid profile [10,11].

Our data also highlight a positive profile on lipid metabolism, resulting in a median
reduction of —17 mg/dL of total cholesterol at 48 weeks of follow up. We also found a
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reduction in absolute CD4+ cell count, with a median reduction of —37 cell/mm?3 (p=0.011)
not associated with significant changes in the CD4/CD8 ratio. Based on the small number
of patients enrolled, the short follow-up time, and the non-change in the CD4/CDS8 ratio,
the resulting median reduction in CD4+ cell count should not be a concern. We aim to
continue the follow up until 144 weeks post-treatment to clarify whether this reduction in
CD4+ cell count is confirmed.

Metabolic syndrome is especially concerning in PLWH, even those on stable ARV
treatment, given the multiple overlapping risk factors with the seronegative population.
HIV infection itself represents a cardiovascular risk factor, due to the HIV-associated
low-grade-inflammation and immune dysregulation [12-15]. Subsequent treatment with
antiretroviral therapy is often associated with lipid profile perturbations and increasing
levels of pro-inflammatory lipid species, such as oxidized low-density lipoprotein (LDL)
and decreasing high-density lipoprotein (HDL) [16]. An overview and management of this
bidirectional system in which inflammation increases lipid levels and promotes their modi-
fication, sustaining inflammation instead, is needed. It can contribute to understanding
pathogenesis and preventing cardiovascular events in this population [17].

Lifestyle interventions on PLWH are the first steps needed, leading to reducing the
common risk factors such as smoking, drug abuse, and physical inactivity; this can also lead
to a reduction in the combination of pharmacotherapies with lipid-lowering medications
including statins and fibrates for dyslipidemia, and mitigate CVD risk. The European
Society of Cardiology guidelines recommend lipid-lowering therapy to reduce low-density
lipoprotein cholesterol to <70 mg/dL in PLWH [18].

In PLWH with metabolic syndrome, reducing cholesterol and triglycerides values
is mandatory in order to obtain a reduction in the inflammation degree and the risk of
atherosclerotic plaque formation [12,13].

For all these mechanisms mentioned above, using ARV regimens with low impact on
metabolic parameters and on the lipid profile is crucial in HIV infection management, and
could also lead to finding the optimal combination strategy to improve the quality of life
and life expectancy of PLWH [19].

Given the current issues and the aging PLWH population, our results can help in
developing tailored therapy, choosing the adequate ARV regimen, and improving clinicians’
ability to deliver optimal preventive care.

The main limitations of our study are the small sample size, the limited follow up,
and the lack of a control group. However, real-life data are particularly needed, given their
impact on the day-to-day activity of clinical healthcare providers.

In conclusion, our data show the favorable metabolic profile of a two NRTI + DOR
regimen in PLWH, leading to a significant reduction in total cholesterol in as soon as
48 weeks. More studies are needed, adding to the current literature, to quantify the benefits
of switching to a DOR-based regimen in terms of reducing cardiovascular risk, and reducing
the number of cardiovascular events in PLWH.

5. Conclusions

In conclusion, our data show the favorable metabolic profile of a two NRTI + DOR
regimen in PLWHIYV, leading to a significant reduction in total cholesterol in as soon as
48 weeks. More studies are needed, adding to the current literature, to quantify the benefits
of switching to a DOR-based regimen in terms of reducing cardiovascular risk, and reducing
the number of cardiovascular events in PLWHIV.

Author Contributions: Conceptualization, V.I., A.C.,, R A.P, R]J.S, PES. and S.D.G,, software, A.C.;
data curation, A.C., FL. (Francesca Lombardi), A.B., A.D., D.E, EL. (Francesco Lamanna) and V.I,;
writing—review and editing, A.C., PES., EL. (Francesca Lombardi), A.B. and V.I. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Viruses 2023, 15, 1046 50f6

Institutional Review Board Statement: The study was performed in accordance with the 1964
Declaration of Helsinki and later amendments.

Informed Consent Statement: An informed consent statement was obtained from all subjects in-
volved in the study.

Data Availability Statement: All the data used in this study will be made available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Vargas-Pacherrez, D.; Cotrim, H.P; Pires, L.; Cunha, V.; Coelho, V.; Brites, C.; Daltro, C. Metabolic Syndrome in HIV-patients in
Antiretroviral Therapy. Curr. HIV Res. 2020, 18, 388-395. [CrossRef] [PubMed]

Saputa, M.; Suchacz, M.; Zaleski, A.; Wierciniska-Drapato, A. Impact of Combined Antiretroviral Therapy on Metabolic Syndrome
Components in Adult People Living with HIV: A Literature Review. Viruses 2022, 14, 122. [CrossRef] [PubMed]

Hsue, PY.; Hunt, PW.; Schnell, A.; Kalapus, S.C.; Hoh, R.; Ganz, P.; Martin, ].N.; Deeks, S.G. Role of viral replication, antiretroviral
therapy, and immunodeficiency in HIV-associated atherosclerosis. AIDS 2009, 23, 1059-1067. [CrossRef]

European AIDS Clinical Society. EACS Guidelines Version 11.0. Available online: https://www.eacsociety.org/media/final202
leacsguidelinesv11.0_oct2021.pdf (accessed on 15 September 2022).

Soulie, C.; Santoro, M.M.; Charpentier, C.; Storto, A.; Paraskevis, D.; Di Carlo, D.; Gennari, W.; Sterrantino, G.; Zazzi, M.; Perno,
C.F; et al. Rare occurrence of doravirine resistance-associated mutations in HIV-1-infected treatment-naive patients. J. Antimicrob.
Chemother. 2019, 74, 614-617. [CrossRef]

Silverberg, M.].; Leyden, W.; Hurley, L.; Go, A.S.; Quesenberry, C.P, Jr.; Klein, D.; Horberg, M.A. Response to newly prescribed
lipid-lowering therapy in patients with and without HIV infection. Ann. Intern. Med. 2009, 150, 301-313. [CrossRef] [PubMed]
Orkin, C.; Squires, K.E.; Molina, J.M.; Sax, P.E.; Sussmann, O.; Lin, G.; Kumar, S.; Hanna, G.J.; Hwang, C.; Martin, E.; et al.
Doravirine/Lamivudine/Tenofovir Disoproxil Fumarate (TDF) Versus Efavirenz/Emtricitabine/TDF in Treatment-naive Adults
With Human Immunodeficiency Virus Type 1 Infection: Week 96 Results of the Randomized, Double-blind, Phase 3 DRIVE-
AHEAD Noninferiority Trial. Clin. Infect. Dis. 2021, 73, 33-42. [PubMed]

Molina, J.M.; Squires, K.; Sax, P.E.; Cahn, P.; Lombaard, J.; DeJesus, E.; Lai, M.T.; Rodgers, A.; Lupinacci, L.; Kumar, S.; et al.
Doravirine versus ritonavir-boosted darunavir in antiretroviral-naive adults with HIV-1 (DRIVE-FORWARD): 96-week results of
a randomised, double-blind, non-inferiority, phase 3 trial. Lancet HIV 2020, 7, e16-€26. [CrossRef] [PubMed]

Kumar, P; Johnson, M.; Molina, ].M.; Rizzardini, G.; Cahn, P.; Bickel, M.; Wan, H.; Xu, Z.].; Morais, C.; Sklar, P; et al. Switching to
DOR/3TC/TDF Maintains HIV-1 Virologic Suppression Through Week 144 in the DRIVE-SHIFT Trial. J. Acquir. Immune Defic.
Syndr. 2021, 87, 801-805. [CrossRef] [PubMed]

Ciccullo, A.; D’Angelillo, A.; Iannone, V.; Farinacci, D.; Lombardi, E; Visconti, E.; Tamburrini, E.; Di Giambenedetto, S. Real-Life
Safety of Doravirine in Treatment-Experienced, Virologically Suppressed PLWHIV. |. Acquir. Immune Defic. Syndr. 2021, 88, e5—e6.
[CrossRef] [PubMed]

Orkin, C.; Elion, R.; Thompson, M.; Rockstroh, ] K.; Bognar, FA.; Xu, Z.].; Hwang, C.; Sklar, P.; Martin, E.A. Changes in weight
and BMI with first-line doravirine-based therapy. AIDS 2021, 35, 91-99. [CrossRef] [PubMed]

Feinstein, M.].; Hsue, PY.; Benjamin, L.A.; Bloomfield, G.S.; Currier, ].S.; Freiberg, M.S. Characteristics, Prevention, and
Management of Cardiovascular Disease in People Living With HIV: A Scientific Statement from the American Heart Association.
Circulation 2019, 140, €98-e124. [CrossRef] [PubMed]

Echecopar-Sabogal, J.; D’Angelo-Piaggio, L.; Chanamé-Baca, D.M.; Ugarte-Gil, C. Association between the use of protease
inhibitors in highly active antiretroviral therapy and incidence of diabetes mellitus and/or metabolic syndrome in HIV-infected
patients: A systematic review and meta-analysis. Int. |. STD AIDS 2018, 29, 443-452. [CrossRef] [PubMed]

Kaplan, R.C.; Kingsley, L.A.; Gange, S.J.; Benning, L.; Jacobson, L.P,; Lazar, J.; Anastos, K.; Tien, P.C.; Sharrett, A.R.; Hodis,
H.N. Low CD4+ T-cell count as a major atherosclerosis risk factor in HIV-infected women and men. AIDS 2008, 22, 1615-1624.
[CrossRef] [PubMed]

Post, W.S.; Budoff, M.; Kingsley, L.; Palella, EJ.; Witt, M.D.; Li, X.; George, R.T.; Brown, T.T.; Jacobson, L.P. Associations between
HIV infection and subclinical coronary atherosclerosis. Ann. Intern. Med. 2014, 160, 458-467. [CrossRef] [PubMed]

Funderburg, N.T.; Mehta, N.N. Lipid Abnormalities and Inflammation in HIV Infection. Curr. HIV/AIDS Rep. 2016, 13, 218-225.
[CrossRef] [PubMed]

Miller, P.E.; Haberlen, S.A.; Metkus, T.; Rezaeian, P; Palella, F.; Kingsley, L.A.; Witt, M.D.; George, R.T.; Jacobson, L.P; Brown, T.T;
et al. HIV and coronary arterial remodeling from the Multicenter AIDS Cohort Study (MACS). Atherosclerosis 2015, 241, 716-722.
[CrossRef] [PubMed]


https://doi.org/10.2174/1570162X18666200609115615
https://www.ncbi.nlm.nih.gov/pubmed/32516101
https://doi.org/10.3390/v14010122
https://www.ncbi.nlm.nih.gov/pubmed/35062326
https://doi.org/10.1097/QAD.0b013e32832b514b
https://www.eacsociety.org/media/final2021eacsguidelinesv11.0_oct2021.pdf
https://www.eacsociety.org/media/final2021eacsguidelinesv11.0_oct2021.pdf
https://doi.org/10.1093/jac/dky464
https://doi.org/10.7326/0003-4819-150-5-200903030-00006
https://www.ncbi.nlm.nih.gov/pubmed/19258558
https://www.ncbi.nlm.nih.gov/pubmed/33336698
https://doi.org/10.1016/S2352-3018(19)30336-4
https://www.ncbi.nlm.nih.gov/pubmed/31740348
https://doi.org/10.1097/QAI.0000000000002642
https://www.ncbi.nlm.nih.gov/pubmed/33633036
https://doi.org/10.1097/QAI.0000000000002730
https://www.ncbi.nlm.nih.gov/pubmed/34397747
https://doi.org/10.1097/QAD.0000000000002725
https://www.ncbi.nlm.nih.gov/pubmed/33048879
https://doi.org/10.1161/CIR.0000000000000695
https://www.ncbi.nlm.nih.gov/pubmed/31154814
https://doi.org/10.1177/0956462417732226
https://www.ncbi.nlm.nih.gov/pubmed/28956700
https://doi.org/10.1097/QAD.0b013e328300581d
https://www.ncbi.nlm.nih.gov/pubmed/18670221
https://doi.org/10.7326/M13-1754
https://www.ncbi.nlm.nih.gov/pubmed/24687069
https://doi.org/10.1007/s11904-016-0321-0
https://www.ncbi.nlm.nih.gov/pubmed/27245605
https://doi.org/10.1016/j.atherosclerosis.2015.06.022
https://www.ncbi.nlm.nih.gov/pubmed/26132282

Viruses 2023, 15, 1046 60f6

18. Catapano, A.L.; Graham, I.; De Backer, G.; Wiklund, O.; Chapman, M.].; Drexel, H.; Hoes, A.W.; Jennings, C.S.; Landmesser, U.;
Pedersen, T.R; et al. 2016 ESC/EAS guidelines for the management of dyslipidemias. Eur. Heart . 2016, 37, 2999-3058. [CrossRef]
[PubMed]

19. Farinacci, D.; Ciccullo, A.; Lombardi, F.; Moschese, D.; D’Angelillo, A.; Iannone, V.; Lamanna, E,; Passerotto, R.A.; Giambenedetto,
S.D. Evaluation of doravirine-based regimen population target in a large Italian clinical center. Antivir. Ther. 2021, 26, 79-83.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/eurheartj/ehw272
https://www.ncbi.nlm.nih.gov/pubmed/27567407
https://doi.org/10.1177/13596535211056556
https://www.ncbi.nlm.nih.gov/pubmed/35485330

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

